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ABSTRACT

Background: The timed up and go (TUG) test is widely used for assessing treatments effectiveness on elderly
mobility. Although the TUG test consists of different tasks (e.g. walking and turning), the total TUG duration
(TTD) is usually the only outcome measure, with TTD shortening indicating the patient’s improvement.
Research question: Does TTD shortening reflect the improvement of each TUG tasks or does it reflect the im-
provement of only some of them?

Methods: This retrospective study recruited 120 elderly patients (mean, SD: 76.9, 6.6 years) admitted to in-
patient rehabilitation because of an acute or chronic neurological disease (acute patients, AP; chronic patients,
CP). TTD and TUG tasks duration was measured on admission and discharge (five trials/session) by means of the
instrumental TUG test (ITUG). Likelihood ratios (LRs) were used for inferring TUG tasks improvement from TTD
improvement. TTD and TUG tasks have improved if at least four measurements on discharge were shorter than
the shortest measurement on admission.

Results: TTD improvement per se is not enough to claim that all the TUG tasks have improved (LRfp = 1.32;
LR, = 1.85). Conversely, if TTD has not improved, not even a single TUG task has improved (LRxp = 0.13;
LRy = 0.19). If TTD has improved, there is at least one TUG task that actually improved (LRjp = 3.17;
LR{p = 9.54). The improvement of all TUG tasks can be only inferred in the (unusual) event of a large TTD
shortening (AP: > 39%, LRXp = 6.26; CP: > 30%, LR = 9.0).

Significance: In most cases, TTD improvement is not associated with the improvement of all TUG tasks.
Moreover, when TTD has improved there is at least a TUG task that has improved, but that remains unknown. To
actually understand how treatments ameliorate patients’ mobility, ITUG with TUG task duration measurement
should be preferred to TTD.

1. Introduction

the trunk) while completing the conventional TUG test. Acceleration
and angular velocity recorded by the inertial sensor during the ITUG

The timed up and go (TUG) test [1,2] is widely used in elderly
patients with a range of mobility impairments for evaluating basic lo-
comotor activities (i.e. standing up, walking, turning around and sitting
down). In this patients’ population, the TUG test is a common outcome
measure for assessing the effectiveness of treatments, including drugs
[3] and rehabilitation [4]. As an outcome measure, the TUG test is
employed not only in clinical trials [5], but also at a single subject level
in routine clinical practice.

Inertial sensors (e.g. accelerometers and gyroscopes) are more and
more used in health assessment [6]. In the instrumental timed up and
go (ITUG) test, participants wear inertial sensors (commonly secured to
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test are used to split the test into its different phases (e.g. sit to walk,
walking), which are eventually measured (e.g. phase duration).

When used to measure treatment effectiveness, the shortening of the
total TUG duration (TTD) marks the improvement of the patients’
performance. However, when a patient shortens his/her TTD the clin-
icilan wonders whether this modification reflects the homogeneous
improvement of all the TUG phases (i.e. locomotor tasks) or the im-
provement of only some of these. Put it simply: what does “the patient’s
TUG is improved” mean? Thanks to the ITUG it becomes possible to
explore this issue. For a clinician, this is an important question, both
when the TUG test is used as an outcome measure in clinical trials and
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in everyday practice.

In fact, it is obvious that the tasks assessed by the TUG test (such as
moving from sitting to standing, walking in a straight line or along a
curved trajectory) represent fundamental tasks for patients’ daily lives.
Difficulty in turning is a risk factor for falls in patients with a neuro-
logical disease [7] and difficulty or slowness in moving from sitting to
standing is a known falls risk in the elderly [8]. Clinical trials showed
that the improvement of the sit to stand movement (e.g. in mild Par-
kinson disease patients [9]) or the increase in walking speed (e.g. in the
elderly [10]) are associated to a reduction of the risk of falling.

If there were evidence that the TTD shortening reflects the uniform
shortening of all the TUG phases, the clinician could reasonably infer
the improvement of all the tasks making up the TUG test from the
improvement of the TTD. On the contrary, if this evidence does not
exist, it would be erroneous to claim the improvement of the patients’
ability to move from sitting to standing, to walk and turn just because of
the TTD reduction (a tempting unwarranted conditional). In this case, the
clinician can only conclude that the overall patient’s mobility is
changed [11].

Aim of the current work is to unveil how rehabilitation modifies the
TUG phases duration and thus the TTD. To this aim, we recorded the
ITUG in elderly patients with a locomotor impairment caused by a
neurological disease, both at the beginning and end of a rehabilitation
program consisting in physiotherapy and occupational therapy. These
results are then analysed and discussed in the responsiveness frame-
work [12].

2. Methods
2.1. Participants

We conducted a retrospective cohort study, in which we recruited
120 consecutive patients attending the rehabilitation clinic of Casa di
Cura del Policlinico in Milano (May 2016 — January 2018).

Patients were included if i) older than 65 years, ii) admitted to re-
habilitation because of a neurological disease, iii) able to complete the
TUG test without touching assistance. Patients were excluded because
of i) an acute medical condition, ii) a condition causing per se a loco-
motor impairment (e.g. lower limb amputation), iii) an admission TUG
test longer than 40 s or iv) shorter than 10s.

All patients participated in a rehabilitation program consisting in
inpatient physiotherapy and occupational therapy one-on-one sessions
(physiotherapy: two sessions/day, 45 min each, five days/week; occu-
pational therapy: one session/day, 45 min each, three days/week).

Physiotherapy and occupational therapy interventions were devel-
oped in accordance with international consensus (e.g. [13]). However,
therapists were free to modulate the exact exercise program according
to the patients’ needs and compliance.

For the current analysis, we split the patients’ sample in acute and
chronic patients. Acute patients are those admitted to rehabilitation
because of a neurological disease occurred within the month before the
rehabilitation admission. As an example, stroke patients who had their
cerebrovascular accident one week before the rehabilitation admission
were classified as acute patients. By contrast, Parkinson disease patients
are typical chronic patients. There is no a priori reason to assume that
the TUG changes the same in acute and chronic patients. On the con-
trary, it is a common clinical finding that the improvement expected
after rehabilitation is larger in acute than chronic patients and so the
pattern of improvement could also be different. For these reasons we
analysed the acute and chronic conditions separately. Moreover, pre-
cisely because the amount of improvement is expected to be smaller in
chronic than acute patients, we decided to recruit more chronic (70)
than acute (50) patients.

At our knowledge, there are no guidelines for choosing the right
sample size in responsiveness studies. Previous works assessing the
responsiveness of instrumental movement measures recruited about 20
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Table 1

Patients’ demographics. Stroke: patients with hemiparetic gait because of a
stroke; PNP: peripheral neuropathy; VP: vascular parkinsonism; PD: Parkinson
disease; LSS: lumbar spinal stenosis with polyradiculopathy; NMD: neuromus-
cular disorders; TBI: traumatic brain injury. Acute PNP patients were affected
by Guillain-Barré syndrome. Both acute and chronic LSS patients were affected
by lumbar spinal stenosis with polyradiculopathy, but acute LSS only had spinal
surgery (e.g. laminectomy plus fusion) within one month before the admission
evaluation. Chronic NMD patients were affected by early amyotrophic lateral
sclerosis or Kennedy disease. The single acute NMD patient was affected by
statin-induced myopathy.

Acute patients Chronic patients

(n =50) (n=70)
Mean age (SD), years 77.8 (6.6) 76.4 (6.5)
Number of females (%) 23 (46%) 31 (44.3%)
Diagnosis, number of Stroke 36 7
patients PNP 2 21
VP 0 15
PD 0 13
LSS 5 6
NMD 1 6
TBI 5 0
Myelopathy 1 2
FIM motor (IQR), score Admission 40 (32.3) 73.5 (10.3)
Discharge 70 (14.5) 78 (13)
Number of patients usinga  Admission 35 (50.0%) 19 (27.1%)
walking aid (%) Discharge 23 (32.9%) 15 (21.4%)

participants [14,15] and thus the current sample size seems appro-
priate.

When possible, patients were tested without gait aid. A gait aid was
used (commonly a walker), if the measuring clinician judged that the
risk of falling during the test was too high.

Table 1 reports patients’ demographics.

All participants gave their written informed consent to participate in
the study, which received internal ethical approval (PRO.05.M.03).

2.2. Mobility assessment: the TUG test

For each patient, the ITUG test was recorded at the beginning and at
the end of the rehabilitation program. The ITUG was recorded ac-
cording to the very same protocol detailed in our previous work [16].
Briefly, the conventional three-meters TUG test was performed [17].
Participants were asked to get out of the chair, walk three meters, turn
around, walk back to the chair and sit down, prompted by a go signal.
During the TUG test, subjects wore a commercial inertial measurement
unit (mHT-Mhealth technologies, Bologna, Italy) secured to their lower
back.

In each measuring session, the TUG test was repeated five times
each (five trials/session). To avoid falls during the tests, patients were
instructed to use a comfortable walking speed.

2.3. Data analysis and statistics

Signals recorded by the inertial measurement unit were used to
measure the total TUG duration (TTD) and to subdivide the TUG test
into five phases (sit to stand, STS; walk 1, W1; turn 1, T1; walk 2, W2;
turn and sit, TAS). Details on the ITUG splitting procedure can be found
elsewhere [16] and are also given as Supplementary data file 1.

We used two complementary approaches (population analysis vs
single-subject analysis), which both adopt statistics from the respon-
siveness theory [12], to assess the way rehabilitation modifies the
duration of the TUG phases and the TTD.

In the population analysis, paired t-tests were used for comparing the
sample TUG measures on admission and discharge. With this analysis,
we examined whether rehabilitation improves TTD or the duration of
the ITUG phases in the population of patients considered as a whole. The
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Fig. 1. TTD and TUG tasks in a single representative patient. Dots: TTD or TUG tasks duration in a single trial on admission (A) and discharge (D). Horizontal dashed
line: the best trial recorded on admission. TTD, W1 and TAS got better (filled dots), while STS, T1 and W2 did not (empty dots).

Cohen’s d was chosen as an effect size measure to quantify the differ-
ence between discharge and admission mean measures. Cohen’s d was
classified according to Cohen [18] so as to indicate a large (d=0.8),
medium (0.5 < d < 0.8), small (0.2 = d < 0.5) or negligible (d < 0.2)
improvement. The mean value of the five trials was used in the popu-
lation analysis.

In the single-subject analysis, we examined in each single patient who
took part to the study whether rehabilitation improved TTD or the
duration of the ITUG phases. For this analysis, a patient was considered
actually improved if at least four out of five measurements on discharge
were better than the best of the five measurements collected on ad-
mission (at least four non-overlapping data). Fig. 1 reports the TTD and
TUG tasks duration in a single representative subject, before (admis-
sion) and after (discharge) completing the rehabilitation program. Ac-
cording to the single-subject analysis, this patient improved her W1 and
TAS while no substantial modification was observed for STS, T1 and
W2. The TTD was also shorter on discharge than admission. The defi-
nition of improvement we applied here to single subjects is in ac-
cordance with research on Single-Subject Experimental Design [19].

Positive (*) and negative () likelihood (LR) ratios were calculated
to evaluate if, in the case of TTD improvement, it can be claimed the
improvement of all the tasks making up the TUG test. Two approaches
were used, both using the modification of TTD as a diagnostic test for
detecting the improvement of all the TUG tasks.

The first one evaluated the diagnostic accuracy of the TTD im-
provement independently of the amount of the improvement. More
specifically, the test was considered positive (thus indicating the im-
provement of all the TUG tasks) if at least four TTD on discharge were
shorter than the shortest TTD recorded on admission. A conventional
sensitivity and specificity analysis was thus run and LRs eventually
calculated.

The second approach evaluated if the TTD improvement above a
certain threshold can be used to claim the improvement of all the TUG
tasks. The amount of TTD improvement (TTD improvement ratio,
TTDj ratio) Was calculated as follow:

TTDi.ratio = (TTDadrnissicn - TTDdischarge) / TTDadmissiom
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with both TTD.dmission a0d TTDgjscharge mean of five trials. We preferred
(TTDadmission = TTDdischarge) SO that larger the TTD; ra40, larger the pa-
tient’s improvement (the higher, the healthier). The area under the
curve (AUC) of the receiver operating characteristic (ROC) curve was
used to evaluate the ability of TTD; ;40 to detect the improvement of all
five TUG tasks and LRs were calculated for choosing the optimal
threshold of the TTD; ratio-

LR* >5 and LR™ < 0.2 can be considered clinically useful for
confirming and excluding a diagnosis, respectively, while LR* > 10
and LR~ < 0.1 are commonly considered clinically conclusive [17]. For
significance tests and confidence intervals (subscript in square brackets
for better readability), the conventional 0.05 type I error probability
was chosen.

All analyses were done in R 3.3.0 [20] (packages: effsize [21], epiR
[22], OptimalCutpoints [23],plotROC [24], ggplot2 [25], cowplot
[26D.

3. Results

The population analysis showed that, on discharge, acute patients
significantly shortened their TTD and the duration of each individual
TUG task. Chronic patients improved their TTD and all the TUG phases
but STS duration (Fig. 2 and Table 2).

Acute patients’ improvement was much larger than that of chronic
ones, as highlighted by the effect size measure (Fig. 3A). In acute pa-
tients, Cohen’s d indicated a large improvement of TTD, W1, T1, W2
and TAS and a medium improvement of STS. In chronic patients, Co-
hen’s d indicated a medium improvement of TTD, W1 and TAS, a small
improvement of T1 and W2 and a negligible improvement of STS.

At a single-subject level, the probability of a single patient of getting
better was larger in acute than chronic patients and, both acute and
chronic patients, more likely improved their TTD rather one of the TUG
tasks (Fig. 3B).
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Fig. 2. Population data. Mean (and 0.95 CI for the mean) of the TTD and TUG tasks’ duration in acute and chronic patients, on admission (A, red dots) and discharge
(D, blue dots). All measures but sit to stand in chronic patients (empty dots) were significantly larger on A than D (filled dots) (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article).

3.1. How do TUG tasks change when TTD shortens? LR analysis of single
subjects’ data

For this analysis, we used the TTD modification as a test (improved
TTD: positive test; unimproved TTD: negative test) and calculated po-
sitive and negative LRs to evaluate if this test can be used to claim the
improvement of all the TUG tasks. With this regard, among acute pa-
tients, only 13 out of 50 (i.e. 26%) improved all five TUG tasks and this
percentage is even lower in chronic patients (7 out of 70, i.e. 10%).

The LRs analysis showed that there is no guarantee that all the TUG
tasks are shorter (i.e. improved) when TTD is improved, both in acute
(LR™: 1.32 [1.10-1.507) and chronic (LR*: 1.85 [1 4s_ .33]) patients.

However, in chronic patients, if TTD is improved, it can be con-
cluded that there is at least one TUG task that is actually improved
(LR*: 9.54 [555 36.107)- In acute patients, the conclusion that at least
one TUG task is improved if TTD is improved is much weaker (LR™":

Table 2

3.17 [0.98-10.281)- On the contrary, if TTD is not improved, there is good
evidence that not even a single TUG task is improved, both in chronic
(LR™: 0.19 [0'10_0.35]) and acute patients (LR7:0.13 [01)5_0'37]).

Fig. 4 shows the ROC curves for the different cutpoints of TTD; ratio-
The AUC of the ROC curves was significantly larger than 0.5, both for
acute and chronic patients (0.89 [0.80-0.997 and 0.95 [0.90-1.00], r€Spec-
tively). The LRs analysis showed that, in chronic patients, there is
strong evidence that patients whose TTD; ., is larger than 0.30 actu-
ally get better in all five TUG task (LR™: 9.0 [3.97_20.417), While patients
whose TTD; ratio is smaller than 0.30 do not (LR7: 0.16 [0_03_0'97]). Si-
milarly, acute patients whose TTD; a4, is larger than 0.39 likely get
better in all five TUG tasks (LR*: 6.26 [26s-14.617) and acute patients
whose TTD; yati0 is smaller than 0.39 likely do not (LR ™: 0.18 0.05-0.647)-

At last, among the 59 chronic patients whose TTD; ¢, Was smaller
than 0.30 (and thus flagged as unimproved), there were 36 patients (i.e.
61.0%) who improved at least one of the five TUG tasks. More

Total TUG duration and TUG tasks duration, population analysis. Data plotted in Fig. 2 are also given here in tabular form. TTD and TUG tasks are significantly
shorter on discharge than admission (Student's t-test, paired sample, p < 0.001) with the only exception of STS in chronic patients (Student's t-test, paired sample,
p = 0.14; lowercase italics). TTD and TUG tasks duration is given in seconds (s). Cohen’s d: paired Cohen’s d statistics. Probability of getting better: proportion of

improved patients according to single subjects analysis.

TTD and TUG Admission, mean duration (s) Discharge, mean duration (s) Cohen’s d Cohen’s d classification Probability of getting better
tasks [SD] [SD] [0.95 CI] [0.95 CI]

Acute patients TTD 22.0 [7.61] 14.8 4.901 1.22 (o078 . 1661  Large 0.82 (068 - 0.91]
STS 2.04 1.y 1.40 (o511 0.78 0.36 - 1197  Medium 0.58 [0.43 - 0.721
w1 5.66 [2.05] 3.76 [1.49 1.07 [0.64 - 1.50] Large 0.66 [0.51 - 0.78]
T1 5.17 [2.03] 3.55 [1.08] 0.91 049 - 1337  Large 0.56 10.41 - 0.70]
w2 3.95 [1.50] 2.53 [0.96] 1.03 (061 - 1461  Large 0.54 [0.39 - 0.68]
TAS 5.17 214 3.57 11351 0.98 (055 - 1.401  Large 0.64 [0.49 - 0.771

Chronic patients TTD 20.3 [7.69] 17.7 (6.801 0.56 [0.22 - 0.91] Medium 0.59 [0.46 - 0.70]
sts 1.83 [0.841 1.65 [0.861 0.18 016 - 0521  Negligible 0.33 [0.22 - 0.45]
w1 5.21 207) 4.51 [1.99] 0.54 (019 - 0887 ~ Medium 0.40 [0.29 - 0.521
T1 4.70 [1.941 4.25 [1.78] 0.41 [0.07 - 0.75 Small 0.29 [0.19 - 0.41]
w2 3.77 11701 3.20 (1571 0.48 [0.14 - 0.82] Small 0.36 [0.25 - 0.48]
TAS 4.83 [2.16] 4.05 1.75) 0.59 10.25 - 0.941 Medium 0.39 10.27 - 0.511

36
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Fig. 4. TTD; ratio ROC curves. Acute patients, AUC: 0.89 [9.g0-0.997. Chronic patients, AUC: 0.95 [.90-1.00]-

strikingly, among the 35 acute patients whose TTD; ., Was smaller
than 0.39 there were 28 (i.e. 80.0%) improving at least one TUG task.

4. Discussion

Aim of the current work was to shed light on how elderly neuro-
logical patients with a mobility impairment modify their TUG test after
rehabilitation. The TUG test is often used as an outcome measure to
evaluate the effectiveness of different treatments (including re-
habilitation). As clinicians, we believe that this issue is of essential
importance. The TUG test consists of different tasks (i.e. moving from
sitting to standing, walking, turning and sitting down) whose im-
portance for patients' everyday life is obvious. If we had shown that the
TTD improvement is invariably associated with the improvement of
each TUG task, in the face of a patient who shortens his/her TTD the
clinician could have concluded that the treatment ameliorated all the
fundamental locomotor tasks making up the TUG test.

Unfortunately, this is not the case. Indeed, we have shown that in
most cases, TTD improvement is not associated with the improvement
of all the TUG tasks. For the clinician this indicates that some of the

37

tasks making up the TUG test did not respond to treatment. In addition,
the LRs analysis showed that when TTD has improved it can be said that
there is at least one TUG task that has improved. However, which task
got better (and which did not) remains unknown.

Knowledge of which task did not ameliorated at treatment end is an
important information for the clinician, indicating that the risk asso-
ciated with the impaired task is still there. In addition, this information
can be used in the future for tailoring treatments.

In this study, we used statistics commonly used in the responsive-
ness theory. Responsiveness is the ability of a measure to detect change
over time in the construct to be measured [27]. Simply put, a measure is
responsive if able to show the patient’s modification when the patient is
actually changed (i.e. improved or worsened) [28]. The results pre-
sented here can also be discussed from the responsiveness perspective.
In a responsiveness study, responsiveness indices (e.g. Cohen’s d) are
calculated for different measures and the measure with the best re-
sponsiveness index (e.g. the largest Cohen’s d) is the best measure for
showing and measuring patients’ modification. According to this fra-
mework, our population analysis shows that TTD (i.e. the TUG para-
meter with the largest Cohen’s d) is the most responsive TUG test



A. Caronni, et al.

measure. Accordingly, the single-subject analysis showed that it is
highly unlikely that a TUG task has improved if TTD did not get shorter.
Note that this last aspect is not a foregone conclusion. In fact it could
have happened that the improvement of a short task (e.g. STS) was not
apparent as TTD reduction because of the variability of the remaining
tasks. The fact that TTD is the most responsive index is of clear interest
for the clinician. For a clinician just interested to show that his/her
patient got better (with no interest on understanding how that patient
got better), TTD is the most sensitive parameter to show the change.

Responsiveness indices are fundamental for choosing the appro-
priate sample size when planning clinical trials. For example, consider a
researcher interested in testing the effectiveness of a new rehabilitative
intervention for elderly patients with a neurological disease. She plans a
randomised controlled trial in which the new intervention and the
conventional treatment are compared and chooses T1 duration as the
main outcome. She expects that the new intervention is twice as ef-
fective as the conventional treatment. From the current work, the re-
searcher knows that conventional rehabilitation produces a large im-
provement of T1 in acute patients and a small improvement in chronic
patients. Based on Table 2 data, about 10 patients per group should be
recruited if the trial is run on acute patients, while about 250 chronic
patients per group should be recruited (type I error probability: 0.05,
power: 0.8, independent groups, two tails).

The current results can also be used to propose clinically important
differences for the TUG test [29]. We show here that chronic patients
whose TTD; a0 is larger than 0.30 actually get better in all five TUG
tasks and that acute patients whose TTD; ;.0 is larger than 0.39 likely
get better in all five TUG tasks. Given that such improvements are as-
sociated with the improvement of all the fundamental tasks making up
the TUG test, an improvement ratio larger than 0.30 and 0.39 can thus
be proposed as clinically important in chronic and acute patients, re-
spectively.

We are aware that our study has some limitations. The patients’
sample is heterogeneous, with patients with different diseases and
different mobility impairment grouped together. In addition, we fo-
cused our analysis on just TTD (s) and the duration (s) of the different
TUG tasks. However, thanks to the ITUG, different movement para-
meters (e.g. angular velocity) can be obtained from the TUG test [30]. It
is obvious that, at the present moment, we cannot exclude that some of
these measures have higher responsiveness than that of the TUG tasks
duration or even larger responsiveness than that of TTD.

In conclusion, we showed that TTD is the most responsive para-
meter to show the patient’s improvement after rehabilitation. However,
in most instances, TTD is not enough to understand how the patient got
better. The clinician actually interested in understanding how treat-
ments ameliorate patients’ mobility (and thus the TUG test) should
measure the duration of the different TUG tasks, for example by using
the ITUG.
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