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Background: The incidence of rotator cuff tears increases with age, and operative management is usually required in patients with
persistent symptoms. Although several studies have analyzed the effect of age and comorbidities on outcomes after rotator cuff
repair, no study has specifically examined the consequence of frailty.

Purpose: To determine the best frailty/comorbidity index for predicting functional outcomes after arthroscopic rotator cuff repair.

Study Design: Cohort study; Level of evidence, 3.

Methods: The authors conducted a retrospective cohort study of 340 consecutive patients who underwent unilateral arthroscopic
rotator cuff repair at a tertiary hospital between April 2016 and April 2018. All patients had undergone arthroscopic double-row
rotator cuff repair with subacromial decompression by a single fellowship-trained shoulder surgeon. Patient frailty was measured
using the Modified Frailty Index (MFI), Clinical Frailty Scale (CFS), and Charlson Comorbidity Index (CCI), calculated through
retrospective chart review based on case notes made just before surgery; patient age and sex were also noted preoperatively.
Functional outcomes using the Oxford Shoulder Score (OSS), Constant Shoulder Score (CSS), University of California Los Angeles
(UCLA) Shoulder Score, and visual analog scale for pain were measured preoperatively and at 3, 6, 12, and 24 months
postoperatively.

Results: The MFI was a consistent significant predictor in all functional outcome scores up to 24 months postoperatively (P< .05),
unlike the CFS and CCI. Sex was also a significant predictor of postoperative OSS, CSS, and UCLA Shoulder Score, with male sex
being associated with better functional outcomes. Patients with higher MFI scores had slower functional improvement postop-
eratively, but they eventually attained functional outcome scores comparable with those of their counterparts with lower MFI
scores at 24 months postoperatively.

Conclusion: The MFI was found to be a better tool for predicting postoperative function than was the CFS or CCI in patients
undergoing arthroscopic rotator cuff repair. The study findings suggest that a multidimensional assessment of frailty (including
both functional status and comorbidities) is important in determining functional outcomes after arthroscopic rotator cuff repair.
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The incidence of rotator cuff tears increases with age37

and has been mainly attributed to chronic attritional
changes as part of the degenerative process of aging.21 The
operative management of rotator cuff tears is usually
required in patients with persistent symptoms, despite
physical therapy and analgesia. However, older patients
often have comorbidities that may impair healing and

complicate surgery.40 They also tend to have more gener-
alized medical issues and shoulder dysfunction,16 which
can adversely affect healing of the repaired tendon. Previ-
ous studies have shown a decrease in the healing rate
related to advanced age and that impaired healing of the
rotator cuff results in poorer functional outcomes after
surgery.6,13,40

Although several studies have analyzed the effect of age
and comorbidities on outcomes after rotator cuff repair, no
study has specifically examined the consequence of frailty.
Frailty is defined as an aging-associated decline in
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multisystem physiologic reserve and function44 that gives
rise to vulnerability.19 In general surgery, frailty has been
shown to be an independent predictor of mortality28 and
adverse surgical outcomes, including increased postopera-
tive complications and length of hospital stay.19 The degree
of frailty may differ significantly among patients of the
same chronologic age, making frailty an important consid-
eration when attempting to analyze the effect of age on
postoperative outcomes.34,39,44 There are currently several
scoring systems available to assess frailty, including the
Modified Frailty Index (MFI), Clinical Frailty Scale (CFS),
and Charlson Comorbidity Index (CCI). However, the cor-
relation and association between these scoring systems and
postoperative functional outcomes after arthroscopic rota-
tor cuff repair have yet to be studied.

The aim of this study was to determine the best frailty/
comorbidity index for predicting functional outcomes after
arthroscopic rotator cuff repair. We hypothesized that the
MFI would be a better predictor of postoperative functional
outcomes than would the CFS and CCI in patients under-
going arthroscopic rotator cuff repair, as it uses a multidi-
mensional approach that takes into account both the
functional independence and the comorbidities of patients.

METHODS

Study Design and Patient Cohort

We conducted a retrospective cohort study of consecutive
patients who underwent unilateral rotator cuff repair sur-
gery at a tertiary hospital between April 2016 and April
2018. The study was approved by an institutional review
board before commencement, with informed consent from
all patients. Inclusion criteria were patients aged 21 years
or older with a full-thickness supraspinatus tear documen-
ted on preoperative shoulder ultrasonography or shoulder
magnetic resonance imaging and failure of conservative
management. Patients with partial-thickness rotator cuff
tears, traumatic tears, isolated subscapularis tears, or con-
comitant adhesive capsulitis or glenohumeral instability
were excluded from this study.

All patients, while under general anesthesia, underwent
arthroscopic double-row rotator cuff repair with subacro-
mial decompression by a single fellowship-trained shoulder
surgeon (D.T.T.L.). The presence of concomitant long head
of the biceps tendon injury was treated with concomitant
biceps tenodesis during the surgery. Their surgeries were
performed in the beach-chair position using standard pos-
terior, anterior, and lateral arthroscopic portals.

All patients underwent the same standardized and
supervised postoperative rehabilitation protocol. They used
an arm sling and started pendulum exercises. Use of the
sling was discontinued at 4 weeks, and active shoulder
range of motion (ROM) was started. Strengthening exer-
cises were started at 8 weeks after surgery.

Outcome Measures

All patients underwent the relevant preoperative investi-
gations including basic laboratory blood tests, electrocar-
diogram, and chest radiographs. Patient assessment was
performed by an independent health care professional pre-
operatively and at 3, 6, 12, and 24 months postoperatively.
Preoperative age, sex, American Society of Anesthesiolo-
gists (ASA) status, and presence of concomitant biceps
pathology were recorded as predictors for the outcomes.
These factors have been shown to be associated with poorer
postoperative outcomes in patients undergoing arthro-
scopic rotator cuff repair.6,13,16,31,40 Degrees of forward flex-
ion and abduction of the affected shoulder were also
measured. The Oxford Shoulder Score (OSS), Constant
Shoulder Score (CSS), University of California Los Angeles
(UCLA) Shoulder Score, and visual analog scale (VAS) for
pain were used to assess patient-reported outcomes.

The OSS is a validated patient-based questionnaire
designed to assess the outcome of all shoulder surgeries
except for instability surgery.24 The CSS, developed by
Constant and Murley,11 is a 100-point scale that consists
of subjective and objective variables used to assess the func-
tion of the shoulder. These are divided into 4 subscales: (1)
pain (15 points), (2) activities of daily living (20 points), (3)
strength (25 points), and (4) ROM of the shoulder (40 points).
The combined total score ranges from 12 to 60, with a higher
score indicating a greater degree of disability. The UCLA
Shoulder Score4 is a combined subjective and objective
patient survey that assesses 5 main domains: (1) pain, (2)
function, (3) active forward flexion, (4) forward flexion
strength, and (5) overall satisfaction. The VAS assesses pain
in the involved shoulder on a scale ranging from 0 to 10, with
0 points representing no pain at all and 10 points represent-
ing the worst pain ever experienced.

Frailty Scores

The frailty indices for each patient were calculated using ret-
rospective chart review based on preoperative case notes just
before surgery. The MFI was calculated based on the Cana-
dian Study of Health and Aging Frailty Index and validated
using the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) database.20,29
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It uses an 11-factor scoring system based on the patient’s past
medical history and functional status (Table 1). Scores are
calculated by totaling the number of factors present in the
patient and dividing the sum by the total number of factors
(n/11).32 Based on the MFI score, the patients were stratified
into 5 groups: (1) 0 (0 factors), (2) 0.09 (1 factor), (3) 0.18 (2
factors), (4) 0.27 (3 factors), and (5) �0.36 (�4 factors).

The CFS is a descriptive ordinal score ranging from 1 (very
fit) to 9 (terminally ill) (Table 2). The score can be further
categorized into robust (scores 1-3), prefrail (score 4), and frail
(scores5-9) accordingtotheprimary studyofRockwoodetal.30

The CCI7 is a frailty scoring system that evaluates the
patient base on the presenting comorbidities and was
designed to help predict mortality. Each comorbidity is
assigned different scores (Table 3) that are summed to
obtain the final score. Patients were stratified into 1 of 4
groups based on their final CCI score: 0, 1, 2 or �3.

Statistical Analysis

Statistical analysis was carried out using SPSS Version 19.0
(IBM Corp), and the level of significance was taken as a ¼ .05
for all comparisons. One-way analysis of variance or an inde-
pendent t test was used to analyze continuous variables includ-
ing age, OSS, CSS, UCLA Shoulder Score, and VAS score,
while the Pearson chi-square test was used to analyze categor-
ical variables such as sex, ASA status, and side of surgery.

A linear regression analysis was used to analyze each
individual preoperative variable on postoperative func-
tional outcome scores. Covariates with P < .2 in the linear
regression were entered into the final multiple linear
regression analyses. The number of patients in each MFI
group in the present study possessed >99% power with a
type 1 error of .05. This analysis confirmed that the present
study was adequately powered.

RESULTS

Patient Characteristics

From the electronic medical record, there were 340 cases of
arthroscopic rotator cuff repair between April 2016 and

April 2018. The preoperative descriptive data, shoulder char-
acteristics, and outcome scores of the study patients are
shown in Tables 4 to 6. The majority of patients were women
(55.3%), and the mean ± standard deviation age of the study
group was 58.5 ± 11.6 years. Patients who had a higher MFI
tended to be older and have a higher ASA status; lower ROM;
and lower OSS, CSS, UCLA Shoulder Score, and VAS score
preoperatively. Patients who were more frail based on CFS
scoring tended tobeolder and havea higher ASAstatus, lower
OSS, and lower UCLA Shoulder Score preoperatively. There
was no significant difference in characteristicsamong theCCI
groups. No patient died, and all patients completed follow-up.

Predictors of Postoperative Functional Outcomes

The multiple linear regression analyses of significant pre-
dictors of functional outcomes are presented in Table 7. The

TABLE 1
The 11 Factors of the Modified Frailty Indexa

History of diabetes mellitus
History of congestive heart failure
History of hypertension requiring medication
History of either transient ischemic attack or cerebrovascular

accident
Functional status 2 (not independent)
History of myocardial infarction
History of either peripheral vascular disease or rest pain
History of cerebrovascular accident with neurological deficit
History of either COPD or pneumonia
History of either prior PCI, PCS, or angina
History of impaired sensorium

aCOPD, chronic obstructive pulmonary disease; PCI, percuta-
neous coronary intervention; PCS, prior cardiac surgery.

TABLE 2
Clinical Frailty Scorea

Score Fitness Level Description

1 Very fit People who are robust, active, energetic,
and motivated. These people commonly
exercise regularly. They are among the
fittest for their age.

2 Well People who have no active disease
symptoms but are less fit than are those
in category 1. Often, they exercise or are
very active occasionally (eg, seasonally).

3 Managing
well

People whose medical problems are well
controlled but who are not regularly
active beyond routine walking.

4 Vulnerable While not dependent on others for daily help,
symptoms often limit their activities. A
common concern is being “slowed up” and/
or being tired during the day.

5 Mildly frail These people often have more evident
slowing and need help in high-order
IADLs (finances, transportation, heavy
housework, medications). Typically,
mild frailty progressively impairs
shopping and walking outside alone,
meal preparation, and housework.

6 Moderately
frail

People need help with all outside activities
and with keeping house. Inside, they
often have problems with stairs, need
help with bathing, and might need
minimal assistance (cuing, standby)
with dressing.

7 Severely frail Completely dependent for personal care,
from whatever cause (physical or
cognitive). Even so, they seem stable and
not at high risk of dying (within 6 mo).

8 Very severely
frail

Completely dependent, approaching the
end of life. Typically, they could not
recover even from a minor illness.

9 Terminally ill Approaching the end of life. This category
applies to people with a life expectancy
<6 mo who are not otherwise evidently
frail.

aIADL, instrumental activities of daily living.
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MFI was a consistent significant predictor in all functional
outcome scores up to 24 months postoperatively. The CFS
was significant only in predicting the 1-year CSS, UCLA
Shoulder Score, and VAS score. Furthermore, the unstan-
dardized beta coefficient of the CFS showed lower associa-
tion when compared with the MFI. The CCI was not a
significant predictor in any of the multiple linear regression
models. Sex was also significant in predicting postoperative

OSS, CSS, and UCLA Shoulder Score functional outcome
scores, with male sex noted to be associated with better
functional outcomes. Age and ASA class were generally not
significant in predicting postoperative functional outcome
scores up to 24 months after arthroscopic rotator cuff
repair.

When postoperative functional scores were compared
across the 5 MFI groups (Table 8), there were significant
differences among the groups at 6 and 12 months postoper-
atively in terms of OSS, CSS, UCLA Shoulder Score, and
VAS pain score, with higher MFI scores being associated
with poorer outcomes. When postoperative functional
scores were compared between men and women (Table 9),
there were significant differences between the groups in
terms of OSS, CSS, and UCLA Shoulder Score, up to 24
months postoperatively, with male sex being associated
with better functional outcomes.

DISCUSSION

This study was designed to evaluate the 3 frailty and
comorbidity scores to identify the best predictor for postop-
erative functional outcomes after arthroscopic rotator cuff
repairs. We found that the MFI was a better predictor for
the majority of the postoperative functional outcome scores
than were the CFS and CCI, which had low or no significant
influence on the postoperative functional outcome scores.
Male sex was also noted to be a significant predictor of
better long-term functional outcome scores.

One explanation for the main finding in this study is the
difference in the approaches among the MFI, CFS, and CCI
in quantifying the frailty status of a patient. The MFI uses

TABLE 3
Charlson Comorbidity Index

Comorbidity Weighted Score

Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
Chronic pulmonary disease 1
Connective tissue disease 1
Ulcer disease 1
Mild liver disease 1
Diabetes 1
Hemiplegia 1
Moderate or severe renal disease 1
Diabetes with end-organ damage 2
Any tumor 2
Leukemia 2
Lymphoma 2
Moderate or severe liver disease 3
Metastatic solid tumor 6
Acquired immunodeficiency syndrome 6

TABLE 4
Preoperative Characteristics of the Study Patients by Frailty and Comorbidity Scoresa

Sex Side Affected

Age, y Male Female Right Left

Overall 58.5 ± 11.6 44.7 (152) 55.3 (188) 59.4 (202) 40.6 (138)
Modified Frailty Index

0 54.5 ± 11.8 48.0 (73) 50.5 (95) 48.0 (97) 51.4 (71)
0.09 61.6 ± 9.9 27.0 (41) 27.7 (52) 27.2 (55) 27.5 (38)
0.18 62.7 ± 10.1 14.5 (22) 16.0 (30) 16.3 (33) 13.8 (19)
0.27 63.4 ± 9.6 9.2 (14) 5.3 (10) 7.4 (15) 6.5 (9)
�0.36 73.6 ± 1.4 1.3 (2) 0.5 (1) 1.0 (2) 0.7 (1)
P value <.001 .621 .95

Clinical Frailty Scale
Frail 61.6 ± 11.7 19.1 (29) 22.3 (42) 22.3 (45) 18.8 (26)
Prefrail 60.6 ± 9.5 42.1 (64) 48.9 (92) 45.5 (92) 46.4 (64)
Robust 53.7 ± 11.6 38.8 (59) 28.7 (54) 32.2 (65) 34.8 (48)
P value <.001 .145 .725

Charlson Comorbidity Index
0 59.4 ± 10.5 71.7 (109) 60.1 (113) 65.8 (133) 64.5 (89)
1 56.1 ± 14.4 15.8 (24) 23.9 (45) 20.3 (41) 20.3 (28)
2 58.0 ± 11.8 7.9 (12) 10.6 (20) 9.4 (19) 9.4 (13)
�3 56.8 ± 10.8 4.6 (7) 5.3 (10) 4.5 (9) 5.8 (8)
P value .185 .155 .957

aData are presented as mean ± SD or % (n). Bolded P values indicate a statistically significant difference between groups (P < .05).
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a multidimensional approach that takes into account both
the functional independence and comorbidities of patients.2

This provides a holistic assessment of a patient’s status and
health and is currently recommended by the ACS NSQIP
best-practice guidelines for frailty assessment before sur-
gery.10 Furthermore, the MFI has more categories than
does the CCI, which allows for better risk stratification and
differentiation of sicker patients with poorer prognosis. In
contrast, the CFS uses a disability approach,2 while the
CCI focuses only on the number and type of coexisting med-
ical problems7 and has fewer categories than does the MFI.
In addition, the CCI assigns acquired immunodeficiency
syndrome a weighted score of 6, which may be overstating
comorbidity if the patient is receiving antiviral treatment.
Our present findings suggest the importance of a holistic
assessment of frailty and that both functional status and
comorbidities of patients play a role in influencing out-
comes of rotator cuff repair. Better preoperative functional
status and overall health would allow the patient to start
postoperative rehabilitation earlier or perform the exer-
cises more effectively, thus allowing better functional
recovery and ROM postoperatively.15 Conversely, poorer
preoperative functional status and health would increase
recovery time, and frailer patients might take longer to
recover. This knowledge will be useful for predicting
patient prognosis and individualized counseling on the
expected postoperative recovery time.

Our results suggest that advanced age is a poor indicator
of postoperative functional outcomes. Recent studies have
shown that patients>75 years have excellent postoperative
outcomes after arthroscopic rotator cuff repairs, compara-
ble with their younger counterparts.26,42 Frailty, as

TABLE 5
Preoperative Shoulder Characteristics and ASA Status of the Study Patients by Frailty and Comorbidity Scoresa

ASA Status

Biceps Pathology I II III Forward Flexion, deg Abduction, deg

Overall 17.9 (61) 17.1 (58) 71.8 (244) 11.2 (38) 100.0 ± 36.1 88.6 ± 39.7
Modified Frailty Index

0 50.8 (31) 98.3 (57) 43.0 (105) 15.8 (6) 105.5 ± 33.9 93.9 ± 38.4
0.09 24.6 (15) 1.7 (1) 34.4 (84) 21.1 (8) 91.4 ± 37.2 80.7 ± 37.4
0.18 18.0 (11) 0 16.8 (41) 28.9 (11) 105.8 ± 34.2 91.5 ± 43.4
0.27 6.6 (4) 0 5.3 (13) 28.9 (11) 88.3 ± 41.8 79.6 ± 44.0
�0.36 0 0.4 (1) 5.3 (2) 58.0 ± 34.0 59.7 ± 27.5
P value .864 <.001 .002 .044

Clinical Frailty Scale
Frail 21.3 (13) 0 18.0 (44) 71.1 (27) 91.4 ± 38.1 85.1 ± 40.8
Prefrail 62.3 (38) 10.3 (6) 57.0 (139) 28.9 (11) 99.5 ± 35.7 87.8 ± 39.5
Robust 16.4 (10) 89.7 (52) 25.0 (61) 0 106.0 ± 34.7 91.8 ± 39.3
P value .005 <.001 .030 .517

Charlson Comorbidity Index
0 63.9 (39) 65.5 (38) 66.4 (162) 57.9 (22) 99.4 ± 38.0 88.3 ± 41.5
1 18.0 (11) 20.7 (12) 19.7 (48) 23.7 (9) 99.8 ± 33.7 87.5 ± 36.7
2 11.5 (7) 8.6 (5) 10.2 (25) 5.3 (2) 106.2 ± 29.6 96.1 ± 35.4
�3 6.6 (4) 5.2 (3) 3.7 (9) 13.2 (5) 97.7 ± 33.1 83.6 ± 35.0
P value .824 .282 .794 .697

aData are presented as mean ± SD or % (n). Bolded P values indicate a statistically significant difference between groups (P < .05). ASA,
American Society of Anesthesiologists.

TABLE 6
Preoperative Outcome Scores of Study Patients by Frailty

and Comorbidity Scoresa

OSS CSS

UCLA
Shoulder

Score VAS

Overall 31.8 ± 11.1 42.7 ± 19.1 15.8 ± 4.6 6.6 ± 2.4
Modified Frailty

Index
0 29.7 ± 9.5 46.9 ± 18.1 16.9 ± 4.1 6.1 ± 2.5
0.09 33.2 ± 11.5 38.7 ± 19.1 14.8 ± 4.9 7.1 ± 2.1
0.18 34.0 ± 12.1 40.2 ± 19.5 15.2 ± 4.8 6.9 ± 2.2
0.27 35.0 ± 12.7 37.4 ± 19.0 14.4 ± 4.6 7.0 ± 2.1
�0.36 45.7 ± 20.5 21.5 ± 14.8 9.0 ± 3.6 8.3 ± 1.5
P value .003 .001 <.001 .004

Clinical Frailty
Scale

Frail 35.7 ± 11.6 39.2 ± 18.4 14.6 ± 4.6 6.9 ± 2.3
Prefrail 32.1 ± 11.5 42.1 ± 19.7 15.5 ± 4.7 6.6 ± 2.4
Robust 29.0 ± 9.2 45.7 ± 18.3 17.0 ± 4.2 6.2 ± 2.4
P value <.001 .073 .001 .161

Charlson
Comorbidity
Index

0 31.4 ± 11.2 43.2 ± 20.3 15.9 ± 4.8 6.5 ± 2.4
1 33.7 ± 11.5 42.0 ± 18.3 15.8 ± 4.7 6.7 ± 2.3
2 31.0 ± 10.3 42.1 ± 14.8 15.7 ± 4.0 6.8 ± 2.8
�3 31.1 ± 9.1 40.5 ± 13.4 16.0 ± 2.7 6.5 ± 1.9
P value .465 .922 .994 .757

aData are presented as mean ± SD. Bolded P values indicate a
statistically significant difference between groups (P < .05). CSS,
Constant Shoulder Score; OSS, Oxford Shoulder Score; UCLA, Uni-
versity of California Los Angeles; VAS, visual analog scale for pain.
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TABLE 7
Multiple Linear Regression Analysis of Predictive Factors on the Postoperative Functional Outcome Scoresa

Unstandardized B

Postoperative Outcome Score Age Sex Biceps Pathology ASA Status CFS MFI CCI

OSS
3 mo — –4.914 — — — — —
6 mo — –2.733 — — — 23.230 —
12 mo — –2.585 — — — 19.267 —
24 mo — –2.913 — — — 12.962 —

CSS
3 mo — 5.880 4.534 — — — —
6 mo — 7.939 — — — –55.198 —
12 mo — 4.836 — — 4.923 –33.688 —
24 mo –0.281 8.220 — — — — —

UCLA Shoulder Score
3 mo 0.056 2.670 — — — –7.106 —
6 mo — 1.710 — — — –11.445 —
12 mo — — — — 1.251 –11.596 —
24 mo — 1.593 — — — — —

VAS
3 mo — — — — — 3.281 —
6 mo — –0.572 — — — 4.730 —
12 mo — — — — –0.523 5.413 —
24 mo — –0.657 — — — — —

aBolded values indicate statistical significance (P < .05). Dashes indicate independent variables with P> .2 in the single linear regression
that were omitted from the multiple linear regression model. ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index;
CFS, Clinical Frailty Scale; CSS, Constant Shoulder Score; MFI, Modified Frailty Index; OSS, Oxford Shoulder Score; UCLA, University of
California Los Angeles; VAS, visual analog scale for pain.

TABLE 8
Comparison of Postoperative Functional Scores Across Modified Frailty Index Groupsa

Postoperative Outcome Score

Modified Frailty Index

P Value0 0.09 0.18 0.27 �0.36

OSS
3 mo 28.6 ± 10.1 29.3 ± 11.4 27.1 ± 10.9 33.6 ± 14.5 37.3 ± 8.6 .117
6 mo 20.5 ± 8.3 21.9 ± 10.3 22.1 ± 10.7 27.4 ± 14.7 40.7 ± 16.0 .001
12 mo 16.2 ± 5.9 17.3 ± 7.3 18.2 ± 7.7 22.1 ± 14.6 27.0 ± 4.2 .014
24 mo 15.2 ± 6.0 15.5 ± 6.2 16.8 ± 7.8 15.9 ± 9.1 26.0 ± 19.8 .203

CSS
3 mo 40.6 ± 17.3 39.5 ± 16.3 44.7 ± 16.8 33.7 ± 17.0 31.5 ± 24.1 .117
6 mo 60.2 ± 15.3 56.9 ± 17.8 53.6 ± 17.0 46.6 ± 21.2 20.2 ± 9.6 <.001
12 mo 70.5 ± 12.9 68.1 ± 13.0 64.5 ± 16.0 57.3 ± 21.3 41.3 ± 14.5 <.001
24 mo 72.3 ± 12.4 70.8 ± 13.3 70.4 ± 15.4 70.1 ± 15.6 59.0 ± 17.0 .654

UCLA Shoulder Score
3 mo 20.2 ± 5.7 20.0 ± 5.8 20.6 ± 5.7 17.7 ± 7.0 19.7 ± 7.8 .370
6 mo 24.9 ± 5.8 24.2 ± 6.2 24.0 ± 6.1 22.6 ± 8.0 12.3 ± 4.6 .007
12 mo 28.6 ± 5.4 28.2 ± 4.9 26.7 ± 5.6 24.4 ± 8.2 16.5 ± 3.5 .002
24 mo 28.8 ± 5.1 29.0 ± 4.8 27.3 ± 5.3 30.0 ± 5.1 24.0 ± 8.5 .358

VAS
3 mo 3.9 ± 2.7 4.1 ± 2.7 4.7 ± 2.9 4.1 ± 2.6 7.0 ± 2.6 .125
6 mo 2.7 ± 2.5 2.5 ± 2.6 3.3 ± 2.9 4.1 ± 3.4 6.3 ± 3.2 .024
12 mo 1.6 ± 2.2 1.8 ± 2.5 2.6 ± 3.1 3.2 ± 3.6 7.5 ± 3.5 .001
24 mo 1.6 ± 2.5 1.0 ± 1.8 2.3 ± 2.9 1.1 ± 2.7 3.0 ± 4.2 .255

aData are presented as mean ± SD. Bolded P values indicate a statistically significant difference between groups (P < .05). CSS, Constant
Shoulder Score; OSS, Oxford Shoulder Score; UCLA, University of California Los Angeles; VAS, visual analog scale for pain.
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measured using the MFI, was a much stronger predictor of
functional outcomes after rotator cuff repair. Given this,
the MFI appears to be a better risk stratification tool than
is chronologic age. This is consistent with the findings of
recent studies demonstrating the effectiveness of the MFI
in risk-stratifying patients undergoing surgery for femoral
neck fractures25 or distal radial fractures,41 spine surgery,3

and total hip and knee arthroplasty.5

Traven et al38 found that the 5-factor MFI was a signif-
icant predictor of medical complications, hospital admis-
sion, length of stay, discharge to a rehabilitation facility,
and mortality after arthroscopic rotator cuff
repair. However, the study did not consider any functional
outcomes of rotator cuff repair, which is crucial for patient
satisfaction and quality of life after surgery.36 Further-
more, the 5-factor MFI only accounts for 5 of the comorbid-
ities from the original MFI score: diabetes mellitus,
hypertension requiring medication, chronic obstructive
pulmonary disease, congestive heart failure, and functional
status 2 (not independent).35 A study by Holzgrefe et al18 of
9861 patients aged 50 years or older undergoing total
shoulder arthroplasty also found that the MFI was an effec-
tive risk-stratifying tool that predicted postoperative com-
plications, readmission, reoperation, and adverse hospital
discharge, further supporting the use of the MFI in predict-
ing outcomes after shoulder surgery.

However, there remains a paucity in literature on risk
stratification of patients undergoing arthroscopic rotator
cuff repair. Advanced age and larger number of medical

comorbidities have been shown to predict complications
after arthroscopic rotator cuff repair,33 leading authors to
conclude that patient factors and preoperative status are
more important in risk stratification.17,33 To our knowl-
edge, the present study is the first to evaluate the associa-
tion between key frailty/comorbidity scores and
postoperative functional outcomes of patients undergoing
arthroscopic rotator cuff repair.

Furthermore, the differences in each of the functional
scores among the MFI groups were generally greater than
the minimal clinically important difference at 12 and 24
months postsurgery. The minimal clinically important dif-
ferences of the OSS, CSS, and UCLA Shoulder Score were
taken as 3.3, 6.7, and 3.0, respectively, at 12 months and
2.7, 6.3, and 2.9, respectively, at 24 months.43 As such,
stratifying patients based on MFI scores and predicting
postoperative functional outcome using MFI scores is clin-
ically significant and relevant.

However, the differences in functional outcome scores
using the MFI disappeared at 24 months of follow-up. This
finding suggests that the patients with high MFI scores
ultimately attained functional outcomes comparable with
those of their counterparts with low MFI scores, but they
just took longer to achieve those results. Patient-related
factors such as diabetes mellitus and other comorbidities
(as taken into account by the MFI) have been shown to
affect the rate of tendon healing and rehabilitation after
arthroscopic rotator cuff repairs.1

In the present study, male sex was also a significant
predictor of better long-term functional outcome scores and
ROM after rotator cuff repair. This is consistent with the
findings of recent studies that have reported sex-associated
differences in outcomes of arthroscopic rotator cuff
repair.9,22 In a prospective study of 78 patients who under-
went repair of full-thickness rotator cuff tear, Oh et al22

also found that male sex was associated with better postop-
erative functional outcomes and recovery in terms of Sim-
ple Shoulder Test scores. Similarly, Cho et al9 found that
men had less pain and faster recovery of the shoulder than
did women during the early postoperative period after rota-
tor cuff repair. Women had higher postoperative VAS pain
scores and significantly lower forward flexion and external
rotation than did men at early follow-up. The authors sug-
gested that this observation was likely because women
have a lower pain threshold and less tolerance for postop-
erative pain than do men.14,27 Appropriate postoperative
pain management for patients undergoing rotator cuff
repair is considered a major issue that can influence the
effectiveness of treatment and rehabilitation in the early
postoperative period.8,23 Furthermore, it is an important
factor influencing postoperative satisfaction with rotator
cuff repair.9

The present study has strengths. First, the data repre-
sent patients on whom a single surgeon operated, thus
reducing heterogeneity in surgical technique and postoper-
ative rehabilitation. Second, our robust follow-up protocol
allowed for serial measurement of functional outcome
scores at fixed intervals postoperatively.

However, this study also has several limitations. First,
there are inherent selection and observer biases, as the

TABLE 9
Comparison of Postoperative Functional

Scores Between Sexesa

Postoperative Outcome Score Men Women P Value

OSS
3 mo 26.3 ± 10.2 31.2 ± 11.1 <.001
6 mo 20.3 ± 10.0 22.9 ± 10.2 .041
12 mo 15.9 ± 6.3 18.3 ± 8.3 .025
24 mo 14.3 ± 5.9 16.7 ± 7.1 .022

CSS
3 mo 43.4 ± 17.8 37.7 ± 16.2 .005
6 mo 61.2 ± 18.3 53.9 ± 16.1 .001
12 mo 70.8 ± 14.4 65.6 ± 14.5 .012
24 mo 76.3 ± 11.6 68.1 ± 13.3 <.001

UCLA Shoulder Score
3 mo 21.3 ± 6.1 18.9 ± 5.4 <.001
6 mo 25.2 ± 6.6 23.6 ± 5.9 .041
12 mo 28.3 ± 5.4 27.4 ± 5.9 .228
24 mo 29.5 ± 4.6 28.0 ± 5.3 .045

VAS
3 mo 4.0 ± 2.7 4.3 ± 2.7 .328
6 mo 2.6 ± 2.5 3.1 ± 2.9 .114
12 mo 1.8 ± 2.5 2.0 ± 2.8 .464
24 mo 1.1 ± 2.2 1.8 ± 2.6 .090

aData are presented as mean ± SD. Bolded P values indicate a
statistically significant difference between groups (P < .05). CSS,
Constant Shoulder Score; OSS, Oxford Shoulder Score; UCLA,
University of California Los Angeles; VAS, visual analog scale
for pain.
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data represent patients from a single tertiary institution.
Second, the scoring of the CFS in this study does not rep-
resent how the score would be used in actual practice,
where it would be assessed by a health care professional
in contact with the patient. Nonetheless, it has been sug-
gested that a retrospectively assigned CFS score based on
medical chart review could be reliable if the necessary com-
ponents of the score are present in the charts.12 The present
study also did not parse out specific factors from the frailty
scores or consider the severity or control of the comorbid-
ities, which could have also influenced postoperative func-
tional outcomes. Third, this study is also limited by the
small number of patients in the higher frailty groups.

CONCLUSION

This study indicated that the MFI is a better tool for predict-
ing postoperative function than is the CFS or CCI in patients
undergoing arthroscopic rotator cuff repair. Patients with
higher MFI scores had slower functional improvement post-
operatively but eventually attained functional outcome
scores comparable with those of their counterparts with
lower MFI scores at 24 months postoperatively. The findings
from our study suggest that a multidimensional assessment
of frailty (including both functional status and comorbid-
ities) is important in determining functional outcomes after
arthroscopic rotator cuff repair.
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