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Purpose: It is important to identify factors associated with the outcome of rehabilitation after hip fracture as an aid to planning the
rehabilitation framework and the future discharge of patients. Previous studies have shown that handgrip strength (HGS) is one of the
factors associated with the success of rehabilitation.

Materials and Methods: A retrospective study among patients 65 years of age and above who underwent surgical repair of a hip
fracture followed by rehabilitation in the Geriatrics ward between September 2019 and December 2021. Successful rehabilitation was
determined as Montebello Rehabilitation Factor Score Revised (MRFS-R) >50%. Associations were assessed between various
sociodemographic and clinical variables, including HGS, and rehabilitation success. HGS was tested as a continuous and dichotomous
variable, in accordance with various definitions of low muscle strength.

Results: Data were collected for 173 patients. The mean age was 81.2 + 7.2 years and 68.2% were women. In a logistic regression
model only HGS, as a continuous variable, was independently associated with rehabilitation success, with each increase of 1 kg
increasing the chance for successful rehabilitation by 6.8%.

Conclusion: HGS is a simple tool for the planning of the rehabilitation process among patients with hip fracture.
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Introduction
Hip fracture is a very common medical problem around the world' and has numerous negative consequences including
prolonged functional impairment,” impaired quality of life,’ increased risk of transfer to long-term care (LTC),* high
cost,” and increased mortality.® The early identification of patients at high risk for negative outcomes is very important
for the planning of treatment strategies, the selection of an appropriate rehabilitation setting, and the timing of discharge
from the hospital.” Lim et al® identified 107 pre-discharge prognostic factors for functional recovery after hip fracture,
including handgrip strength (HGS). Xu et al® also reported, in a systematic review, that HGS is a significant prognostic
factor for poor function and mortality.

It should be noted that in various studies of the association between HGS and functional recovery after hip fracture
there is no consistent gold standard for defining “strong HGS” and “weak HGS”. Thus, for example, some studies
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measured HGS as a continuous variable and others as a categorical variable."*'> The Revised European Working

Group on Sarcopenia (EWGSOP2) defined probable sarcopenia with a cut-off of 27 kg for men and 16 kg for women.'®

117

Perez-Rodriguez et al’ " used somewhat different definitions with cut-offs of 23 kg for men and 13 kg for women. In their

analysis Savino et al used HGS as a continuous variable and as sex-specific tertiles (highest tertile vs lowest).”
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The aim of the present study was to identify an association between HGS and short-term functional recovery among
patients who completed intensive rehabilitation after osteoporotic hip fracture repair.

Methods

Setting and Study Population

On September 1, 2019, the measurement of HGS was added to the routine of the Geriatrics department of the Soroka
University Medical Center (SUMC), a tertiary center located in the south of Israel. On that date data collection was
initiated for the present study.

This retrospective study was based on the medical records of patients 65 years of age and above who completed
rehabilitation between September 1, 2019, and December 1, 2021, in the Geriatrics department. The department and the
rehabilitation process have been described previously.'® In short, this is a 25-bed ward with a multidisciplinary staff
composed of board-certified physicians, physicians training in geriatric medicine, nurses, physiotherapists, occupational
therapists, a social worker, and dieticians. Patients were transferred from the Department of Orthopedic Surgery several
days after undergoing surgical repair of a hip fracture.

Each patient underwent a comprehensive geriatric assessment and a multidisciplinary rehabilitation strategy was
developed for them. The rehabilitation process included early mobilization facilitated by all staff members, physiotherapy
five times per week, occupational therapy several times a week, and a psychosocial intervention by the social worker. The
department staff held weekly meetings in which changes in the rehabilitation plan were discussed and the discharge date
was determined. The patient was discharged when the rehabilitation goals, such as independence in transition, mobility
and toileting were achieved, or when the patient reached a functional plateau.

Variables

1. The data collected from the patient’s computerized record included:

(a) Socio-demographic data: age, gender, education level, marital status, information about the patient’s nursing
caregiver.

(b) Medical status: type of hip fracture, the patient’s chronic diseases (the Charlson Comorbidity Index'® was
calculated as Total and Total Combined scores), drug therapy and laboratory tests on admission to the
rehabilitation setting, complications during rehabilitation (delirium, thromboembolism, pressure sores, and
infections), length of stay (LoS) in the orthopedic and geriatric wards.

2. HGS: The grip strength of the dominant hand was measured starting with the day of admission to the ward,
using the Camry® Digital Hand Grip Dynamometer. Two consecutive measurements were taken on one of the
first three days of hospitalization in the department. The patients were assessed while sitting with their
shoulders next to their body, the elbow bent at 90 degrees, and the arm in a neutral position. The measuring
posture was explained to the patient and then measurements were taken. The highest of the two measurement
was used for the study. For data analyses we used HGS as a continuous variable and a binary variable with
the patients divided into “strong” and “low muscle strength” groups using the following methods:

(a) The EWGSOP2 criteria'® with cut-offs of 27 kg for men and 16 kg for women.

(b) The method of Perez-Rodreiguez et al'” with cut-offs of 23 kg for men and 13 kg for women.

(c) The tables provided by the producer of the Dynamometer, adjusting for age and sex.

Cognitive function was assessed with the Mini Mental State Examination (MMSE).?° The MMSE score was adjusted
for age and education level. Patients with MMSE below expected scores for their age and educational level®' and/or
patients with a known diagnosis of dementia on admission, and/or patients who suffered from delirium over the course of
their hospitalization were defined as suffering from “any cognitive impairment”.

Functional status was assessed by the Functional Independence Measure (FIM)**- anamnestic FIM (anFIM), FIM on
admission (FIMa), and FIM on discharge (FIMd).
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Mortality rate was measured three, six and 12 months after hip fracture.

Rehabilitation outcome was measured with the Montebello Rehabilitation Factor Score Revised (MRFS-R).?* The
MRFS-R is calculated according to the following formula:

MRFS-R = ((FIMd — FIMa)/FIMd)/((an FIM — FIMa)/an FIM) x 100.

This index enables an appraisal of the degree that patients realize their rehabilitation potential. For example,
a MRFSR score of 59 indicates that the patient achieved 59% of the rehabilitation potential. Successful rehabilitation
was defined as MRFS-R>50.

Statistical Analyses
Statistical analyses were conducted with the SPSS package (version 26). Continuous variables are presented as means +
standard deviation (SD) and categorical variables are presented as frequencies. Comparisons of variables, according to
HGS and success of rehabilitation, were conducted by #-tests or Mann—Whitney tests for continuous variables, based on
variable distribution, and chi-square tests for categorical variables. Logistic regression models were developed for
success of rehabilitation (MRFS-R>50). Statistical significance was defined as P<0.05 for all tests.

The study was approved by the Helsinki Committee of the Soroka Medical Center (SOR-466-20). This study was
conducted in accordance with the declaration of Helsinki. This study was retrospective and did not require written
informed consent. Patient data were kept confidential in this study.

Results
Over the course of the study period 177 patients underwent rechabilitation in the Geriatrics department and 173
completed the process. One of the four who did not complete the rehabilitation died a few days after admission to the
ward, and the others were transferred to other wards for treatment (orthopedic surgery, general surgery, and intensive
care).

Table 1 shows data on the 173 patients who completed the rehabilitation process and were discharged from the
Geriatrics ward. Their mean age was 81.2 £ 7.2 years, and 118 (68.2%) were women.

The mean HGS was 18.0 + 7.2 kg. Using the different methods of calculation between 62 patients (35.8%) to 102
patients (60.0%) were defined as “sarcopenic” according to HGS.

The Characteristics of Patients by the Different Definitions of Low Muscle Strength
Table 2 shows that regardless of the method used to define patients, sarcopenic patients had common socio-demographic
and clinical characteristics. They were older, more assisted by a nursing caregiver, their MMSE score was lower, more
were defined as suffering from “any cognitive impairment”, and their serum albumin level was lower.

In each of the three methods of categorization of low muscle strength the scores for an FIM, FIMa, and FIMd were
lower in the sarcopenic group and in each of the three methods the “strong” patients had more success in realizing their
rehabilitation potential as reflected in the higher MRFS-R in this group.

For the other variables, the calculation method had a substantial effect on the difference between “sarcopenic” and
“strong”. For example, the only method of calculation that showed a difference between “sarcopenic” and “strong” for
sub-capital fractures was EWGSOP2, and the only method that led to differences in blood urea and one-year mortality
was that of Perez-Rodriquez et al.

Characteristics of Patients Who Underwent Successful Rehabilitation (MRFS-R 2= 50)
A total of 114 patients (65.9%) had successful rehabilitation. Table 3 shows the results of univariate analyses for
sociodemographic and medical variables and rehabilitation success. In comparison with those patients whose rehabilita-
tion was less successful (MRFS-R<50) the group with successful rehabilitation had a higher mean MMSE score (24.3 +
4.7 vs 20.8 + 6.5, respectively, P < 0.001), had a lower rate of dementia (14.9% vs 42.4%, respectively, P < 0.0001),
a lower rate of delirium (14.0% vs 28.8%, respectively, P = 0.025), and fewer patients with any cognitive impairment
(46.5% vs 79.7%, respectively, P = 0.0002). HGS was higher in this group (18.9 + 7.1 vs 16.2 + 7.2, P = 0.022), with
more patients categorized as “strong” based on EWGSOP2 (46.6% vs 30.5%, respectively, P = 0.044) and the
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Table | Study Population Characteristics (N = 173) (Unless Otherwise
Stated, Results are [N (%)])

Variable Result
Sociodemographic variables
Age, mean+SD 81.2+7.2
Gender (male) 55 (31.8)
Family status (married) 72 (41.6)
Nursing caregiver (yes) 105 (60.7)
Education (212 years) 52 (30.1)
Fracture characteristics
Fracture type (intracapsular) 49 (28.3)
Time to surgery, mean+SD I.1£1.5
LoS Orthopedics, mean+SD 3.7+2.6
Medical status
Charlson Comorbidity Total Score (TS), mean+SD 2.1+1.9
Charlson Comorbidity Total Combined Score (TCS), mean+SD 5.8+2.0
Medication number, mean+SD 6.612.7
Dementia 42 (24.3)
MMSE, meanSD 23.1+5.6
BMI, mean+SD 25.14.1
Hand Grip, mean+SD 18.0+7.2
EWGSOP2 (strong) 71 (41.0)
Dynamometer (strong) 98 (56.6)
Perez-Rodriguez (strong) 111 (64.2)
Laboratory variables
Loss of Hemoglobin (g/dl), mean+SD 1.9+1.4
CRP (U), meantSD 10.4+6.4
Creatinine (mg/dl), mean+SD 1.0£0.7
Blood urea (mg/dl), mean+SD 59.7+£38.2
Sodium (mEg/L), mean+SD 138.7+3.8
Albumin (g/dl), mean+SD 3.1£0.3
Complications during hospitalization in GD
Delirium 33 (19.1)
Any infection 51 (29.5)
Venous thromboembolism 12 (6.9)
Pressure ulcers 6 (3.5
(Continued)
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Table | (Continued).

Variable Result
Any cognitive impairment 100 (57.8)
LoS GD 20.8+8.8

Functional status and rehabilitation outcomes

Anamnestic FIM, mean+SD 108.5+14.9
FIM on admission, mean+SD 67.8+12.7
FIM on discharge, mean+SD 87.6+15.7
MRFS-R, mean+SD 59.0+28.9
Successful rehabilitation (MRFS-R20.5) 114 (65.9)

Abbreviations: SD, standard deviation; LoS, length of stay; MMSE, the Mini Mental State
Examination; BMI, body mass index; EWGSOP2, The Revised European Working Group on
Sarcopenia criteria; CRP, C-reactive protein, “Any cognitive impairment”- dementia and/or
delirium and/or MMSE less than expected; GD, Geriatric Department; FIM, the Functional
Independence Measure; MRFS-R, the Montebello Rehabilitation Factor Score Revised.

categorization by Perez-Rodriguez et al (71.1% vs 50.9%, respectively, P = 0.001). Patients defined as “strong” also had
lower levels of serum creatinine (0.9 + 0.5 vs 1.2 + 1.1, respectively, P = 0.004), and urea (55.9 = 54.2 vs 70.4 + 51.3,
respectively, P = 0.008). There were no statistically significant differences for any of the other sociodemographic and
medical variables.

Logistic Regression Analysis Predicting Successful Rehabilitation (MRFS-R=50)
Several logistic regression models were developed for the prediction of successful rehabilitation. HGS was entered into
each model in a different way: as a continuous variable in model 1, as a binary variable (sarcopenic and strong) based on
Perez-Rodriguez et al in model 2, by dynamometer in model 3, and by EWGSOP2 in model 4. In addition, all variables
with a P value <0.1 in univariate analyses were entered into the models (Table 3). For the cognition-related variables
(MMSE, delirium rate, and rate of patients with any cognitive impairment) all of which showed significant associations
in univariate analyses, we decided to use the variable “any cognitive impairment” since it includes MMSE and the rates
of dementia and delirium. Since urea and creatinine were correlated, we decided to use creatinine in the analyses. TCS,
which combines morbidity and age was entered into the model as was sex for purposes of adjustment.

In each of these models (Table 4), any cognitive impairment was an independent predictor of rehabilitation success. In
the model where HGS was entered as a continuous variable each increase of 1 kg in HGS increased the chance of
a successful rehabilitation by 6.8%.

Discussion

In the present study we found that some characteristics that differentiate between sarcopenic and strong HGS groups are
common to all methods of categorization. These include age, cognitive state, serum albumin level, and functional state
prior to and following the fracture, and at the end of an intensive period of rehabilitation. Other differences between the
HGS groups are unique to the specific methods of categorizationfor example, the high rate of sub-capital fractures using
EWGSOP2, or the high mortality rate a year after the fracture by the method of Perez-Rodriguez et al.

Some previous papers reported differences between sarcopenic and strong HGS groups. The results of the study by
Selacovic et al'® was like ours in that the patients with low muscle strength (defined by EWGSOP2) were older, they had
a higher rate of sub-capital fractures, their cognitive level was lower, and their pre-fracture functional level was lower. In
contrast to that study, in the present study we did not find differences between the groups in terms of sex, BMI, and co-
morbidity.
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Table 2 Patients Characteristics by to Different Definitions of Low Muscle Strength

EWGSOP2 Dynamometer Perez-Rodriguez
Low Muscle Strong P Low Muscle Strong P Low Muscle Strong P
Strength (N=71) Strength (N=98) Strength (N=I111)
(N=102) (N=75) (N=62)
Age, mean+SD 83.0+7.2 78.616.2 <0.0001 83.1£7.3 79.7£6.7 0.002 83.4+7.4 79.9+6.8 0.002
Gender (male), n (%) 35 (34.3) 20 (28.2) 0.393 19 (25.3) 36 (36.7) 0.138 24 (38.7) 31 (27.9) 0.144
Family status (married), n (%) 39 (382) 33 (46.5) 0.279 26 (34.7) 46 (46.9) 0.121 23 (37.1) 49 (44.1) 0.367
Nursing caregiver (yes), n (%) 68 (66.7) 37 (52.1) 0.007 54 (72.0) 51 (52.0) 0.008 44 (71.0) 61 (55.0) 0.04
Number of children, mean+SD 3.2+25 2.842.3 0.159 3.3%¥2.7 2.8+2.1 0.119 3.4+2.8 2.8+2.1 0.196
Education (212 years), n (%) 23 (22.6) 29 (40.9) 0.011 16 (21.4) 36 (36.7) 0.0295 14 (22.6) 38 (34.2) 0.111
Fracture type (intracapsular), n (%) 35 (34.3) 14 (19.7) 0.036 27 (36.0) 22 (22.5) 0.061 21 (42.9) 28 (57.1) 0.291
Time to surgery, mean=SD 1.2£1.6 1.0£1.4 0.466 1.3£1.9 1.0£1.2 0.754 1.2+1.4 l.1£1.6 0.439
LoS Orthopedics, meantSD 21.4+9.2 19.948.2 0.424 22.4+9.7 19.5£7.8 0.041 22.7+9.8 19.7+8.0 0.042
Medical status
Charlson Comorbidity Total Score 2119 2.1£2.0 0.994 2.1x1.8 2.1%£2.0 0.842 2.3%1.9 2.0£1.9 0.165
(TS), meanxSD
Charlson Comorbidity Total 6.0+2.0 5.6%2.1 0.078 6.0+1.8 5.7+2.1 0.080 6.2+2.0 5.6+2.0 0.006
Combined Score (TCS), mean+SD
Medication number, mean+SD 6.612.6 6.6+2.8 0.952 6.8+2.5 6.5+2.8 0.519 6.8+2.7 6.5+2.7 0.706
Dementia, n (%) 28 (27.5) 14 (19.7) 0.243 24 (32.0) 18 (18.4) 0.049 23 (37.1) 19 (17.1) 0.003
MMSE, mean+SD 21.9%5.5 24.9+5.3 0.0001 21.4+5.2 24.4+5.6 <0.0001 20.8+5.2 24.4+5.4 <0.0001
BMI, mean+SD 24.5+3.8 26.0+4.3 0.018 24.7+3.8 25.4+4.3 0.244 24.4%3.9 25.2+4.2 0.075
Hand Grip, mean+SD 14.6+5.3 22.8+6.9 <0.0001 12.5£3.9 22.1+6.4 <0.0001 12.9+4.9 20.8+6.8 <0.0001
Laboratory
Loss of Hemoglobin (g/dl), mean+SD 1.8£1.5 2.0+1.4 0.366 1.9+1.5 1.9£1.3 0.945 2.0+1.4 1.9+1.4 0.520
CRP (U), mean+SD 11.2+6.6 9.3+6.0 0.056 11.3£6.6 9.7+6.2 0.060 11.7+6.5 9.7+6.4 0.055
Creatinine (mg/dl), meantSD 1.0£1.0 1.0£0.9 0.817 1.0£0.7 1.0£0.8 0.952 1.1£0.7 1.0£0.8 0.176
Blood urea (mg/dl), mean+SD 61.2+35.4 57.7+42.0 0.364 64.1£39.7 56.4+36.8 0.297 68.1+41.9 55.0+35.2 0.036
Sodium (mEq/L), mean+SD 138.41£4.2 139.1£3.2 0.535 138.6+4.1 138.8+3.7 0914 138.5+4.2 138.843.6 0.797
Albumin (g/dl), mean+SD 3.1+0.3 32404 0.0040 3.1+0.3 3.2+04 0.004 3.0+0.3 3.2+0.4 <0.0001
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Complications during
hospitalization in GD, n (%)

Delirium 24 (23.5) 9 (12.7) 0.080 18 (24.0) 15 (15.3) 0.174 15 (24.2) 18 (16.2) 0.200

Any infection 29 (28.4) 22 (31.0) 0.737 24 (32.0) 27 (27.6) 0.614 19 (30.7) 32 (28.8) 0.802

Venous thromboembolism 7 (6.9) 5(7.0) 0.402 7(9.3) 5(5.1) 0.368 7(11.3) 5 (4.5) 0.092

Pressure Ulcers 549 I (1.4) 0.964 4 (5.3) 2 (2.0) 0.405 3(89) 3(27) 0.462

Any cognitive impairment, n (%) 66 (64.1) 34 (47.9) 0.030 52 (69.3) 48 (49.0) 0.0080 46 (74.2) 54 (48.7) 0.0018
LoS GD 21.4+9.2 19.9+8.2 0.424 22.4+9.7 19.5£7.8 0.0411 22.7+9.8 19.7+8.0 0.0419
Functional status and

rehabilitation outcomes (n),

meanzSD

Anamnestic FIM 105.0£15.8 113.6%11.8 0.0001 102.4+16.0 113.2£12.1 <0.0001 100.4£15.9 113.1£12.1 <0.0001
FIM on admission 65.1+12.2 71.5£12.2 0.0008 62.6x12.1 71.6x11.6 <0.0001 61.5x11.9 71.211.6 <0.0001
FIM loss 40.0+12.2 42.1£11.2 0.238 0.39.8+12.5 41.6x11.3 0.321 38.9+12.7 41.9+11.3 0.114

FIM on discharge 83.1+17.3 93.8+11.2 <0.0001 79.7x17.1 93.5+12.0 <0.0001 78.1£16.9 92.8+12.6 <0.0001
MRFS-R 54.6+30.2 64.5+26.9 0.027 52.9+31.7 63.1+26.4 0.047 51.9+33.3 62.5+26.0 0.021

Mortality, n (%)

3-month 3(29) 342 0.667 3 (7.0 3@3.0) 0.751 3 (48) 3(27) 0.491

6-month 10 (9.8) 342 0.183 8 (10.7) 5(5.1) 0.187 8 (12.9) 5 (4.5) 0.058
| year 14 (13.7) 6 (8.5) 0.299 12 (16.0) 8 (8.2) 0.121 12 (19.4) 8(7.2) 0.022

Abbreviations: EWGSOP2, The Revised European Working Group on Sarcopenia criteria; SD, standard deviation; LoS, length of stay; MMSE, the Mini Mental State Examination; BMI, body mass index; CRP, C-reactive protein, “Any
cognitive impairment”- dementia and/or delirium and/or MMSE less than expected; GD, Geriatric Department; FIM, the Functional Independence Measure; MRFS-R, the Montebello Rehabilitation Factor Score Revised.
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Table 3 Patients Characteristics by Rehabilitation Group

MRFS-R<50 MRFS-R>50 P
(N=59) (N=114)

Age (years), meantSD 82.3+8.1 80.6+6.6 0.143
Gender (male), (%) 20 (33.9) 35 (30.7) 0.731
Family status (married), n (%) 26 (36.1) 46 (32.7) 0.757
Nursing caregiver (yes), n (%) 36 (61.0) 71 (62.3) 0.953
Education (212 years), n (%) 14 (23.7) 38 (33.3) 0.196
Medical status and complication rate
Fracture type (intracapsular), n (%) 19 (32.2) 30 (26.3) 0.261
Charlson Comorbidity Total Score (TS), mean+SD 2.3+2.1 2.0%1.8 0.207
Charlson Comorbidity Total Combined Score 6.2+2.4 5.6%1.8 0.072
(TCS), mean+SD
Medication number, mean+SD 6.3+2.7 6.8+2.7 0.331
MMSE, meanSD 20.8+6.5 24.3+4.7 <0.001
Dementia, n (%) 25 (42.4) 17 (14.9) <0.001
BMI, mean+SD 24.7+4.5 25.3+3.9 0.141
Hand Grip, (Kg), mean+SD 16.2+7.2 18.947.1 0.022
EWGSOP2 (strong), n (%) 18 (30.5) 53 (46.5) 0.044
Dynamometer (strong), n (%) 28 (47.5) 70 (61.4) 0.084
Perez-Rodriguez (strong), n (%) 30 (50.9) 8l (71.1) 0.001
Delirium, n (%) 17 (28.8) 16 (14.0) 0.025
Any infection, n (%) 21 (35.6) 30 (26.3) 0.222
Venous thromboembolism, n (%) 3 (5.1 9(7.9) 0.729
Pressure ulcers, n (%) 2 (34) 4 (3.5) |
Any cognitive impairment, n (%) 47 (79.7) 53 (46.5) 0.0002
Laboratory
Loss of hemoglobin (g/dl), mean+SD 1.8£1.5 1.9+1.4 0.301
Creatinine (mg/dl), mean+SD 1.2+1.1 0.9+0.5 0.004
Blood urea (mg/dl), mean+SD 70.4%51.3 55.9+54.2 0.008
Sodium (mEg/L), mean+SD 138.6+4.8 138.7+3.2 0.881
Albumin (g/dl), mean*SD 3.1+0.3 3.1+0.4 0.564
LoS GD, mean+SD 21.6x10.9 20.4+7.5 0.904

Abbreviations: SD, standard deviation; MRFS-R, the Montebello Rehabilitation Factor Score Revised; LoS, length of stay; MMSE,
the Mini Mental State Examination; BMI, body mass index; EWGSOP2, The Revised European Working Group on Sarcopenia
criteria; CRP, C-reactive protein, “Any cognitive impairment”- dementia and/or delirium and/or MMSE less than expected; GD,
Geriatric Department.

In the study by Perez-Rodriguez et al,'” using their method for definition of low muscle strength, the sarcopenic group
was older, their functional status prior to the fracture and on admission was lower, the percentage of patients with
cognitive impairment was higher, and the serum albumin level was lower. We found similar results in the present study.
We did not find reports in the literature of the categorization of weak HGS and strong HGS, adjusted for age and sex
(according to the instructions of the dynamometer), nor were there reports of comparisons between the groups using the
different methods of definition of low muscle strength.

We found that HGS as a continuous variable was an independent predictor of the success of rehabilitation with the
chance of success increasing by 6.8% with each increase in HGS of 1 kg. Several previous reports identified the
association between HGS as a continuous variable and the outcome of rehabilitation. Thus, in the study by Beloosesky
et al'® where the association between HGS and FIM was assessed at several points over a half year period, the authors
found a significant association between HGS measured at 7-10 days after admission to the ward for rehabilitation and

FIM a half year later in their regression analysis.
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Table 4 Logistic Regression Analysis to Predict Rehabilitation Success (MRFS- R250)

Model Variables OR 95% CI P-value R?

I Gender 0.592 0.233 1.505 0.271 21.6%
TCS 0.984 0.8l 1.195 0.868
Any cognitive impairment 0.279 0.13 0.601 0.001
Creatinine 0.547 0.288 1.037 0.065
Hand Grip 1.068 1.001 1.14 0.046

2 Gender 1.079 0.506 2.304 0.843 20.1%
TCS 0.977 0.808 1.181 0811
Any cognitive impairment 0.265 0.123 0.568 <0.001
Creatinine 0.551 0.291 1.044 0.068
Perez-Rodriguez (low muscle strength) 0.592 0.29 1.209 0.15

3 Gender 0.965 0.45 2.069 0.926 19.3%
TCS 0.969 0.801 1.172 0.747
Any cognitive impairment 0.26 0.121 0.557 <0.001
Creatinine 0.53 0.274 1.025 0.059
Dynamometer (low muscle strength) 0.698 0.347 1.407 0.315

4 Gender 1.09 0.509 2333 0.825 20.2%
TCS 0.974 0.806 1.177 0.783
Any cognitive impairment 0.256 0.12 0.545 <0.001
Creatinine 0.528 0.277 1.006 0.052
EWGSOP2 (low muscle strength) 0.581 0.281 1.201 0.143

Abbreviations: MRFS-R, the Montebello Rehabilitation Factor Score Revised; OR, odds ratio; Cl, Confidence Interval; TCS, Charlson Comorbidity
Total Combined Score; EWGSOP2, The Revised European Working Group on Sarcopenia criteria.

Savino et al” who investigated walking recovery over the course of a year following hip fracture found, in a logistic
regression model that a 1 kg increase in HGS increased the chance for recovery of independent walking by 6%.
Hershkovitz et al'> measured the success of rehabilitation using a method that was very close to the one used in the
present study. They used the Montebello Rating Factor Score (MRFS)** based on motor FIM, with a score above 50
considered a successful rehabilitation. In their logistic regression analysis cognitive score and HGS were independent
predictors of rehabilitation success with each increase of 1 kg of HGS increasing the chance of successful rehabilitation
by 6.6%.

The study has several strengths. To our knowledge it is the first study to compare different methods of categorization
in “sarcopenic” and “strong HGS groups”. We used a comprehensive electronic medical record that enabled us to
consider different, clinically important variables. We believe that the method that we developed in the past™ to measure
success of rehabilitation (and have used in other studies) reflects optimally the patient’s rehabilitation potential.

However, the study also has several limitations. This is a retrospective study and even though we collected data from
a comprehensive database there were important variables that we could not include in the studyfor example, we were not
able to calculate co-morbidity by the Cumulative Illness Rating Scale for Geriatrics (CIRS-G),”> which is considered
very effective in predictions related to patients after hip fracture.”* We also did not collect data on instrumental activity of
daily living, mood status, and quality of life. Such data, without doubt, could have added to our understanding of the
rehabilitation process. The study population was relatively small. We did not collect routine data on patients’ functional
state after discharge from the department, so this study provides information on short-term functional recovery only.

In summary, in this retrospective study we found that HGS is an independent predictor of rehabilitation success. HGS,
a simple and on-hand test, can provide important information during the planning stages of the rehabilitation process for
patients following surgical repair of hip fracture.
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