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Abstract

Background: Shoulder arthroplasty improves shoulder range of motion (ROM), strength and function in patients
with advanced shoulder disease. However, clinical outcomes vary and are not always predictable among patients.
Pre-operative factors and patients’ characteristics may influence improvement after surgery. This study examined the
impact of the pre-operative objective measures range of motion (ROM) and strength, age, sex, and comorbidities on
shoulder ROM, strength status and the amount of improvement one year following shoulder arthroplasty.

Methods: 140 patients were assessed pre-operatively and one year after shoulder arthroplasty in this prospective
cohort study. Pearson’s correlations and multiple regression analyses were performed to test the impact of potential
predictors on abduction, flexion, internal rotation and external rotation ROM as well as on shoulder abductors, flexors,
internal rotators and external rotators strength at one year.

Results: Pre-operative ROM significantly predicted 10% - 37% of the improvement in ROM after surgery. Less pre-
operative ROM was associated with a greaterimprovement in ROM. Less pre-operative muscle strength was associated
with a greater improvement in strength after surgery. Pre-operative shoulder muscles predicted 28% - 38% of the
strength status at one year, and 24% - 43% of the improvement in strength postoperatively. Older age was associated
with less improvement in ROM and strength at one year. With other predictors, age explained 37% of the change in
ROM and 36% of the change in strength. Male sex was associated with greater improvement in muscle strength. Sex
significantly predicted 24% - 36% of the change in strength.

Conclusion: Pre-operative ROM and strength, age, and sex are significant predictors of the improvement in the
shoulder ROM and strength one year after shoulder arthroplasty. The improvement in these measures is expected to
decline with age and men are expected to gain more strength than women following this surgical intervention.

Level of evidence: ||
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Introduction

houlder arthroplasty is a surgical procedure that
Sinvolves replacing either part (partial) or all

(total) of the articular surface. When considering
all shoulder arthroplasty procedures currently
recorded by the Australian Orthopedic Association
registry (2018), total shoulder arthroplasty (TSA)
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was the most common procedure (75.5%), followed
by hemiarthroplasty (HA) (14.5%) and revision
procedures (10.0%) (1). Shoulder arthroplasty is
more commonly undertaken in females (64%) with the
majority between the ages of 65 and 84 years (1). The
primary diagnosis for HA is fracture (45%) followed
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by osteoarthritis (40%) while the primary diagnosis
for TSA is osteoarthritis (65%) followed by rotator cuff
arthropathy (21%) (1).

The effect of shoulder arthroplasty on improving range
of motion (ROM) is well documented (2). However, the
degree of improvement in these objective measures
varies among patients and is not always predictable.
The factors contributing to this variability are not well
investigated and little information is available regarding
the pre-operative characteristics of the patients that may
affect the quality of the outcomes (3).

Pre-operative ROM in all directions were shown to
be predictive of postoperative forward flexion (FF),
abduction, external rotation (ER) and internal rotation
(IR) ROM one year following TSA (4). Further, pre- and
intra-operative FF were found to be strong predictors
of postoperative FF ROM one year after reverse
shoulder arthroplasty (5). Furthermore, pre-operative
ER ROM of less than 10 degrees was associated with
less post-operative ER ROM in 118 patients four-years
following HA but not TSA (6). However, pre-operative
loss of FF did not predict postoperative FF following
HA and TSA (6).

While age did not affect postoperative ROM, male sex
was associated with increased postoperative ROM one
year following reverse shoulder arthroplasty (4, 5).
The presence of comorbidities, including diabetes
and hypertension, did not predict postoperative ROM,
except for IR ROM, which was decreased with diabetes
(4). Lastly, humeral head subluxation was associated
with lower active ER ROM following HA and TSA (6).

As shown above, few studies examined factors that
influence postoperative ROM and muscle strength
outcomes following shoulder arthroplasty. Further,
there is a lack of reporting regression coefficients that
illustrate the degree of changein outcomes after shoulder
arthroplasty. This makes it difficult for surgeons and
health care professionals to provide patients with
realistic expectations of their postoperative outcomes
and treatment plans. The purpose of this study was to
analyze pre-operative factors that affect postoperative
shoulder ROM and muscle strength.

Materials and Methods
Study design and patients

Institutional Review Board approval was obtained
for this prospective study. All patients who underwent
shoulder arthroplasty at our tertiary care hospital and
followed up for a minimum of one year were included
in this analysis. A consent form was obtained from all
patients.

A computerized database was available for 477
patients. The inclusion criteria for this cohort were
the presence of comorbidity data and prospectively
collected measurements of shoulder ROM and muscle
strength at baseline (pre-operative) and at one year
follow-up visit.

This cohort included all patients treated with shoulder
arthroplasty regardless of the type of surgery based
on our previous study, which showed non-significant
differences in ROM and muscle strength among patients
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who underwent TSA, reverse TSA, and HA (7). A total
of 140 patients met these inclusion criteria. Patients
whose shoulder ROM and muscle strength data were
not available pre-operatively and at one-year follow-up
visit were excluded from this study.

Instrumentation

Dependent variables included shoulder ROM and
muscle strength. Shoulder ROM was assessed in flexion,
abduction, and ER and IR using a standard goniometer.
Shoulder ROM was measured using standardized
procedures with known high reliability (Intraclass
Correlation Coefficients (ICCs) > 0.97) placed along the
joint axis by the therapist, was read by an independent
assistant (8-10).

Isometric muscle strength was assessed for shoulder
flexors, abductors, and lateral rotators (LR) and medial
rotators (MR) using the JTech PowerTrack handheld
dynamometer (JTech; JTech Medical, Salt Lake City, UT,
USA). This device has known validity and reliability (ICCs
0.89-0.98) (11, 12).

Measurements of ROM and strength were recorded pre-
operatively and at one year follow-up visit. These data
were averaged and compared between patients based
on their age, sex, and the presence of comorbidities
[Table 1].

Independent variables

The predictive variables of interest included patients’
demographics: age, sex, and comorbidities (diabetes,
hypertension, depression), and the pre-operative ROM
and muscle strength data. The prediction effect of these
variables was assessed for the final ROM and strength
measurements at one year and on the change of ROM and
strength from pre-operative to one year postoperative
visit, aiming to estimate the clinical benefits of shoulder
arthroplasty.

Statistical analysis

Statistical analyses were performed using SPSS
software, version 23 (SPSS Inc., Chicago, IL, USA). A P
value of <0.05 was considered statistically significant. An
independent sample t-test was used to detect differences
in the ROM and strength between patients based on
age, sex and the presence of comorbidities (diabetes,
hypertension, depression). All values are reported as
mean and standard deviation (SD). Pearson’s correlation
coefficients (r) were calculated between the dependent
and predictive variables and between the predictive
variables. The effect size (ES) of Pearson’s correlations
were classified as follow: 0.1 < r < 0.3 = small effect, 0.3
< r < 0.5 = medium effect, r = 0.5 = large effect (13).
A multivariable regression analysis was performed
to examine the effect of the predictive variables on
the improvement in ROM and strength one year after
shoulder arthroplasty. To predict the clinical benefits of
shoulder arthroplasty, we calculated the change in ROM
and strength measurements by subtracting one year
measures from pre-operative measures. Then, a second
multivariable regression analysis was performed on the
change values.
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Table 1. Patient demographics and influence on shoulder ROM and muscle strength one year following shoulder arthroplasty

Shoulder ROM (degrees) (n= 140) Muscle strength (kg) (n=127)

Patient Number of Age Flexion  Abduction ER IR Number of Age Flexors Abduct MR
characteristics patients Mean Mean Mean Mean  Mean patients Mean Mean Meal::(:];; Mean Mean
(%) (SD) (SD) (SD) (SD) (sD) (%) (SD) (SD) (SD)  (SD)
Sex: Male 66 (47)*  69(8) 136(30) 124 (34)*  50(22) 37(18)  62(49) 70 (8) 5(3)* 6 (3)* 5(3)*  6(3)*
Female 74 (53) 73(9) 128(32)  113(36)  44(21) 39(18) 65 (51) 72(10)  4(2) 4(2) 3(1)  5(2)
Diabetes: Yes 27 (19) 73(8) 132(28)  115(33)  48(16) 37(14)  23(18) 74 (9) 4(2) 4(1) 42) 42
No 113(81)  71(9) 131(32)  119(36)  47(23) 38(19) 104(82)  70(9) 5(3) 5(3) 42)  6(@3)*
Hypertension: Yes 51 N N " N
No (36) 72(8) 130(30)  116(36)  46(19) 37(18) 51 (40) 74 (7) 4(2) 4(2) 4(1)* 5(2)

89 (64) 70(9) 133(32)  119(35)  48(23) 38(17) 76 (60) 69(10)  5(3) 5(3) 5(3) 6(3)

Depression: Yes 15 (11 64 (7)* "

No (11) (7 138 (18) 125 (24) 53(17) 35(12) 14 (11) 62 (8) 5(1) 5(1) 4(2) 5(2)

125(89)  72(8) 131(32)  117(36)  46(22) 38(18) 113(89)  72(8) 5(3) 5(3) 42)  6(3)

Independent sample t-test was used to detect differences between groups (mean (SD)). *Significant difference between groups, p < 0.05. ROM: range of motion; ER:

external rotation; IR: internal rotation; LR: lateral rotators; MR: medial rotators.

Results
Descriptive statistics

Within this cohort, measures of ROM were available
for 140 patients and measures of muscle strength were
available for 127 patients. The average age of patients
was 71 years (range, 47-89 years). The influence of age,
sex, and comorbidities on ROM and strength measures
one year after shoulder arthroplasty are presented
in Table 1. Patients with depression were younger
(64+7 years) than patients without depression (7248
years), men were stronger (53, 6+3, 53, & 6+3 kg
for flexors, abductors, LR & MR, respectively) and had
greater abduction ROM (124 degrees +34) than women
(4%2,4+2,3+1, 5+2 kg, & 113 + 36 degrees, for flexors,
abductors, LR, MR muscle strength, & abduction ROM,
respectively). Diabetic patients had weaker MR (52 kg)
than non-diabetes patients (63 kg), and hypertensive
patients were older (74+7 years) and had weaker
muscle strength (4+2, 4+1, & 5+2 kg for abductors,
LR and MR, respectively) than non-hypertensive
patients (5+3, 5+3, & 6+3 kg, for abductors, LR and MR,
respectively) [Table 1].

Pearson'’s correlations

Pearson’s correlation between pre-operative ROM and
ROM at one year was significant (P<0.05) with small ES
(0.2) for flexion and IR ROM. Greater pre-operative flexion
and IR ROM were associated with greater ROM at one
year. The correlation between pre-operative ROM and the
change in ROM after surgery was significant (P<0.001) with
medium to large ES (-0.3 to -0.6) for flexion, abduction, ER
and IR ROM. Worse pre-operative ROM was associated
with greater change after surgery. This give opportunity
for more profound postoperative gains.

Pearson’s correlation between pre-operative strength

and strength at one year was significant (P <0.001) with
medium to large ES (0.4 to 0.6) for flexor, abductor, LR,
and MR muscle strength. The greater pre-operative
strength was associated with greater strength at one
year. However, the lesser pre-operative strength was
associated with greater change in strength after surgery
with significant (P <0.001) medium to large ES (-0.3 to
-0.64) for flexors, abductors, LR and MR strength.
Pearson’s correlations between ROM and strength and
predictors (age, sex, and comorbidities) are summarized
in Table 2. The coefficients (ES) ranged from -0.4 to
0.01. There were significant correlations (P <0.05) with
medium to small ES among shoulder ROM and age (-0.3
to -0.2), and muscle strength and age (-0.3 to - 0.2);
indicating that these measures decrease with age. Male
patients had significant greater abduction ROM (small
ES: -0.2) and stronger shoulder muscles (medium ES:
-0.3 - -0.4) when compared to female patients. Diabetic
patients had weaker flexors, abductors, and MR muscle
strength (small ES: -0.2) when compared to non-diabetic
patients. Lastly, hypertensive patients had weaker
abductors, LR, and MR muscle strength (small ES: -0.2)
when compared to non-hypertensive patients [Table 2].

Multivariable regression analysis
Regression models of ROM

We controlled for the pre-operative flexion, abduction,
ER,andIRROMbyaddingthese measurestotheregression
models as shown in Table 3. In predicting flexion, age
was the only significant predictor of flexion ROM at one
year; indicating that with each one year increase in age,
flexion decreases by one degree. Together, all predictors
(age, sex, diabetes, hypertension, depression, and pre-
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Table 2. Pearson’s correlations between predictors and dependent factors one year following shoulder arthroplasty

Predictors
Dependent variables
Age Sex Diabetes Hypertension Depression
Shoulder ROM:
Flexion -0.3* -0.1 0.01 -0.04 0.1
Abduction -0.2* -0.2* -0.04 -0.05 0.1
External rotation -0.2% -0.1 0.02 -0.05 0.1
Internal rotation 0.02 0.1 -0.03 -0.04 -0.1
Muscle strength:
Flexors -0.2* -0.3* -0.2* -0.1 0.1
Abductors -0.3* -0.3* -0.2* -0.2* 0.04
Lateral rotators -0.3* -0.4* -0.1 -0.2* 0.02
Medial rotators -0.2* -0.4* -0.2* -0.2* -0.1

* Significant at P < 0.05. ROM: range of motion.

operative flexion ROM) explained 10% of the variability
of flexion at one year. In predicting the change in flexion,
both age and pre-operative flexion were significant
predictors. Lower pre-operative flexion was associated
with greater improvement in flexion at one year. All
predictors explained 37% of the improvement in flexion
ROM [Table 3].

Age was the only significant predictor for abduction
ROM indicating that with each one year increase in age,
abduction ROM decreases by 0.9 degree. All predictors
explained 8% of the variability in abduction ROM at one
year. In predicting the change in abduction, both age and
pre-operative abduction were significant predictors of the
improvement in the abduction ROM at one year. Less pre-
operative abduction ROM was associated with a greater
improvement in abduction. All predictors explained 30%
of the improvement in abduction ROM [Table 3].

For ER and IR ROM, pre-operative IR ROM was a

significant predictor of IR ROM. With each one degree
increase in pre-operative IR, there was a 0.5 degree
increases in IR at one year. All predictors explained
5% of the variability in ER and IR ROM. In predicting
the change in ER and IR ROM, pre-operative ER and IR
ROM were significant predictors of the improvement
in ER and IR ROM at one year, respectively. Less pre-
operative rotational ROM was associated with greater
improvement in ER and IR ROM. Together, all predictors
explained 20% and 10% of the improvements in ER and
IR ROM, respectively [Table 3].

Regression models of muscle strength

We controlled for the pre-operative flexor, abductor,
LR, and MR muscle strength by adding these measures
to the regression models as shown in Table 4. In
predicting flexor strength at one year and the change
in flexor strength, pre-operative flexor strength was the

Table 3. Regression model summary for shoulder ROM one year following shoulder arthroplasty

?ﬁgf&iﬁ“ﬁg&rmbles R R? Adj. R? SE F sig
Flexion 0.312 0.10 0.06 31 2.4 0.03
Change in flexion 0.61° 0.37 0.34 31 13 <0.001
Abduction 0.28° 0.08 0.04 35 2.0 NS
Change in abduction 0.55° 0.30 0.27 34 9 <0.001
External rotation 0.22¢ 0.05 0.005 22 1.1 NS
Change in external rotation 0.45¢ 0.20 0.17 22 5.7 <0.001
Internal rotation 0.224 0.05 0.004 18 1.1 NS
Change in internal rotation 0.314 0.10 0.06 18 2.4 0.03

Dependent variables: one-year status and change in ROM from pre-operative to one-year following shoulder arthroplasty
a Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative flexion ROM

b Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative abduction ROM

¢ Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative external rotation ROM

d Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative internal rotation ROM

ROM: range of motion
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Table 4. Regression model summary for shoulder muscle strength one year following shoulder arthroplasty

Shoulder muscle strength R R Adj. R S ¥ sig

Flexors 0.62° 0.38 0.35 2 12 <0.001
Change in flexors 0.65° 0.43 0.40 2 15 <0.001
Abductors 0.55° 0.31 0.27 2 9 <0.001
Change in abductors 0.60° 0.36 0.33 2 11 <0.001
Lateral rotators 0.54¢ 0.29 0.25 2 8 <0.001
Change in lateral rotators 0.49¢ 0.24 0.20 2 6 <0.001
Medial rotators 0.53¢ 0.28 0.24 2 8 <0.001
Change in medial rotators 0.614 0.38 0.35 2 12 <0.001

Dependent variables: one-year status and change in muscle strength from pre-operative to one-year following shoulder arthroplasty
a Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative flexors strength

b Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative abductors strength

¢ Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative Lateral rotators strength

d Predictors: (constant), age, sex, hypertension, diabetes, depression, pre-operative Medial rotators strength

only significant predictor of these dependent variables;
indicating that patients with stronger pre-operative
flexors had less improvement in flexor strength at one
year postoperatively. All predictors explained 43% of the
improvement of flexor strength one year postoperatively
[Table 4].

In predicting abduction strength at one year and the
change in abductors strength, age, sex, and pre-operative
abductor strength were the only significant predictors.
With each one year increase in age, abductor strength
decreases by 0.06 kg; men had stronger abductors
(0.9 kg) than women; and patients with stronger pre-
operative abductors had less improvement in abductor
strength at one year. All predictors explained 36%
of the improvement in abductors strength one year
postoperatively [Table 4].

Age, sex, and pre-operative LR strength were significant
predictors of LR strength at one year and the change in
LR strength. Each one year increase in age was associated
with a 0.05 kg decrease in LR strength, men had stronger
LR (one kg) than women, and patients with stronger pre-
operative LR had less improvement in LR strength. All
predictors explained 24% of the variability in LR muscle
strength one year after surgery [Table 4].

Lastly, sex and pre-operative MR strength were
significant predictors of MR strength at one year and the
change in MR strength. Men were stronger (1.4 kg) than
women, and stronger pre-operative MR was associated
with less improvement in MR strength. Together, all
predictors explained 38% of the improvement in MR
muscle strength at one year postoperatively [Table 4].

Discussion

This study found that pre-operative ROM and muscle
strength measures are important factors (ES=0.3 for
ROM & 0.64 for muscle strength ) in determining the
overall improvement in shoulder ROM and muscle
strength one year following shoulder arthroplasty.

Greater pre-operative ROM and muscle strength are
associated with greater ROM and strength one year after
shoulder arthroplasty. Further, less pre-operative ROM
and strength are associated with greater postoperative
change and improvement in ROM and muscle strength.
This indicates that patients with worse pre-operative
ROM and strength have more room to improve; however,
those patients are not expected to achieve the same
results as patients who have better ROM and muscle
strength pre-operatively.

In this study, younger age is associated with greater
flexion and abduction ROM and stronger abductors and
LR muscles as well as greater change or improvement
in these measures one year postoperatively. Further,
males are expected to get stronger abductors, LR, and
MR muscle strength and greater change in strength from
preoperative to one year after shoulder arthroplasty.

Indeed, although pre-operative flexion, abduction, and
ER are not significant factors in predicting shoulder ROM
status at one year, these measures predicted the change
in shoulder ROM following shoulder arthroplasty;
suggesting that patients with lesser pre-operative
flexion, abduction, and ER ROM are expected to gain
greater improvements in shoulder ROM postoperatively.
However, pre-operative IR ROM is significantly
associated with greater IR at one year status but with
less change in IR ROM after surgery.

These findings are consistent with the study of lannotti
& Norris (n=118) who found that pre-operative flexion
ROM did not predict postoperative flexion four years
after shoulder arthroplasty (6). Further, Levy et al.
(n=230) reported that pre-operative IR ROM significantly
predicted postoperative IR ROM one year following
TSA (4). On the contrary, previous research found that
pre-operative flexion, abduction and ER ROM were
significantly associated with greater postoperative
ROM (4, 5). These contradictions might be related to
the differences in the inclusion criteria and the various
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sample size.

Although Iannotti & Norris found that pre-operative
ER ROM is a significant predictor of the change in ER
ROM after surgery, which concurs with our study, the
authors reported that pre-operative ER ROM of less
than 10 degrees was associated with less improvement
in postoperative ER ROM (6). Our results show the
opposite; less pre-operative ER ROM is associated
with greater improvement in ER ROM one year after
shoulder arthroplasty. In our previous paper, which
summarized the improvements in ROM following
shoulder arthroplasty, the average of pre-operative ER
ROM was (22 +12 degrees), indicating that the majority
of our patients had an ER ROM greater than 10 degrees
(7). This might explain the conflicting findings.

In our previous research, we reported a significant
improvement in shoulder strength one year following
shoulder arthroplasty (7). In this paper, we showed that
pre-operative muscle strength is a significant predictor
of postoperative strength, and stronger pre-operative
muscles are associated with less improvement. We
could not find previous research examining the
prediction effect of pre-operative muscle strength on
the postoperative strength; therefore, no comparisons
are made.

Previous research has demonstrated a loss of shoulder
ROM and muscle strength with age (14, 15). Age-related
sarcopenia or loss in muscle mass can be compounded
by disuse atrophy due to arthritis or an incomplete
resolution of symptoms following surgery. In the present
study, older age is associated with less shoulder flexion
and abduction ROM as well as a lower strength in the
abductors and LR strength status at one year. Besides,
older age is associated with smaller improvements
in flexion and abduction ROM as well as with less
improvementin strength following shoulder arthroplasty.
The association of age with strength, motion and the
amount of improvement at one year suggests that both
direct and indirect age-related mechanisms are involved.
Not all studies concur with ours, as Schwartz et al. study
found no significant relationship between age and ROM
one year follow-up in 540 patients undergoing reverse
shoulder arthroplasty (5). Variations in ROM measuring
techniques, the use of a digital goniometer and asking
patients not to go beyond the point of pain may have
contributed to this variation (5).

In our study, statistically significant greater shoulder
strength and greater improvements in strength are
associated with male sex, suggesting that men gain more
shoulder strength one year after shoulder arthroplasty.
Since men have substantially more upper body strength
than women this may explain these findings as a sex-
based difference. However, gender differences in
activities that men and women engage in may also affect
recovery patterns. However, sex was not a significant
predictor of postoperative ROM, contradicting the
findings of Schwartz et al. which reported significantly
greater shoulder ROM in their male patients one year
following reverse shoulder arthroplasty (5).

Comorbidities of diabetes, hypertension, and
depression are not significant factors in predicting
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shoulder ROM and strength at one year and are not
associated with the changes in these measures. This is
consistent with our previous research, in which these
comorbidities were not significant factors in predicting
shoulder pain and function as well as physical health
status (16). Our findings are inconsistent with the Levy
et al. study who reported that diabetes was a significant
factor in predicting shoulder IR ROM (4). However, we
found a significant correlation between diabetes and
flexors, abductors and MR strength as well as between
hypertension and abductors, LR, and MR strength,
suggesting that diabetic and hypertensive patients
may suffer from weaker muscles following shoulder
arthroplasty. Previous research had reported a higher
prevalence of chronic diseases among older people (17).
Hence, weaker muscles after shoulder arthroplasty could
be related to ageing rather than to the actual presence of
comorbidities.

Possible implications of these associations include
investigating the benefits of pre-rehab approaches that
attempt to improve strength and motion pre-operatively.
Alternatively, older adults with arthritic symptoms that
limit the effectiveness of pre-rehab may require longer
or appropriately targeted rehabilitation. The clinical
implications of these findings are speculative since only
clinical trials comparing different solutions can identify if
predictors are modifiable. Otherwise, the predictors can
only be confidently used to help patients understand the
probability they will achieve a specific outcome.

Strengths and limitations

Our study provided new insights about the effect
of pre-operative ROM, pre-operative strength, age,
sex, and comorbidities on one year postoperative
shoulder ROM and strength status and clinical
benefits after shoulder arthroplasty. This study was a
large prospective cohort of patients who underwent
shoulder arthroplasty. Shoulder ROM and strength
were objectively measured using validated and
reliable instruments. Further, in some of our models,
the explained improvements in shoulder ROM and
strength were large, which makes them useful for
clinical prognostication. However, our study has some
limitations. The data was collected in a single-specialty
upper extremity program and may not be generalized
to other practices. In addition, we did not control for
other factors such as the quality and types of implant,
postoperative complications, and neck ROM that might
affect the improvement in shoulder ROM and muscle
strength after shoulder arthroplasty. Lastly, controlling
for age and body weight may provide a better estimate
of the differences in muscle strength between men
and women. In our study, we measured and reported
absolute but not relative muscle strength (dividing
muscle strength by body weight).

This study found that less pre-operative ROM and
weak shoulder muscles are significantly associated
with greater improvement and surgical benefits one
year after shoulder arthroplasty. Further, young age and
male sex are associated with greater surgical benefits.
Furthermore, the presence of comorbidities does not
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impact the final ROM and strength status at one year
postoperative and the amount of improvement gained
with surgery. Detecting factors that affect clinical
outcomes can assist clinicians in providing realistic
expectations about the expected final outcome following
shoulder arthroplasty. Studies are required to examine
the effect of these factors, such as muscle strength, on
clinical outcomes after surgery.

Acknowledgments

Dr. Joy C MacDermid was supported by a CIHR Chair in
Gender, Work and Health and the Dr. James Roth Research
Chair in Musculoskeletal Measurement and Knowledge
Translation during the conduct of this study. CIHR FRN:
SCA-145102

PREDICTORS OF SHOULDER ARTHROPLASTY

Declaration of interest: The authors report no conflict
of interest concerning the materials or methods used in
this study or the findings specified in this paper.

Sanaa Atyah Alsubheen PhD!

Joy Christine MacDermid PhD*2

Kenneth John Faber MD?

Tom James Overend PhD!?

1 School of Physical Therapy, Western University,
London, Ontario, Canada

2 Roth|McFarlane Hand and Upper Limb Centre, St.
Joseph’s Health Care London, London, Ontario, Canada

References

. Association AO. National joint replacement
registry: Hip, knee & shoulder arthroplasty. 2018.
Available from: https://aoanjrr.sahmri.com/
documents/10180/576950/Hip%2C Knee %26
Shoulder Arthroplasty

Orfaly RM, Rockwood CA, Esenyel CZ, Wirth MA. A
prospective functional outcome study of shoulder
arthroplasty for osteoarthritis with an intact rotator
cuff. ] Shoulder Elb Surg. 2003;12(3):214-21.

. Matsen III FA, Antoniou ], Rozencwaig R, Campbell B,
Smith KL. Correlates with comfort and function after
total shoulder arthroplasty for degenerative joint
disease. ] Shoulder Elb Surg. 2000;9(6):465-9.

Levy JC, Ashukem MT, Formaini NT. Factors
predicting postoperative range of motion for
anatomic total shoulder arthroplasty. ] Shoulder Elb
Surg. 2016;25(1):55-60.

. Schwartz DG, Cottrell BJ, Teusink M], Clark RE,
Downes KL, Tannenbaum RS, et al. Factors that
predict postoperative motion in patients treated
with reverse shoulder arthroplasty. ] shoulder Elb
Surg. 2014;23(9):1289-95.

lannotti JP, Norris TR. Influence of preoperative
factors on outcome of shoulder arthroplasty for
glenohumeral osteoarthritis. JBJS. 2003;85(2):251-8.
Alsubheen SA, MacDermid JC, Overend TJ, Faber
KJ. Does diabetes affect functional outcomes after
shoulder arthroplasty? ] Clin Orthop Trauma.
2019;10(3):544-9.

Cools AM, De Wilde L, Van Tongel A, Ceyssens C,
Ryckewaert R, Cambier DC. Measuring shoulder
external and internal rotation strength and range
of motion: comprehensive intra-rater and inter-
rater reliability study of several testing protocols. ]

shoulder Elb Surg. 2014;23(10):1454-61.

MacDermid JC, Chesworth BM, Patterson S, Roth JH.

Intratester and intertester reliability of goniometric

measurement of passive lateral shoulder rotation. ]

Hand Ther. 1999;12(3):187-92.

10.Sabari ]S, Maltzev I, Lubarsky D, Liszkay E, Homel P.
Goniometric assessment of shoulder range of motion:
comparison of testing in supine and sitting positions.
Arch Phys Med Rehabil. 1998;79(6):647-51.

11.Roy J-S, MacDermid ]JC, Orton B, Tran T, Faber K],
Drosdowech D, et al. The concurrent validity of a
hand-held versus a stationary dynamometer in
testing isometric shoulder strength. ] Hand Ther.
2009;22(4):320-7.

12.Dollings H, Sandford F, O’conaire E, Lewis |S. Shoulder
strength testing: the intra-and inter-tester reliability
of routine clinical tests, using the PowerTrackTM II
Commander. Shoulder Elb. 2012;4(2):131-40.

13.Field A. Discovering statistics using IBM SPSS
statistics. 4th ed. London,UK: Sage; 2013.

14.Barnes CJ, Van Steyn S, Fischer RA. The effects of age,
sex, and shoulder dominance on range of motion of
the shoulder. ] Shoulder Elb Surg. 2001;10(3):242-6.

15.Hughes RE, Johnson ME, O’Driscoll SW, An K-N.
Age-related changes in normal isometric shoulder
strength. Am ] Sports Med. 1999;27(5):651-7.

16.Alsubheen SA, MacDermid JC, Overend TJ], Faber
KJ. Predictors of Clinical Benefits and One-
Year Functional Outcomes Following Shoulder
Arthroplasty. lowa Orthop J. 2019;39(1):69.

17.Yu W, Ravelo A, Wagner TH, Barnett PG. The
relationships among age, chronic conditions, and
healthcare costs. Am ] Manag Care. 2004;10(12):
909-16.



