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Abstract
Background: Total joint replacement procedures are increasing in number because of population aging and
osteoarthritis development. Defined as a lack of physiological reserves and the inability to adequately respond to
external stressors, frailty may be more common than expected in older patients with degenerative arthritis awaiting
total joint replacements.
The aim of the present study was to assess associations between frailty and adverse outcomes, frailty prevalence
among elderly patients awaiting elective TJR, and agreement between 2 frailty screening instruments.
Methods: We undertook a prospective, observational, pilot study in our institution. We enrolled patients 65 years or
older who were awaiting elective knee or hip replacement surgery and evaluated them in our preoperative clinic
with planned postoperative hospital length of stay greater than 24 h. Patients were asked to grade their perceived
well-being on the Clinical Frailty Scale and to answer questions on the FRAIL Scale.
Results: The Clinical Frailty Scale classified 40 patients (45.9%) as robust, 43 patients (49.4%) as prefrail and 4
patients (4.5%) as frail, while the FRAIL Scale categorized 12 patients (13.7%) as robust, 54 patients (62.0%) as
prefrail, and 20 patients (22.9%) as frail. Robustness, ascertained on the Clinical Frailty Scale was, while the FRAIL
Scale was not, significantly associated with shorter hospital length of stay and fewer discharges to the rehabilitation
center. Both scales showed moderate mutual agreement.
Conclusion: Screening for frailty identified between 5% and 10% of patients at risk of adverse outcomes. The
Clinical Frailty Scale was, while the FRAIL scale was not, significantly associated with hospital length of stay and
discharge to rehabilitation center in our cohort of total joint replacement patients.
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Background
Total joint replacement (TJR) procedures are increasing
in number with population aging and osteoarthritis development. In its 2014 annual report, the Canadian Joint
Replacement Registry recorded a 16.5% surge of hip replacements and a 21.5% proliferation of knee replacements
in the last 5 years [1] paralleled by increased frailty with advancing age in the general population [2]. Frailty embodies
insufficient physiological reserves and the inability to
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adequately respond to external stressors. Its etiology is
complex but is related to aging, faster senescence and
acquired illnesses [3, 4]. Its pervasiveness in communitydwelling elders is estimated to be approximately 10%, depending on the study cited [5], and is associated with
increased 1-year mortality and institutionalization.
Frailty prevalence is generally considered to be even
greater in surgical pre-operative settings, varying from
10% to 46%, depending on the screening instrument selected, the surgical subspecialty/setting, and patient
characteristics [6–8]. The choice of “frailty scale” may
not be obvious owing to the variety of available instruments with different conceptual underpinnings [9, 10].
Nonetheless, in most studies, frailty is a better predictor
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of post-operative outcomes than co-morbidity scores and
even some validated risk model scores specific to certain
procedures [6–8].
In orthopedic surgery, especially in patients awaiting
TJR, few teams have looked at the association between
frailty and post-operative outcomes, such as hospital
length of stay (LOS) and disposition at discharge. Frailty
may help in selecting vulnerable patients when combined
with known predictors in TJR procedures (i.e., preoperative hemoglobin (Hb) level, American Society of
Anesthesiologists score, nutritional status, etc.) [11–13].
The lack of consensus on the different available
models of frailty makes it challenging to choose appropriate screening instruments.
Therefore, we undertook a study, with 2 frailty-screening
instruments, to assess associations between frailty, hospital
LOS and transfer to rehabilitation centre or not among elderly patients awaiting elective, primary TJR. We hypothesized that frail patients are less likely to be discharged
home and will have longer LOS. As secondary objectives,
we compared the prevalence of frailty with 2 instruments
and evaluated their agreement.

Methods
Setting

We conducted a prospective, observational study in our
tertiary academic hospital with a pre-operative clinic
that sees over 3000 patients per year, and approximatively 20% of them are orthopedics-related.
Study participants

From November 2015 to May 2016, we identified orthopedic participants through routine daily screening of our
pre-operative clinic schedule (N = 419). A research nurse
was trained for screening purposes and performed all
frailty assessments. Patients 65 years or older and awaiting primary TJR were enrolled and evaluated in our preoperative clinic with planned post-operative hospital stay
greater than 24 h. For feasibility reasons, we excluded all
urgent procedures, patients deemed unfit for surgery by
their surgeon or medical consultant, and those unable to
understand or provide consent. If they fulfilled eligibility
criteria, patients were contacted by phone or in person,
and informed consent was obtained. Those who gave
consent were subsequently interviewed for frailty assessment. Figure 1 shows the number of patients meeting
inclusion and exclusion criteria. In summary, a total of
87 patients accepted to participate and completed the
study. Full approval by our local Research Ethics
Committee was granted before the study was started.
Frailty assessment

We chose to define frailty as an age-associated, multidimensional syndrome of insufficient reserves giving rise

Page 2 of 6

Fig. 1 Patient recruitment flow chart

to vulnerability [14]. Based on the current literature [9],
the 2 most commonly-used frailty models in surgical settings are Rockwood’s deficit accumulation model [15]
and Fried’s phenotypic model [16]. Rockwood’s model was
quantified with the Clinical Frailty Scale, and Fried’s
model was assessed with the FRAIL Scale. The Clinical
Frailty Scale, derived from the Frailty Index, is an ordinal
scale from 1 to 8, where 1 represents a state of robustness,
and 8 indicates a very severe frailty state. Patients were
asked to identify which level on the scale best corresponded to their perceived well-being. They can be further
grouped as being robust (score 1 to 3), pre-frail (score 4),
and frail (score 5 to 8), based on the initial study by
Rockwood et al. [17]. It is well-validated in predicting
adverse outcomes in community-dwelling elders [15].
The Clinical Frailty Scale was selected over the Frailty
Index as being more feasible in clinical practice. The
FRAIL Scale was created at a consensus meeting of the
International Academy on Nutrition and Aging Task
Force. Its conceptual underpinnings are heavily rooted in
Fried’s phenotypic model [18]. It is composed of 5 items
(fatigue, resistance, ambulation, weight loss, illness) with
the first 4 components taken from Fried’s phenotypic
model. Also, it is assessed subjectively, and each item is
scored by a binary system. Summed scores range from 0
to 5, where 0 epitomizes robustness, 1 or 2 signifies prefrail, and scores greater than 2 indicate frailty. Since its
creation, it has been successfully applied in communitydwelling elders with excellent prognostic capabilities [19].
The Fried phenotypic model was discarded because
our research team deemed gait speed measurements to
be potentially difficult to perform and less feasible in a
purely orthopedic population. As scaling systems differ,
frailty prevalence with both screening instruments was
estimated after reclassification as robust or not robust
(pre-frail or frail). After obtaining consent, patients
were asked to grade their perceived well-being on the
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Clinical Frailty Scale and to answer all 5 questions of
the FRAIL Scale.
Variables

Patient characteristics were collected before surgery
(age, gender, co-morbidity, daily living activities, living
status before admission, body mass index (BMI), baseline Hb level), and type of procedure, i.e., total hip or
knee arthroplasty (THA or TKA). Hospital mortality,
LOS and disposition at discharge were collected by chart
review after discharge. Co-morbidity was defined as the
co-existence of at least 2 separate chronic illnesses [20].
We quantified the burden of co-morbidity by calculating
age-adjusted scores on the Charlson Comorbidity Index
[21]. Disability was characterized as difficulty or inability
to perform activities essential for independent living, including essential roles, self-care tasks, living independently in a home, and desired activities important to
quality of life [19]. We quantified disability with the Katz
Index of Independence [22].
Outcomes

Our primary outcomes were hospital LOS and disposition at discharge. Both have been consistently associated
with greater burden and cost to the healthcare system in
orthopedic surgery settings [3, 23]. We divided LOS into
3 categories: 1–2 days, 3–5 days, and > 5 days. Shortstay patients (≤2 days) incur the lowest care costs, even
when compared to those with LOS of 3–5 days [23],
and this can be considered an achievable goal with
early, aggressive, in-patient rehabilitation of most of
them [24]. LOS of 5 days is often reported as the median value in Canadian patients undergoing TJR [25],
and patients with LOS exceeding 5 days incur the
highest care costs [23]. Disposition at discharge was
characterized by the need to transfer to a rehabilitation center. Secondary outcomes were robust and not
robust patient proportions, as defined by both frailty
instruments and their agreement.
Analysis

Frailty prevalence was reported as proportions on both
scales. Continuous variables were assessed for normal
distribution by the Shapiro-Wilk test, and continuous
variables were compared by independent sample t-test
(BMI) and the Mann-Whitney test (age, Charlson
Comorbidity Index and Hb level). Categorical variables
were compared by the Chi-square test or Fisher’s exact
test, if absolute patient count was ≤5 for any given category: gender distribution, disposition before surgery,
categorized hospital LOS and disposition at discharge. Associations between hospital LOS, discharge to rehabilitation center and frailty were assessed by the Chi-square
test or Fisher’s exact test. Unfortunately, our small sample
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size prevented regression analysis with covariates. Finally,
agreement between the 2 frailty scales was evaluated by
Cohen’s kappa test. All analyses were performed with
SPSS 20.0.

Results
The baseline characteristics of study subjects are presented in Table 1. Median age of our cohort was
72.0 years (interquartile range (IQR) = 9.0), ranging from
65.0 to 88.0 years, and 65.5% were female patients. More
than half of our cohort were living at home with their
spouses (57.5%), while 5.6% were living in a residence.
The median Charlson Comorbidity Index in our cohort
was 4.0 (IQR = 1.0), and 87.4% were fully independent in
their daily living activities. TKA represented 51.7% of all
procedures, followed by THA and bilateral TJR (39.1%
and 9.2%, respectively). The mean time period between
pre-operative clinic visit and surgery was 74.3 ± 34.8 days.
The Clinical Frailty Scale classified 46.0% of our cohort as robust while the FRAIL Scale grouped 15.0% as
robust. Baseline characteristics (gender, disposition before surgery and BMI) differed significantly between robust and not robust patients based on the Clinical
Frailty Scale (p < 0.05), while fully independent status almost reached statistical significance (p = 0.058). Robust
and not robust patients did not differ significantly on
the FRAIL Scale, except in terms of gender, mean BMI
and median baseline Hb level (p < 0.05).
Median hospital LOS of our cohort was 5 days (IQR = 3).
Eight patients (9.1%) were discharged within 48 h after surgery, 49 patients (56.3%) were discharged between 3 and
5 days, and total LOS was over 5 days in 30 patients
(34.4%) (Table 2). No patient died during hospital stay.
Based on the Clinical Frailty Scale, 17.5% (N = 7) of robust
patients had hospital LOS over 5 days compared to 48.9%
(N = 23) of not robust patients. Hospital LOS distribution
differed significantly between robust and not robust patients (p = 0.005). When classified according to the FRAIL
Scale, hospital LOS distribution did not differ significantly
between robust and not robust patients (p = 0.700).
A total of 17 patients (19.5%) were discharged to rehabilitation center after surgery. Based on the Clinical
Frailty Scale, 10.0% (N = 4) of robust patients were
transferred to rehabilitation center compared to 27.7%
(N = 13) of not robust patients (p = 0.038). Robust (N = 3,
23.1%) and not robust (N = 14, 23.3%) patients did not
differ significantly on the FRAIL Scale (p = 0.727).
Table 3 reports patient classification according to frailty
status on the Clinical Frailty Scale and the FRAIL Scale.
Since both instruments are not rated by the same scaling
system, the results are presented after reclassification into
robust, pre-frail and frail patients. The Clinical Frailty
Scale classified 40 patients (45.9%) as robust, 43 patients
(49.4%) as pre-frail, and 4 patients (4.5%) as frail, while the
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Table 1 Baseline characteristics of patients stratified by frailty status according to the Clinical Frailty Scale and the FRAIL Scale
Total patients (N = 87) Clinical Frailty Scale

FRAIL Scale

Robust (n = 40) Not robust (n = 47) p-value Robust (n = 13) Not robust (n = 74) p-value
Age (median (IQR))

72.0 (9.0

71.0 (8.0)

73.0 (11.0)

0.145

73.0 (6.0)

71.5 (9.0)

0.330

Gender (female) (%)

57 (65.5)

21 (52.5%)

36 (76.6%)

0.018

4 (30.8%)

53 (71.6%)

0.009

Disposition before surgery (%)
- Home with loved ones

30 (75.5%)

20 (42.6%)

0.02

8 (61.5%)

42 (56.8)

1.00

Charlson comorbidity index 4.0 (1.0)
(median (IQR))

50 (57.5%)

4.0 (1.0)

5.0 (1.0)

0.273

5.0 (1.0)

4.0 (1.0)

0.239

Fully independent (%)

76 (87.4)

38 (95%)

38 (82.6%)

0.058

0

11 (14.9%)

0.205

BMI (mean ±SD)

30.5 ± 6.4

28.3 ± 4.7

32.3 ± 7.0

0.002

28.1 ± 3.1

30.9 ± 6.7

0.02

Baseline Hb (median (IQR))

135.0 (16.0)

139.0 (20.0)

134.0 (12.0)

0.109

146.0 (19.0)

134.0 (16.0)

0.004

SD: standard deviation; BMI: body mass index; Hb: hemoglobin; IQR: interquartile range

FRAIL Scale categorized 12 patients (13.7%) as robust, 54
patients (62.0%) as pre-frail, and 20 patients (22.9%) as
frail. Both scales agreed on 39 evaluations (38.0%) and disagreed on 48 evaluations (62.0%). Out of the 20 patients
considered as frail by the FRAIL Scale, 5 were classified as
robust with the Clinical Frailty Scale. Due to the small
numbers of patients considered as frail by the latter, both
scales were dichotomized into robust versus not robust
(sum of pre-frail and frail) (Table 4). Cohen’s kappa agreement was 0.245 (p = 0.002) between both scales after
dichotomization.

Discussion
Frailty is progressively acknowledged as a marker of
functional decline and a potentially modifiable risk factor for patient improvement. It is even more relevant in
peri-operative patients where interventions can be applied before the surgical procedure. In our study, prefrail and frail patients, as defined by the Clinical Frailty
Scale and undergoing TKA or THA, had longer hospital
LOS and higher percentage of discharge to rehabilitation
center compared to robust patients. These results are consistent with current literature on the general surgical population. Most studies, using Rockwood’s or Fried’s model,
have reported associations between increasing frailty and
major post-operative outcomes (in-hospital mortality, hospital LOS, post-operative complications, etc.).
In orthopedic surgery, involving the Ontario Healthcare Database, McIsaac et al. [26] found an increase in

hospital LOS among frail elderly undergoing THA or
TKA based on Johns Hopkins Adjusted Clinical Groups
frailty-defining diagnoses indicators (odds ratio: 1.78,
confidence interval: 1.74–1.81). The latter model is
based on another conceptual underpinning and is also
difficult to apply in clinical practice as it relies on variables from multiple datasets. Cooper et al. [27] considered both Fried’s phenotypic model and the Frailty Index
in a cohort of 415 orthopedic patients. Both instruments
predicted discharge to post-acute institutional care and
hospital LOS > 5 days. This discrepancy between results
can be explained by the higher prevalence of frailty (35%
with Fried’s phenotypic model and 41% with the Frailty
Index) in older patients with greater functional decline.
They included patients undergoing other types of surgery, such as lumbar and cervical laminectomy.
The FRAIL Scale was not associated with hospital
LOS or discharge to rehabilitation center in our cohort.
Both scales differed significantly in the percentage of patients classified as robust and not robust, with moderate
agreement at best. Part of the difference in performance
by both scales can be explained by the modest agreement between them. The 2 instruments are not conceptually identical in their definition of frailty. The Clinical
Frailty Scale is derived from the Frailty Index developed
by Rockwood and colleagues [17]. It is based on a
mathematical model of deficit accumulation and the
complex interplay between co-morbidities [15]. The FRAIL
Scale is heavily rooted in Fried’s phenotypic model, a

Table 2 Hospital LOS and discharge to rehabilitation home stratified by frailty status according to the Clinical Frailty Scale and the
FRAIL Scale
Hospital length of stay
Clinical Frailty Scale

FRAIL Scale

Discharge to rehabilitation center

1–2 days (8)

3–5 days (49)

> 5 days (30)

p-value

Yes (17)

No (70)

p-value

6

27

7

0.005

4

36

0.038

Not robust

2

22

23

13

34

Robust

2

7

4

0.700

3

10

Not robust

6

42

26

14

60

Frailty scales (N)
Robust

0.727
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Table 3 Comparison of the Clinical Frailty Scale and the FRAIL
Scale
FRAIL Scale
Clinical Frailty Scale

Robust (0) Prefrail (1–2) Frail (3–5)
Robust (1–3) 11

24

5

Prefrail (4)

2

27

14

Frail (5–7)

0

3

1

syndrome-based definition of weight loss, fatigue and diminished energy expenditure, all related to sarcopenia [28].
Cooper et al. [27] obtained similar results with the phenotypic and deficit accumulation models with moderate
agreement (kappa = 0.42). Furthermore, our cohort of
orthopedic patients awaiting TJR did not suffer from significant co-morbidities or disabilities, which are all related
to frailty. By excluding urgent surgeries, such as hip fracture patients and those deemed too ill for surgery, we further selected a subgroup of healthier and more functional
orthopedic patients. In a cohort with higher prevalence of
frail patients, the FRAIL Scale may have been associated
with clinical outcomes. Also, even with our small sample
size, the power of our analyses with the FRAIL scale was
99% for both clinical outcomes. It is unlikely that our results were due to beta errors.
Our study has some limitations. First, it was conducted in a single center with a small sample size, and
lacked power to assess other known risk factors and
their interactions with frailty status. For example, Hb
level was significantly higher in robust patients (with the
FRAIL scale) compared to not robust patients, although
a multi-centered interventional trial did not show improved outcome with a liberal transfusion strategy in hip
surgery patients [29]. Hypoalbuminemia, another risk
factor associated with sepsis after TJRs [30], was not
captured due to a significant amount of missing data. It
is not a mandatory test in our pre-operative clinic. Since
it is not, validation is also needed across other cohorts
of TJR patients. Second, these results cannot be applied
to other surgical specialties, since frailty prevalence
might differ from orthopedic patients, and it is still unclear which frailty instrument is better suited for a specific surgical subgroup. Third, as mentioned, we
excluded urgent surgical procedures as the prevalence of
frailty is usually higher in this group. In a previous study

evaluating frailty with the Frailty Index in hip fracture
patients, the prevalence of being very frail on admission
was 36%. Therefore, our findings may not apply to them.
As for our study’s strengths, the recruitment process
did not delay surgery and usual care, and was easily implemented in routine assessment due to the simplicity of
both selected scales. Our results agree with the existing
literature and, to our knowledge, it is the first time that
the Clinical Frailty Scale and the FRAIL Scale have been
applied in a TJR population.

Conclusion
In conclusion, the Clinical Frailty Scale was, while the
FRAIL scale was not, significantly associated with hospital LOS and discharge to rehabilitation center in our
cohort of TJR patients. Whether either instrument can
be generalized to other surgical patients and used to target vulnerable elderly patients for pre-operative intervention needs to be investigated.
Abbreviations
BMI: Body mass index; Hb: Hemoglobin; IQR: Interquartile range; LOS: Length
of stay; THA: Total hip arthroplasty; TJR: Total joint replacement; TKA: Total
knee arthroplasty
Acknowledgements
No acknowledgments.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analyzed in the current study are available from the
corresponding author on reasonable request. Data collection and analysis are
reported in the present article.
Authors’ contributions
HTW, JF, SA, PAV and PH all contributed to study design and data
interpretation. HTW analyzed the data and wrote the manuscript. All authors
provided valuable comments on the manuscript and approved the final
version for submission/publication.
Authors’ information
See title page.
Ethics approval and consent to participate
This study was approved by the Research Ethics Committee of MaisonneuveRosemont hospital before its initiation. All study subjects consented to
participate in this study and to the reporting of their data in future research
publications. Our dataset does not contain personal identification information.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Table 4 Comparison of robustness between the clinical frailty
scale and the FRAIL Scale
FRAIL Scale
Clinical Frailty Scale

Robust

Not robust

Robust

11

29

Not robust

2

45

Cohen’s kappa: 0.245 (p = 0.002)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1
Department of Internal medicine and Critical Care Medicine, Centre Integre
Universitaire de Sante et Services Sociaux (CIUSSS) de l’est de l’île de
Montréal, Hopital Maisonneuve-Rosemont, 5415 boul. l’Assomption, H1T

Wang et al. BMC Musculoskeletal Disorders (2018) 19:14

2M4, Montreal, Quebec, Canada. 2Department of Surgery, Centre Integre
Universitaire de Sante et Services Sociaux (CIUSSS) de l’est de l’île de
Montréal, Hôpital Maisonneuve-Rosemont, 5415 boul. l’Assomption, H1T
2M4, Montreal, Quebec, Canada. 3Departments of Medicine and Critical Care
Medicine and Centre de recherche, Centre hospitalier de l’Université de
Montréal (CRCHUM), 900 St-Denis, H2X 0A9, Montréal, Québec, Canada.
Received: 29 September 2017 Accepted: 11 January 2018

A. References
1. Canadian Institute for Health Information. Hip and Knee Replacements in
Canada: Canadian Joint Replacement Registry 2014 Annual Report. https://
secure.cihi.ca/estore/productFamily.htm?pf=PFC3391&lang=en&media=0
(2014). Accessed February 2, 2017.
2. Romero-Artuno R, Kenny RA. The frailty index in Europeans: association with
age and mortality. Age Ageing. 2012;41(5):684–98.
3. Gobbens RJ, Luijkx KG, Wijnen-Sponselee MT, Schols JM. Toward a
conceptual definition of frail community dwelling older people. Nurs
Outlook. 2010;58(2):76–86.
4. De Lepeleire J, Lliffe S, Mann E, Degryse JM. Frailty: An emerging concept
for general practice. Br J Gen Pract. 2009;59(562):e177–82.
5. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc.
2012;60(8):1487–92.
6. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel P, et al.
Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg.
2010;210(6):901–8.
7. Afilalo J, Mottillo S, Eisenberg MJ, Alexander KP, Noiseux N, Perrault LP, et al.
Addition of frailty and disability to cardiac surgery risk scores identifies
elderly patients at high risk of mortality or major morbidity. Circ Cardiovasc
Qual Outcomes. 2012;5(2):222–8.
8. Ganapathi AM, Englum BR, Hanna JM, Schechter MA, Gaga JG, Hurwitz LM,
et al. Frailty and risk in proximal aortic surgery. J Thorac Cardiovasc Surg.
2014;147(1):186–91.
9. Buigues C, Juarros-Folgado P, Fernande-Garrido J, Navarro-Martinez R, Cauli
O. Frailty syndrome and risk of pre-operative evaluation: a systematic
review. Arch Gerontol Geriatr. 2015;61(3):309–21.
10. Cigolle CT, Ofstedal MB, Tian Z, Blaum CS. Comparing models of frailty: the
health and retirement study. J Am Geriatr Soc. 2009;57(5):830–9.
11. Ibrahim MS, Twaij H, Giebaly DE, Nizam I, Haddad FS. Enhanced recovery in
total hip replacement: a clinical review. Bone Joint J. 2013;95-B(12):1587–94.
12. Snow R, Granata J, Ruhil AV, Vogel K, McShane M, Wasielewski R.
Associations between preoperative physical therapy and post-acute care
utilization patterns and cost in total joint replacement. J Bone Joint Surg
Am. 2014;96(19):e165.
13. Kehlet H, Thienpont E. Fast-track Knee arthroplasty – status and future
challenges. Knee. 2013;20(Suppl 1):S29–33.
14. Walston J, Hadley EC, Ferrucci L, Guralnik JM, Newman AB, Studenski SA, et
al. Research agenda for frailty in older adults: toward a better
understanding of physiology and etiology: summary from the American
Geriatrics Society/National Institute on Aging research conference on frailty
in older adults. J Am Geriatr Soc. 2006;54(6):991–1001.
15. Mitniski AB, Graham JE, Mogilner AJ, Rockwood K. Frailty, fitness and late-life
mortality in relation to chronological and biological age. BMC Geriatr.
2002;27(2):1–8.
16. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med
Sci. 2001;56(3):M146–56.
17. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et
al. A global clinical measure of fitness and frailty in elderly people. CMAJ.
2005;173(5):489–95.
18. Abellan van Kan G, Rolland Y, Bergman H, Morley JE, Kritchevsky SB, Vellas B.
The I.A.N.A task force on frailty assessment of older people in clinical
practice. J Nutr Health Aging. 2008;12(1):29–37.
19. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. J Nutr Health Aging.
2012;16(7):601–8.
20. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci. 2004;59(3):255–63.

Page 6 of 6

21. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47(11):1245–51.
22. Brorsson B, Asberg KH. Katz Index of independence in ADL. Reliability and
validity in short-term care. Scand J Rehabil Med. 1984;16(3):125–32.
23. Lovald ST, Ong KL, Malkani AL, Lau EC, Schmier JK, Kurtz SM, et al.
complications, mortality, and costs for outpatient and short-stay total knee
arthroplasty patients in comparison to standard-stay patients. J Arthroplast.
2004;29(3):510–5.
24. Cook JR, Warren M, Ganley KJ, Prefontaine P, Wylie JW. A comprehensive
joint replacement program for total knee arthroplasty: a descriptive study.
BMC Musculoskelet Disord. 2008;9(154)
25. Hart A, Bergeron SG, Epure L, Huk O, Zukor D, Antoniou J. Comparison of
US and Canadian perioperative outcomes and hospital efficiency after Total
hip and knee arthroplasty. JAMA Surg. 2015;150(10):990–8.
26. McIsaac DI, Beaule PE, Bryson GL, Van Walraven C. The impact of frailty on
outcomes and healthcare resource usage after total joint arthroplasty: a
population-based cohort study. Bone Joint J. 2016;98-B(6):799–805.
27. Cooper Z, Rogers SO Jr, Ngo L, Guess J, Schmitt E, Jones RN, et al.
Comparison of frailty measures as predictors of outcomes after orthopedic
surgery. J Am Geriatr Soc. 2016;64(12):2464–71.
28. Afilalo J. Conceptual models of frailty: the sarcopenia phenotype. Can J
Cardiol. 2016;32:1051–5.
29. Carson JL, Terrin ML, Noveck H, Sanders DW, Chaitman BR, Rhoads GG, et al.
Liberal or restrictive transfusion in high-risk patients after hip surgery. N
Engl J Med. 2011;365(26):2453–62.
30. Bohl DD, Shen MR, Kayupov E, Cvetanovich GL, Della Valle CJ. Is
hypoalbuminemia associated with septic failure and acute infection after
revision Total joint arthroplasty? A study of 4517 patients from the National
Surgical Quality Improvement Program. J Arthroplast. 2016;31(5):963–7.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

