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Objectives: The purpose of this study was to assess whether diabetes affects functional and physical
outcomes following shoulder arthroplasty
Methods: A cohort of 140 patients were tested preoperatively, at an early follow-up visit (between 3-6
months) and at late follow-up visit (between 1-3 years) following shoulder arthroplasty. The American
Shoulder and Elbow Surgeons (ASES) Standardized Shoulder Assessment Form measured shoulder pain
and function and the Short-Form-12 (SF-12) measured physical health status. Shoulder goniometry and
dynamometry were used to assess motion and strength. Diabetic status was self-reported.
Results: There were significant improvements in function and physical health status for both diabetic
and nondiabetic patients at the late follow-up visit. For patients with diabetes, shoulder function (ASES:
0-30) improved from 5 (5) to 18 (6) scores (p < 0.001) and physical health status improved from 27 (6) to
38 (8) scores (p < 0.001). For patients without diabetes, shoulder function improved from 8 (5) to 19 (8)
scores (p < 0.001) and physical health status improved from 31 (8) to 40 (12) scores (p < 0.001). No
significant differences between diabetic and nondiabetic patients was detected at the late follow-up.
Conclusion: Patients with diabetes achieve large clinical benefits from shoulder arthroplasty, with
follow-up outcomes equally positive to those without diabetes. Future prospective studies with a larger
sample size of patients with diabetes are needed to confirm the results of this study.
Level of evidence: II

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Shoulder arthroplasty surgery replaces the damaged humeral
head and glenoid with prosthetic implants. This surgical procedure
has been shown to significantly reduce pain, restore joint function
and improve shoulder range of motion (ROM) at 2 years and
beyond in patients who underwent total shoulder arthroplasty
(TSA) or hemiarthroplasty (HA).1e4 Osteoarthritis is the primary
diagnosis for 77% of shoulder arthroplasty and often occurs in
middle-aged or older adults. Hence, comorbid health problem can
be prevalent; including hypertension and diabetes which have
been reported in 63% and 20%, respectively.5

Diabetes has been shown to be an independent risk factor for
increased risk of non-home discharge and longer hospital stays
following shoulder arthroplasty.6,7 Further, diabetes, along with
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hypertension and obesity, are reported to predict increased post-
operative complications such as humeral fracture and joint infec-
tion.8 However, previous research found weak associations
between patient satisfaction, physical impairment and patient-
reported functional outcomes in patients who have undergone
arthroplasty.9 This may reflect the diversity in presentation, patient
priorities and expectations. While it is known that diabetes is
associated with poor outcomes in ROM and patient-reported
function after total knee arthroplasty,10 it is unknown whether
this is also true for shoulder arthroplasty.

Given the fact that the number of patients with diabetes is
increasing (from 11% in 2010 to 14% by 2030),11 the negative impact
of hyperglycemia on body tissue,12 and the adverse effect of dia-
betes on postoperative complications and length of hospital
stays,7,8 there is a need to investigate whether diabetes affects
functional outcomes and motion after shoulder arthroplasty. The
purpose of this study was to investigate the impact of diabetes on
pain, patient-reported function, physical health status, and im-
pairments in shoulder ROM and muscle strength in patients who
underwent shoulder arthroplasty.
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2. Materials and methods

2.1. Study design and patients

A retrospective analysis of a prospective cohort of 140 patients
undergoing shoulder arthroplasty at an upper extremity surgical
unit was conducted. Patients' demographic characteristics were
collected and recorded into a computerized database before the
surgical intervention (Baseline), and at the time of early follow-up
visit (3e6 months), and again at the time of their late follow-up
visit (1e3 years). Shoulder pain, function, ROM, muscle strength,
and physical health status were examined across these three time-
points. In this study, patients were classified into two groups: pa-
tients with diabetes and patients without diabetes based on self-
report using the Self-Administered Comorbidity Questionnaire
(SCQ) which is an efficient method to classify comorbidity, and has
been shown to concur with medical chart retraction.13 This cohort
included patients who were treated with a mix of surgical in-
terventions such as TSA, HA, and reverse TSA (rTSA). The local
Research Ethics Board (REB) approved the study and written con-
sents were obtained from all patients before the study.

2.2. Outcome measures

2.2.1. Primary outcome
The primary outcome measure of shoulder was pain and func-

tion assessed using the American Shoulder and Elbow Surgery
(ASES) Standardized Shoulder Assessment Form.14 The ASES has
been shown to be a valid and responsive measure of shoulder pain
and function after shoulder arthroplasty.15 A full description of this
form is published.14 The minimal clinically important difference
(MCID) value for shoulder pain on the Visual Analogue Scale (VAS:
0e10) is a decrease of 1.6 points and for the 100-point ASES scale is
an increase of 13.6 points.16 In this study, information from pa-
tients' self-evaluation section were collected [pain severity (VAS:
0e10) and activities of daily living (0e30 scores per side)]. ASES
scores were compared to norms established in an age-matched
controls.17

2.2.2. Secondary outcomes
The secondary outcomes measured ROM, muscle strength and

physical health status.
Physical health status was assessed using the Physical Compo-

nent Summary (PCS) of the Short Form-12 (SF-12) survey.18 The SF-
12 has been shown to be a valid and reliable assessment tool18 and
has been used to assess patients after shoulder arthroplasty.19 The
MCID is 4.5 points for the PCS on the SF-12 survey.20

Shoulder ROM was assessed in flexion, abduction, and external
and internal rotation using a standard goniometer. Shoulder ROM
were measured using standardized procedures with known high
reliability (Intraclass Correlation Coefficients (ICCs)> 0.97).21e23

The MCID values for shoulder active forward flexion is 12�, active
abduction is 7�, and active external rotation is 3�.16

Isometric muscle strength was assessed for shoulder flexors,
abductors, and external and internal rotators using the JTech
PowerTrack handheld dynamometer (JTech; JTech Medical, Salt
Lake City, UT, USA), with known concurrent validity24 and reli-
ability (ICCs 0.89e0.98).25 Shoulder muscle strength and ROM
scores were compared to norms established in an age-matched
controls and with similar testing procedures.26,27

2.3. Inclusion and exclusion criteria

Patients were included if they completed the SCQ to identify the
presence of diabetes; the ASES and/or the SF-12 questionnaires;
and if their shoulder muscle strength and ROM were measured at
baseline, at early follow-up and at late follow-up visits. Exclusion
criteria included inability or refusal to complete tests/measures.

3. Statistical analysis

Statistical analyses were performed using SPSS, version 23 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics were performed to
evaluate normality using a Kolmogorov-Smirnov (K-S) test.
Descriptive statistics were calculated for the patients' de-
mographics, and for each outcome measure at each time point.
Continuous measures were reported as means and standard de-
viations and categorical measures were reported as numbers and
percentages. In bivariate analysis, patients with and without dia-
betes groups were compared using independent sample t-test for
continuous data (age and all outcomes measures at baseline) and
Chi-square test for categorical data. A General Linear Model (GLM)
with repeated measures was used to assess significant differences
in the primary and secondary measures over time, and between
patients with and without diabetes at baseline, at early follow-up
and at late follow-up visits while controlling for the type of sur-
gery (total arthroplasty, reverse total arthroplasty, and hemi-
arthroplasty) and the indication for surgery. Mauchly's test was
used to assess the assumption of sphericity. When sphericity was
violated, degrees of freedom (df) were corrected using Huynh-Feldt
estimates of sphericity.28 To assess the effectiveness of surgical
intervention, we calculated the between group effect sizes by
reporting the Standardized Response Mean (SRM)¼ dc/SDdc. The
dc is the mean between-group differences, and the SDdc is the
pooled standard deviation reflecting the variability of change be-
tween the two groups. To allow and facilitate clinical decision
making, benchmark values of trivial (<0.20), small (�0.20
to< 0.50), moderate (�0.50 to< 0.80) or large (�0.80), proposed by
Cohen, were utilized.29 An alpha level (a) of 0.05 was used to
indicate statistical significance. Significant interactions were fol-
lowed by pairwise comparisons using a Bonferroni correction.

4. Results

4.1. Descriptive statistics

Patients who underwent shoulder arthroplasty and met the
inclusion criteria were included in the analysis of ASES (n¼ 140),
SF-12 (n¼ 103), shoulder ROM (n¼ 140), and shoulder muscle
strength (n¼ 127). The demographic characteristics of patients
who completed one or both surveys are summarized in Table 1 and
the demographic characteristics of patients whose shoulder ROM
andmuscle strength were measured are summarized in Table 2. No
significant differences between patients with and without diabetes
were observed for age, sex, affected side, reason for surgery, and the
type of surgical intervention.Within this cohort, 55% of the patients
were treated with total shoulder arthroplasty, 30% of the patients
were treated with reverse total shoulder arthroplasty, and 15% of
the patients were treated with hemiarthroplasty. The main reason
for surgery was joint arthritis (73%) while other reasons included
shoulder fractures, dislocation and rotator cuff tear resulting from
falls (27%). Patients were tested at baseline (pre-operative), and at
two time-point post-surgery: at the late follow-up visit (3e6
months), and again at the late follow-up visit (1e3 years).

4.2. Effect of surgical interventions

4.2.1. Primary outcome
Table 3 presents the means and SD of the responses for the ASES

pain and function scores at each point in time. Therewas significant



Table 1
Demographic characteristics of patients who underwent shoulder arthroplasty and completed one or both of the self-reported surveys.

Variable ASES SF-12

Diabetes Diabetes

Yes No Yes No

Total number (n) 28 (20%) 112 (80%) 20 (19%) 83 (81%)
Age (years) 75 (9) 70 (11) 73 (9) 73 (8)
Sex
Male 10 (7%) 47 (34%) 9 (9%) 36 (35%)
Female 18 (13%) 65 (46%) 11 (11%) 47 (46%)

Dominant side
Right 24 (17%) 104 (74%) 18 (18%)* 75 (74%)
Left 4 (3%) 8 (6%) 2 (2%)* 7 (7%)

Affected side
Right 21 (15%) 66 (47%) 17 (17%) 47 (46%)
Left 7 (5%) 46 (33%) 3 (3%) 36 (35%)

Medical problems:
Heart disease 7 (5%) 22 (16%) 7 (7%)* 11 (11%)
Hypertension 18 (13%)* 36 (26%) 14 (14%)* 25 (24%)
Lung disease 6 (4%)* 5 (4%) 3 (3%) 4 (4%)
Primary osteoarthritis 24 (17%) 83 (59%) 17 (17%) 55 (53%)
Rheumatoid arthritis 2 (1%) 22 (16%) 2 (2%) 11 (11%)
Others (cancer, depression, kidney and blood disease) 34 (24%) 116 (83%) 26 (26%) 81 (79%)
Reason for surgery:
Arthritis 16 (13%) 60 (47%) 11 (11%) 51 (50%)
Rotator cuff tear 3 (2%) 4 (3%) 1 (1%) 3 (3%)
Others (fracture, dislocation, revised surgery) 9 (6%) 48 (33%) 8 (8%) 29 (28%)
Type of surgery: n¼ 26 n¼ 110
Total arthroplasty 16 (12%) 63 (47%) 11 (11%) 50 (49%)
Reverse total arthroplasty 8 (6%) 36 (26%) 6 (6%) 23 (23%)
Hemiarthroplasty 2 (2%) 11 (9%) 3 (3%) 9 (9%)

Independent sample t-test was used to detect difference in age (mean (SD)) between groups. Chi-square test was used to detect differences between groups in all categorical
data (reported as number and percentage). *Significant difference between groups, p< 0.05. ASES: American Shoulder and Elbow Surgeons, SF-12: Short Form-12 survey.

Table 2
Demographic characteristics of patients who underwent shoulder arthroplasty and whose shoulder motion and/or muscle strength were measured.

Variable ROM Muscle strength

Diabetes Diabetes

Yes No Yes No

Total number (n) 27 (19%) 113 (81%) 23 (18%) 104 (82%)
Age (years) 73 (8) 71 (9) 74 (9) 70 (9)
Sex
Male 12 (9%) 54 (39%) 11 (9%) 51 (40%)
Female 15 (11%) 59 (42%) 12 (9%) 53 (42%)

Dominant side
Right 24 (17%) 104 (74%) 21 (17%) 97 (76%)
Left 3 (2%) 9 (6%) 2 (2%) 7 (6%)

Affected side
Right 23 (16%)* 70 (50%) 20 (16%)* 66 (52%)
Left 4 (3%)* 43 (31%) 3 (2%)* 38 (30%)

Medical problems:
Heart disease 8 (6%)* 14 (10%) 5 (4%) 14 (11%)
Hypertension 17 (12%)* 34 (24%) 16 (13%)* 35 (28%)
Lung disease 5 (4%)* 3 (2%) 4 (3%) 7 (6%)
Primary osteoarthritis 23 (16%)* 62 (44%) 20 (16%)* 68 (54%)
Rheumatoid arthritis 3 (2%) 12 (9%) 2 (2%) 12 (9%)
Others (cancer, depression, kidney and blood disease) 32 (23%) 90 (64%) 27 (22%) 89 (69%)
Reason for surgery:
Arthritis 16 (13%) 60 (46%) 14 (14%) 63 (54%)
Rotator cuff tear 2 (2%) 1 (1%) 1 (1%) 1 (1%)
Others (fracture, dislocation, revised surgery) 10 (8%) 46 (35%) 7 (6%) 40 (33%)
Type of surgery:
Total arthroplasty 19 (14%) 65 (48%) 15 (12%) 62 (50%)
Reverse total arthroplasty 6 (5%) 36 (26%) 6 (5%) 31 (25%)
Hemiarthroplasty 2 (1%) 11 (8%) 2 (2%) 9 (7%)

Independent sample t-test was used to detect difference in age (mean (SD)) between groups. Chi-square test was used to detect differences between groups in all categorical
data (reported as number and percentage). *Significant difference between groups, p< 0.05. ROM: range of motion.
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Table 3
A comparison of changes in pain, function, ROM, and muscle strength between patients with and without diabetes who underwent shoulder arthroplasty.

Variable Baseline Early follow-up visit (3e6
months)

Late follow-up visit (1e3
years)

Effect size

Diabetes Diabetes Diabetes

Yes No Yes No Yes No

ASES
Pain (0e10) 7 (3) 6 (3) 2 (1)* 2 (2)* 2 (2)* 2 (2)* 1.0
Function: Affected side (0e30) 5 (5)y 8 (5) 13 (5)* 15 (7)* 18 (6)* 19 (8)* 0.9
Un-affected side (0e30) 21 (8) 22 (8) 24 (5)* 24 (6)* 25 (4)* 25 (6)*

SF-12
Physical health status (0e100) 27 (6)y 31 (8) 35 (8)* 39 (9)* 38 (8)* 40 (12)* 0.6
Mental health status (0e100) 48 (13) 53 (11) 48 (12) 55 (9) 53 (6) 53 (10)
Shoulder ROM (degrees):
Flexion: Affected 85 (31)y 98 (24) 108 (18)* 112 (26)* 132 (28)* 132 (32)* 2.2
Unaffected 146 (33) 153 (22) 156 (19)* 158 (21)* 156 (21) 155 (22)

Abduction: Affected 65 (23)y 76 (25) 90 (21)* 96 (28)* 115 (33)* 119 (36)* 0.7
Unaffected 137 (39) 150 (26) 150 (25)* 152 (27) 150 (32) 152 (26)

External rotation: Affected 20 (12) 24 (12) 36 (18)* 36 (18)* 47 (16)* 47 (23)* 0.5
Unaffected 57 (21) 61 (21) 64 (21) 62 (22) 70 (15)* 68 (19)*

Internal rotation: Affected 3 (3)y 6 (10) 24 (11)* 27 (15)* 37 (14)* 38 (19)* 0.2
Unaffected 53 (19) 51 (16) 55 (16) 52 (15) 60 (13) 55 (19)
Shoulder muscle strength (kg):
Flexors: Affected 2 (1)y 4 (3) 4 (2)* 5 (4)* 4 (2)* 5 (3)* 1.4
Unaffected 5 (2)y 7 (5) 5 (2) 7 (4) 5 (2) 6 (3)

Abductors: Affected 2 (1)y 4 (3) 4 (2)* 5 (3)* 4 (1)* 5 (3)* 1.0
Unaffected 5 (2)y 8 (5) 6 (2) 8 (4) 5 (2) 7 (3)

External rotators: Affected 2 (1)y 3 (1) 3 (2)* 3 (2)* 4 (2)* 4 (2)* 1.0
Unaffected 4 (2)y 6 (3) 5 (2) 6 (2) 5 (1) 6 (2)

Internal rotators: Affected 3 (2)y 4 (2) 4 (2) 5 (2) 4 (2)* 6 (3)* 1.4
Unaffected 6 (2) 8 (7) 6 (2) 8 (4) 6 (2) 7 (3)

General linear modules-repeated measures were used to detect changes over time and between groups. Values are reported as mean (SD). *significant effect of time (p< 0.05)
between baseline and early follow-up visit and between baseline and late follow-up visit. ysignificant mean difference between groups as detected by independent sample t-
test.
ROM: Range of Motion, ASES: American Shoulder and Elbow Surgeons, SF-12: Short From-12 survey.
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improvement over time (from baseline to late follow-up visit) on
pain scores (VAS: 0e10) for patients with diabetes [7 (3.3) to 2 (2.4),
p< 0.001], and for patients without diabetes [6 (3.0) to 2 (2.3),
p< 0.001].

Similarly, there were significant improvements over time on
function scores (ASES: 0e30) of the affected shoulder for patients
with diabetes [5 (4.6) to 18 (6.3), p< 0.001] and for patients without
diabetes [7 (4.9) to 19 (7.3), p< 0.001]. Pairwise comparisons
revealed a significant improvement between each time point
(p< 0.001) for the function score of the affected shoulder, and be-
tween baseline and late follow-up visit for pain scores.

Despite the higher pain (non-significant) and poorer function
(mean difference (MD)¼ 3 points, p¼ 0.032) of patients with dia-
betes at baseline, the differences between groups became nonsig-
nificant at the late follow-up visit (Table 3).

When we controlled for the type of surgery and indication for
surgery the improvement over time in ASES pain and function
scores remained significant (p< 0.001) and the differences in pain
and function between patients with and without diabetes
remained nonsignificant. In addition, the interaction between time
and type of surgery and between time and reason for surgery were
nonsignificant, indicating that surgical subgroups experienced
similar patterns of recovery.
4.2.2. Secondary outcomes
Therewas significant improvement over time, between baseline

and early follow-up visit and between baseline and late follow-up
visit on the physical health status for patients with diabetes [27
(5.7) to 38 (8.2), p< 0.001] and for patients without diabetes [31
(7.5) to 40 (11.5), p< 0.001] (Table 3). Despite the significant poorer
physical health status of patients with diabetes at baseline (MD¼ 4
points, p< 0.033), both groups recovered to a similar physical
health status at the late follow-up visit (Table 3).

As shown in Table 3, there was significant improvement over
time of the affected shoulder ROM for both groups (p< 0.001). The
independent sample t-test revealed significant differences between
groups at baseline in flexion (MD¼ 13�, p< 0.02), and abduction
(MD¼ 11�, p< 0.044). However, these differences became nonsig-
nificant at the late follow-up visit.

Similar to shoulder ROM, muscle strength of the affected
shoulder significantly improved over time for both groups
(p< 0.001) as shown in Table 3. Despite the significantly weaker
shoulder flexors (MD¼ 2 kg, p< 0.013), abductors (MD¼ 2 kg,
p< 0.001), and external (MD¼ 1 kg, p< 0.009) and internal
(MD¼ 1 kg, p< 0.006) rotator muscle groups at baseline, patients
with diabetes regain similar muscle strength as patients without
diabetes at the late follow-up visit.

The analysis of covariance, when the type of surgery and indi-
cation for surgery were controlled for, revealed that the improve-
ments over time in physical health status, ROM and muscle
strength remained significant (p< 0.001) and the differences be-
tween diabetic and non-diabetic patients remained nonsignificant
for physical health status, ROM and for muscle strength. In addition,
the interaction between time and type of surgery and between time
and reason for surgery were non-significant for the secondary
outcome measures.
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5. Discussion

This study demonstrated that patients with and without dia-
betes have equally positive improvements in shoulder function,
ROM, strength and in physical health status following shoulder
arthroplasty, despite the small but significantly poorer function and
physical health status that patients with self-reported diabetes
present with prior to surgery. In addition, the improvements in
shoulder pain, function, and ROM of the current study all reached
statistical and clinical significance with large effects size (Table 3),
confirming prior studies that indicate a large benefit to shoulder
arthroplasty. The overall improvements in shoulder pain, function,
ROM, and strength as well as physical health status were compa-
rable to previous studies despite the differences in sample size,
outcome assessment tools, the follow up periods, and the inclusion
criteria.1e4,19 However, none of these studies have examined a
subset of patients with diabetes for comparison.

Similar to previous research,3,4 different types of surgery (TSA,
HA, rTSA) were not significantly different in terms of functional
improvements following surgery This may be because the in-
dications for different surgeries successfully allocates them to the
type of surgery providing the optimal outcome for that clinical
presentation. However, our results differ from one study that re-
ported a greater shoulder ROM and less pain following TSA as
compared to hemiarthroplasty.1

Despite the reported improvements in shoulder ROM and
strength, patients with and without diabetes had below-normal
scores when compared to age-matched people with unaffected
shoulder.26,27 The lower scores can be attributed to several factors
including the quality of the surrounding musculotendinous struc-
tures, the type of implant and fixation used, the general health
status of patients, and the presence of comorbidities.2,4,8,30 Patients
should be made aware that improvement, not normality, is the
expected outcome of surgery.

The clinical improvements in outcomes between patients with
and without diabetes was previously investigated following total
knee arthroplasty (TKA).10 The TKA study included 20 diabetic
patients with a mean age of 72 years. Similar to our study, there
were small (non-significant) differences in knee ROM, muscle
strength and Knee Society Score questionnaire scores between
groups at baseline. However, at one year follow-up, TKR patients
with and without diabetes had similar outcomes except for knee
flexion which was significantly 10� less in patients with diabetes.10

According to the authors, the difference in the rehabilitation pro-
gram intensity explained the poorer knee flexion in patients with
diabetes.10 Overall, our findings concur with results found in the
TKA study, that patients with diabetes achieve similar clinical
benefits, as compared to their nondiabetic counterparts.

5.1. Strength and limitations

This study provides new information on the impact of diabetes
on shoulder pain, function, ROM, strength and physical health
status after shoulder arthroplasty. The data of this study were
prospectively collected using valid and reliable outcome measures;
and the ASES scale and SF-12 survey have been used to assess
functional outcomes and physical health status after shoulder
arthroplasty. We evaluated a relatively large cohort of patients and
used an independent assessor to evaluate outcomes. However,
several limitations of the current cohort should be recognized. First,
diabetes status was classified based on self-report which is subject
to reporting errors. However, the Katz self-administered comor-
bidity scale (SCQ) has been validated to assess comorbid conditions
and health services research; and shown to be equivalent to
extracting this information from medical records.13 Diabetes is the
type of condition that is more likely that patients would accurately
self-report, given the treatment requirements. Second, and poten-
tially more limiting, was the fact that we did not have data about
the type, the duration, the treatments of diabetes, and the level of
glycemic control. It is possible that negative effects of diabetes
would be selectively present in with longer duration or poorer
control. Therefore, we cannot preclude that negative effects may
occur in this subgroup. Lastly, although we controlled for the type
of surgery and the indication for surgery and found no effect, re-
covery could be affected by other uncontrolled factors such as the
quality and type of implant and the post-operative complications.1,2

6. Conclusion

Patients with and without diabetes are expected to gain similar
large clinical improvements in shoulder function, motion, and
strength as well as physical health status following shoulder
arthroplasty. However, these improvements are not expected to
reach normal values. Future large cohort studies with larger
numbers of patients with diabetes and more rigorous evaluation of
diabetic duration, type, and the level of glycemic control over a
longer period of time could more accurately estimate the prognosis
of different subgroups of patients with diabetes; and whether a
dose-response relationship between glycemic control and out-
comes is present.
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