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Abstract. [Purpose] To analyze the correlation between the timed up-and-go time and functional independence
measure total score in postoperative elderly patients with vertebral and hip fractures. [Participants and Methods]
The total functional independence measure scores and timed up-and-go times of 87 Japanese patients aged >65
years with a history of vertebral or hip fracture surgery were analyzed. Patients were classified based on age (<85
or >85 years), sex (female or male), fracture type (vertebral or hip fracture), and postoperative period (early or late).
[Results] In the comparative analyses between the two datasets within the groups, significant differences were ob-
served in functional independence measure scores and timed up-and-go times between patients in the early and late
postoperative periods. In the correlation analyses using functional independence measure scores and timed up-and-
go times, significant negative correlations were observed in all groups, except for one group of patients in the late
postoperative period. In the contingency table analyses, several patients with low functional independence measure
scores had a timed up-and-go time of >35 s. Receiver operating characteristic curve analysis indicated that a timed
up-and-go time of >35 s can be a predictive marker of nursing care requirement in the early postoperative period.
[Conclusion] In the present study, we clarified the relationship between functional independence measure score and
timed up-and-go time in postoperative elderly patients with vertebral and hip fractures and confirmed that timed
up-and-go time is a predictive marker of nursing care requirement.
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INTRODUCTION

The aging of the population in developed countries is progressing rapidly). Among developed countries, Japan has the
highest aging rate"). Therefore, in Japan, there is high demand for nursing care for elderly people. Within the elderly popula-
tion, the more fractures caused by falls that they sustain, the more nursing care they will require?). When elderly people
experience vertebral/hip fractures caused by falls, they will certainly require complete nursing care in the acute period.
However, it is also necessary to predict whether patients will need nursing care in the postoperative period. In this study, we
intended to evaluate postoperative elderly patients with vertebral/hip fractures using a combined assessment of the Functional
Independence Measure (FIM) score and the Timed Up & Go (TUG) time.
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The FIM score is widely used throughout the world®. In addition to the FIM score, there are several other assessment
tools for evaluating daily life activities including the Barthel Index®. However, among these measures, the FIM is the most
widely accepted functional assessment measure in the rehabilitation community because the FIM exhibits the best evaluation
in terms of reliability, validity, and responsiveness®. The prototype of the FIM was reported by Keith et al. in 1987, but the
items within this prototype were not identical to those of the current version. The current version of the FIM has a total of 18
items (13 motor items and 5 cognitive items), and each item is scored on a 7-point scale based on the degree of dependency.
When the degree of dependency is “no helper”, the examinee receives 6 or 7 points. When the degree of dependency is
“modified dependence on a helper”, the examinee receives 3, 4, or 5 points. When the degree of dependency is “complete
dependence on a helper”, the examinee receives 1 or 2 points.

The TUG test is a mobility measure that assesses balance and the risk of falling. The TUG test measures the time it takes
for a person to stand up from a chair, walk to a target point 3 meters away, turn around, and sit back down in a chair. This test
was first reported by Podsiadlo et al. in 19919). There have been many reports on the use of the TUG time to evaluate motor
impairment in aging”), stroke®), chronic obstructive pulmonary disease”, Parkinson disease!?, and hip fractures!), among
other conditions. However, Barry reported that the TUG time has limited ability to predict falls in community-dwelling
elderly people'?. Thus, we questioned whether the TUG time is useful for predicting the necessity of nursing care in postop-
erative elderly patients with vertebral/hip fractures caused by falls.

In order to answer the above question, we conducted a study with elderly patients in Japan who had undergone spinal
or hip fracture surgery and investigated the possibility of predicting the nursing care requirement (NCR) by the TUG time.

PARTICIPANTS AND METHODS

We conducted a two-center, retrospective observational study at Komenoyama Hospital (Omuta, Japan) and Sakata Or-
thopedic Clinic (Okayama, Japan). Patients with a history of vertebral or hip fracture surgery were collected from January to
December 2019. In this study, we included only patients with an interval of less than 1 week between FIM score measurement
and the TUG test. The exclusion criteria were (1) patients younger than 65 years, (2) patients with dementia who were unable
to follow simple instructions, and (3) patients with motor dysfunction who were unable to get up from a chair.

Eighty-nine patients with a history of vertebral or hip fracture surgery were enrolled in this study, among whom 87
were included in the analyses. All patients who participated in this study were already in a stable postoperative condition
and undergoing rehabilitation. The patients were classified by age (<85 or >85 years), sex (female or male), fracture type
(vertebral or hip fracture), and postoperative period (early or late). This study was approved by the Kobe Gakuin University
Research Ethics Committee on October 27, 2023 (reference no. 23-06). Informed consent was obtained from all patients
involved in this study.

We used the Japanese form of the FIM™ version 3.0'3 4), which has culturally relevant modifications for some of the
items!> 19, The FIM score was determined by physical therapists. We initiated this study with the hypothesis that a total FIM
score of >90 points reflects an independent condition (requiring no nursing care) and that a total FIM score of <90 points
reflects a dependent condition (requiring nursing care). Thus, the operational definition of requiring nursing care was the
condition of having a total FIM score of <90 points for the motor and cognitive items.

Participants in this study were administered the TUG test in accordance with the original method reported by Podsiadlo
and Richardson®. The participants were asked to walk at their usual walking speed. All movements in the TUG test were
performed at a comfortable and safe pace. Whether the participant turned around in a clockwise versus a counterclockwise
direction was left to the individual patient, and the TUG time was measured twice, with the second value used as the result.

In this paper, for analysis, patients with vertebral fractures who had passed the acute phase were considered as postopera-
tive patients, regardless of whether they underwent surgery or not. The Shapiro—Wilk test was used to confirm normality.
Continuous and normally distributed data are presented as the mean value with standard deviation. Normally distributed
data were compared using Student’s t-test or Welch’s t-test, while non-normally distributed data were compared using the
Mann—Whitney U test. Correlations between two variables were evaluated by the Spearman correlation coefficient (non-
normally distributed data). Categorical data were compared using Fisher’s exact test (contingency table analysis). Receiver
operating characteristic (ROC) analysis was performed using the cut-off value determined by crosstabulation analysis. R
program (ver.4.3.2) was used to test for significant differences!”). All statistical tests were two-tailed, and a p-value <0.05
was considered statistically significant.

RESULTS

The demographics information of the patients who participated in this study is shown in Table 1. We analyzed 87 patients
with a mean age of 82.3 + 6.9 years. Regarding sex, there were 67 women and 20 men. It should be noted that the number
of women was three times higher than that of men. All patients had a medical history of vertebral or hip fracture; 40 had
a vertebral fracture, and 47 had a hip fracture. They had undergone surgery before participating in the study; 49 had less
than 2 months of postoperative follow-up time (early postoperative period), and 38 patients had more than 12 months of
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postoperative follow-up time (late postoperative period). The mean total FIM score was 110 £ 20.0, and the mean TUG time
(s) was 20.8 = 13.8.

Comparative analyses between two datasets within the groups were conducted. Table 2 shows the results of the compara-
tive analyses between the old and young patients. The proportion of patients with hip fractures was significantly higher in the
old patient group (>85 years of age) than in the young patient group (<85 years of age). However, there were no significant
differences in the total FIM scores or TUG times between these two patient groups. Table 3 showed the results of comparative
analyses between female and male patients. The mean age of the female patients was significantly higher than that of the
male patients. However, there were no significant differences in the total FIM scores or TUG times between these two groups.
Table 4 showed the results of comparative analyses between patients with vertebral fracture and patients with hip fracture.
There were no significant differences in the total FIM scores or TUG times between these two groups. Table 5 showed the
results of comparative analyses between patients in the early postoperative period and patients in the late postoperative pe-
riod. There were significant differences in the total FIM scores (p<0.01) and TUG times between these two groups (p<0.01).

To examine the possibility of prediction of nursing care requirement (NCR), a correlation analysis was conducted. Table 6
shows the results of correlation analyses between the TUG time and total FIM score in all patients and each group categorized

Table 1. Demographic backgrounds of the patients (n=87)

Age (years) 82.3+6.9
Number of patients by sex (Female : Male) 67:20
Weight (kg) 484+6.9
Heigt (cm) 152.7 £ 8.1
Number of patients by type of fracture (Vertebral : Hip) 40: 47
Number of patients by postoperative period (Early : Late) 49 :38
Total FIM score 110.0 £ 20.0
TUG (s) 20.8 +13.8

Early (less than 2 months), Late (more than 12 months).
FIM: functional independence measure; TUG: timed up & go.

Table 2. Comparative analysis between old and young patients

Old (n=37) Young (n=50)
Number of patients by sex (Female : Male) 32:5 35:15
Weight (kg) 479+59 489+7.6
Heigt (cm) 152.6 +479 152.8 9.0
Number of patients by type of fracture (Vertebral : Hip) 12:25 28:22 *
Number of patients by postoperative period (Early : Late) 17 :20 32:18
Total FIM score 109.0 +21.5 110.7 £ 18.8
TUG (s) 23.4+15.9 18.8 £11.8

*p<0.05.

Young (<85 years of age), Old (=85 years of age).

Early (less than 2 months), Late (more than 12 months).

FIM: functional independence measure; TUG: timed up & go.

Table 3. Comparative analysis between female and male patients

Female (n=67) Male (n=20)
Age (years) 83.3+£6.6 79.2+6.8 *
Weight (kg) 479+6.9 50.5+6.8
Heigt (cm) 151.1+8.3 158.0+4.7
Number of patients by type of fracture (Vertebral : Hip) 28:39 12:8
Number of patients by postoperative period (Early : Late) 35:32 14:6
Total FIM score 109.8 +£20.5 110.6 £ 18.3
TUG (s) 20.2+13.2 22.5+159

*p<0.05.
Early (less than 2 months), Late (more than 12 months).
FIM: functional independence measure; TUG: timed up & go.
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Table 4. Comparative analysis between patients with vertebral and hip fractures

Vertebral (n=40) Hip (n=47)
Age (years) 80.3+6.4 84.0+6.9
Number of patients by sex (Female : Male) 28:12 39:8
Weight (kg) 499+538 472+76
Heigt (cm) 152.5+9.1 152.8 £7.3
Number of patients by postoperative period (Early : Late) 10: 10 29:18
Total FIM score 113.4 + 18.1 107.1 £21.1
TUG (s) 18.5+12.4 227+ 14.7
Early (less than 2 months), Late (more than 12 months).
FIM: functional independence measure; TUG: timed up & go.

Table 5. Comparative analysis between early and late postoperational periods
Early (n=49) Late (n=38)

Age (years) 81.3+7.7 837+53
Number of patients by sex (Female : Male) 35:14 32:6
Weight (kg) 483 +£8.7 487 +3.7
Heigt (cm) 1504 +£9.3 155.6 £5.1
Number of patients by type of fracture (Vertebral : Hip) 20:29 20:18
Total FIM score 979+ 19.3 125.5+0.9 Hokk
TUG (s) 26.5+15.3 13.4+6.4 ek
***p<0.001.

Early (less than 2 months), Late (more than 12 months).
FIM: functional independence measure; TUG: timed up & go.

Table 6. Correlation analysis for TUG time and FIM score

Groups Correlation coefficient and 95% CI
All patients (n=87) —0.69%** (=0.79, 0.56)
Age Young (n=50) —0.52%** (=0.70, 0.29)
old (n=37) —0.85%** (-0.91, 0.72)
Sex Female (n=67) —0.64%** (=0.77, 0.48)
Male (n=20) —0.87%** (—0.95, 0.70)
Fracture Vertebral (n=40) —0.50%* (-0.70, 0.22)
Hip (n=47) —0.80%** (—0.88, 0.66)
Postoperative period Early (n=49) —0.61%** (-=0.76, 0.40)
Late (n=38) 0.17 (-0.16, 0.46)

***p<0.001.

Young (<85 years of age), Old (=85 years of age).

Early (less than 2 months), Late (more than 12 months).

FIM: functional independence measure; TUG: timed up & go; CI: confidence interval.

by age, sex, fracture type, and postoperative period. Significant correlations were observed in all patient groups except one.
The late postoperative period group showed no correlation between the TUG time and total FIM score.

Then, we tested whether a TUG time of 35 s can be the prediction marker of NCR. Table 7 shows the contingency table
analysis results for the TUG time. The odds ratio for a TUG time of >35 s when comparing early postoperative period patients
with late postoperative period patients was 34.6 (95% CI, 3.9—1080.2, p<0.001). The odds ratio for a TUG time of >35 s when
comparing a total FIM score of <90 points with a total FIM score of >90 points was 71.5 (95% CI, 11.1-701.1, p<0.001).

Finally, we performed ROC analysis using the data from patients in the early postoperative period (Fig. 1). The objective
variable was a total FIM score of <90 points, and the explanatory variable was the TUG time. Here, the data from patients in
the late postoperative period were omitted because no correlation was observed in this group (Table 6). Figure 1 shows the
ROC analysis results in this study. The area under the curve (AUC) was 0.82, and the Youden Index was 36.9 s, which was
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Table 7. Fisher’s exact test for frequency of patients with TUG time of >35 s

Groups Odds 95% CI
Age Young 1 -

Old 3.29 0.91, 13.62
Sex Female 1 -

Male 0.79 0.20, 3.85
Fracture Vertebral 1 -

Hip 272 0.72,12.83
Postoperative period Late 1 -

Early 34.60%** 3.86, 1080.2
FIM score >90 points 1 -

<90 points 71.5%** 11.1, 701.1
***p<0.001.

Young (<85 years of age), Old (>85 years of age).
Early (less than 2 months), Late (more than 12 months).
FIM: functional independence measure; TUG: timed up & go; CI: confidence interval.
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Fig. 1. Receiver operating characteristic (ROC) analysis between timed up & go (TUG) time and functional
independence measure (FIM) scores of the patients in the early postoperative period.
The area under the curve (AUC) was 0.82, and the Youden Index was 36.9 s.

close to the cut-off value (35 s) used in the contingency table analysis. The results confirmed that a TUG time of >35 s could
be considered as a predictive factor for a total FIM score of £90 points (requiring nursing care).

DISCUSSION

The TUG time and total FIM score are usually correlated with increasing age in community-dwelling people'®. However,
in our study, there were no significant differences in the total FIM scores or TUG times between the older patient group (=85
years of age) and the younger patient group (<85 years of age). This result may reflect the effect of fractures and/or surgeries
on the TUG time and total FIM score in elderly people. Nonetheless, we did not observe any significant differences in the
total FIM scores or TUG times between patients with vertebral fractures and patients with hip fractures.

Thus, we sought to examine the relationship between the TUG time and total FIM score. According to our study, the TUG
time (>35 s) was closely related to the total FIM score (<90 points) in patients in the early postoperative period. This finding
was observed in all groups regardless of categorization by age, sex, or fracture type (Table 6). Lee et al. reported a relationship
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between the TUG time and FIM scores in patients with stroke'?) and suggested that the TUG time and FIM scores are closely
related in patients with motor dysfunction in the lower extremities. Thus, the TUG time can be a good marker to predict the
NCR of postoperative elderly patients with vertebral/hip fractures, especially for patients in the early postoperative period.

Next, the validity of the cutoff value of TUG time used in this study needs to be confirmed. As mentioned in the Methods
section, we began this study with the hypothesis that a total FIM score of >90 points reflects an independent condition
(requiring no nursing care) and that a total FIM score of <90 points reflects a dependent condition (requiring nursing care).
The cut-off of the TUG test has not been clearly defined yet, and distributions of the TUG test results depend on the specific
protocols (usual pace or maximal effort for walking speed) employed and patient demographics, according to previous
studies?*2?) In this study, patients were asked to walk at their usual walking speed in the TUG test, and the cut-off value of
the TUG was 35 s.

A contingency table analysis in our study showed that a TUG time of greater than 35 s was often observed in patients
with a total FIM score of <90 points, that is, in those patients requiring nursing care (Table 4). The ROC analysis results also
suggested (with a high AUC value: 0.82) that a TUG time of >35 s can predict the NCR of early postoperative patients with
vertebral/hip fractures (Youden Index: 36.9 s) (Fig. 1).

Interestingly, a long TUG time (>35 s) was not always related to a low total FIM score (<90 points) for patients in the
late postoperative period. Some of the late postoperative period patients had high total FIM scores and long TUG times,
suggesting that they walk slowly but that they can do things independently in their daily lives. The postoperative period may
be a major factor determining the level of independence in daily activities among patients with vertebral/hip fractures.

Although it is commonly known, elderly people do not need to walk fast to prevent fractures caused by falls. A slow
walking speed and/or walking with a cane are beneficial for improving the lives of elderly people with diseases®> 23). Our
study has confirmed two important points: (1) independent living is possible even if the TUG-related abilities have not fully
recovered, and (2) elderly people do not need to walk fast to prevent fractures caused by falls. Therefore, this work should
send an important message to late postoperative patients.

The limitations of this study include the small number of patients who participated in this study and the unavailability of
longitudinal observations for each patient.

In conclusion, we found that the TUG time can be a predictive marker of NCR in early postoperative period patients with
vertebral or hip fractures. Interestingly, some patients in the late postoperative period exhibited long TUG times, but they
could function independently in their daily lives.
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