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a b s t r a c t
bacKGround: neglect represents a severe complication of stroke, which impairs patients’ daily activities. an early diagnosis of neglect is 
fundamental for management decisions.
aiM: the aim of this study is to evaluate the usefulness of the tinetti test as an outcome of spatial neglect in post-stroke patients.
dEsiGn: observational retrospective data analysis.
sEttinG: rehabilitation hospital.
population: cohort of post-stroke adults admitted in our rehabilitation unit.
MEthods: one hundred and sixty stroke patients were evaluated between the 1st of January 2015 and the 31st of december 2016 at our 
department. Eighty-nine inpatients matched the inclusion criteria. their scores of the tinetti test for balance condition and gait function were 
compared with bells test and line bisection task for spatial neglect. Global independence activity was also assessed using barthel index and 
global cognitive functioning by means of the Mini-Mental state Examination.
rEsults: twenty-two patients between the 89 patients included in this study were affected by spatial neglect at admission. a high statistical 
significant correlation was observed between lower Tinetti scores and neglect presence (mean Tinetti Score: 2.36 neglect; 7.82 non-neglect; 
p<0.001).
conclusions: the tinetti test is a well-established assessment scale to measure balance ability and gait function in post-stroke patients. 
results from this study suggest that tinetti test may be considered as an early ecological screening tool for the diagnosis of neglect in post-
stroke patients.
clinical rEhabilitation iMpact: the alternative use of the tinetti test for the diagnosis of spatial neglect.
(Cite this article as: colombo p, taveggia G, chiesa d, penati r, tiboni M, de armas l, et al. lower tinetti scores can support an early diagnosis of 
spatial neglect in post-stroke patients. Eur J phys rehabil Med 2019;55:722-7. doi: 10.23736/s1973-9087.19.05448-0)
Key words: perceptual disorders; stroke; Early diagnosis.

European Journal of Physical and Rehabilitation Medicine 2019 December;55(6):722-7
doi: 10.23736/s1973-9087.19.05448-0

coloMbo
spatial nEGlEct in post-stroKE patiEnts

© 2019 EdiZioni MinErVa MEdica
online version at http://www.minervamedica.it

stroke is one of the main causes of disability; the major-
ity of stroke patients have a combination of sensory, 

motor, cognitive and emotional impairment, which often 
lead to severe restrictions in their abilities to perform basic 
activities of daily living (ADL).1 individuals with stroke 
experience a severe loss of postural control, which results 
in a high incidence of falls both during and after rehabilita-
tion, mainly in patients affected by sensorimotor and cog-
nitive deficits, such as spatial neglect.2, 3 indeed the pres-

ence of a spatial neglect is usually associated with poor 
functional outcomes and higher requirements for assisted 
care and an increased risk of falling.4, 5

the tinetti test6 is commonly used to assess risk of falls 
in patients with neurological diseases. it has been shown to 
be useful to evaluate vestibular conditions and gait func-
tion in people after stroke; it does not require sophisticated 
equipment to be applied and it is trusted to detect signifi-
cant changes during neuro-rehabilitation treatment.7-9
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retrospective data analysis, relying on measurements and 
data acquisition, which are performed as part of the daily 
routine care. any informed consent from human subjects 
was obtained as required.

Procedure and tasks

We reviewed the patient’s medical record and collected 
demographic and clinical characteristics. all patients were 
assessed with the tinetti balance and Gait test to detect 
balance condition and gait function, which was performed 
within the first two weeks after admission to our reha-
bilitation center. Global independence in activity was as-
sessed using the Barthel Index (BI),21 which measures the 
extent to which stroke patients can function independently 
in their activities of daily living (ADL). Spatial neglect 
was subsequently assessed with paper and pencil tasks 
(the Bells Test and a line bisection task). Global cognitive 
functioning was screened with the Mini-Mental state Ex-
amination (MMSE).22, 23

Even bi, the bells test and a line bisection task and 
MMSE were performed within the first two weeks after 
admission, as for the tinetti test.

Tinetti Test

the tinetti test is a standardized evaluation of stability 
and mobility.6 balance and gait are assessed and scored 
individually in a 16-item test. balance, which is assessed 
first, is judged while sitting, arising, standing (immediate 
and prolonged), and turning. additionally, maintenance of 
balance is tested against attempts at disruption (nudge) and 
without a horizon reference (eyes closed). These indicate 
body control and strength. in gait testing, right and left feet 
are evaluated separately for swing (step length) and clear-
ance and then compared for step symmetry and continu-
ity. additionally, path deviation, trunk stability and stance 
(normal or wide-based) are evaluated during walking. The 
scores range from 0 to 28, where 0 is attributed to patients 
forced to bed and 28 is the score of a normal balance and 
gait.

Global independence

bi is an ordinal scale used to measure performance in 
adl.21 for many years, it has been the mainstay of mea-
suring functional abilities in rehabilitation patients. it has 
been used both in the management of patients and in the 
evaluation of the efficacy of rehabilitation programs.

the items can be divided into a group that is related to 
self-care (feeding, grooming, bathing, dressing, bowel and 

different studies in patients with severe stroke, follow-
ing the acute event, have extensively shown a negative 
influence of neglect on postural stability and body posi-
tioning characterized by a lesional tilt, away to the central 
body line.10-12 some studies have indicated more severe 
loading asymmetry and postural instability in patients with 
right compared to left hemisphere lesions, most probably 
related to the presence of visuo-spatial neglect.13 for what 
concerns voluntary lateral weight-shifting capacity, post-
acute patients with neglect performed 10-20% slower than 
those without neglect, which was related with a relatively 
long weight-transfer time towards the paretic leg.14 it is 
important to use reliable tools to measure the quality of 
patient’s life, the effectiveness of therapy and the social 
costs.15 two studies16, 17 about tools for measuring neglect 
demonstrated that participants with neglect missed signifi-
cantly more left-sided targets than controls and that this 
neglect is also associated with the performance in common 
neglect tasks. during the carrying out of complex actions, 
the functional limits of the patient emerge consistently. it 
has been shown how multitask demands lead to neglect 
worsening.18 bowen et al. have highlighted the weakness 
of many clinical neglect trials due to the lack of ecologi-
cally valid test that properly evaluate the usefulness of 
treatments to improve ordinary skills in persons with ne-
glect.19

the aim of this study was to evaluate the possibility to 
predict diagnosis of neglect in post-stroke patients using 
the tinetti index, a task on demands toll that could prove 
efficient at detecting neglect in ecological skills.20

Materials and methods

Participants

post-stroke patients were assessed for eligibility and se-
lected patients were hospitalized in our neuro-rehabilita-
tion institute between 1st January 2015 and 31st december 
2016.

inclusion criteria for the current study were: 1) clini-
cal and radiological diagnosis of stroke (ischemic or hem-
orrhagic, confirmed with CT or MRI scans); 2) presence 
of an unilateral hemisphere lesion; 3) age ≥18 years; d) 
MMSE ≥15 at initial assessment (performed by the neuro-
psychologist) and e) stable clinical conditions. Exclusion 
criteria for this study were: 1) previous vestibular disor-
ders; 2) presence of bilateral lesions; and 3) presence of 
severe aphasia or severe cognitive impairment

the study waived ethical approval because it was a 
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index, while the response variable is the neglect presence, 
classified with binary values (0=not present, 1=present). A 
preliminary Anderson-Darling Normality Test confirmed, 
with a p value <0.005, the normality of the two groups 
distributions. a two-sample standard deviation test proved 
that the variances of the two groups differ at the 0.05 level 
of significance. A two-sample Student’s t-test confirmed 
an analogous result for the means. the analyzes were car-
ried out with the Minitab statistical software.

Results

in total, one hundred and sixty patients were evaluated for 
eligibility (Figure 1) and 89 were included in the study 
according to the inclusion criteria previously mentioned.

demographic and clinical characteristics are summa-
rized in table i. of the 89 patients, 55 were males and 34 
females. We detected the presence of neglect in 22 patients 
(24.7%) with the cognitive tests previously described, re-
spectively in 12 males (54.5%) and 10 females (45.4%). 
Neglect was observed in 21 patients (95.5%) with le-
sion localized in the right hemisphere. consequently 21 
patients were diagnosed with left neglect and only one 
patient with right neglect. There was no significant dif-
ference as regards age between neglect and non-neglect 

bladder care, and toilet use) and a group related to mobil-
ity (ambulation, transfers, and stair climbing). The score 
ranges from zero, representing a totally dependent bedrid-
den state, to one hundred, which represents the complete 
independence.

Paper-and-pencil neglect assessments

two paper- and -pencil tasks were administrated to detect 
neglect: the bells test and the line bisection test. par-
ticipants were instructed to avoid leaning to one side and 
to avoid adjusting the position of the paper during the as-
sessment.

the bells test allows for qualitative and quantitative 
assessment of spatial neglect in the near extra-personal 
space. It requires circling 35 targets (bells) embedded 
within 280 distractors (horses, guitars, houses, etc.) on a 
280 mm by 215 mm paper placed in the center of patient’s 
field of view. The spatial distribution of the target figures 
was arranged so that 5 bells were located in 7 equally sized 
columns. the total number of circled bells was recorded 
and a difference of 5 bells omitted between the right and 
the left side indicated neglect.24

the line bisection test is a subtest of the behavioural 
Inattention Test (BIT):25 the participant is presented with 
three horizontal lines (204 mm) offset in a staircase fash-
ion. the extent of each line is pointed out to the participant 
who was then instructed to estimate the middle of each line. 
deviations from the midpoint drawn by the participant to 
the actual midpoint for each line were measured and scores 
ranging between 0 and 3 for each line were derived using 
the bit template. a score less than 7 indicates a high prob-
ability of neglect. a pathological score in one of the two 
tests was considered sufficient for the diagnosis of neglect.

Global cognitive functioning

Mini-Mental State Examination (MMSE) globally assess 
cognitive functioning. it evaluates 5 areas: orientation, 
short-term memory, attention, delayed recall and lan-
guage.22 it consists of 30 questions: 1 point for each cor-
rect answer, and 0 point for each wrong answer or no idea. 
The total score of the scale is 0-30 point (cut-off =24). 
MMsE requires only 5-10 minutes to administer and is 
therefore practical to use serially and routinely.

Statistical analysis

a statistical analysis of the correlation of the tinetti in-
dex versus the neglect presence was conducted. in this 
analysis the explanatory variable (feature) is the Tinetti 

figure 1.—schematic overview of the protocol and the phases of re-
cruitment, enrolment and analysis.
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hypothesis of μ1-μ2 (difference of the two means) was 
applied. the null hypothesis was rejected with a p value 
<0.001.

in figure 3, we represented tinetti index results between 
neglect and non neglect patients, which were found to be 
significantly different (P<0.001) (mean =2.36 in neglect 
patient and 7.82 in non-neglect ones).

Further confirmation of the relationship between Tinetti 
index and neglect was obtained with the calculation of 
the Spearman correlation coefficient, which turned out to 
be -0.347, with p value <0.001. the negative sign of the 
coefficient is consistent with the behavior of the Tinetti In-
dex, which decreases with the presence of the neglect; the 
0.347 value confirms the potential relationship between 
the feature and the response variable.

Discussion

the main aim of this study was to examine the possible 
predictive capacity of the tinetti test for the early diagno-
sis of neglect in post-stroke patients. literature about use 
of tinetti test for detection of neglect is still lacking.

previous studies16, 17 have proved that ecological scales 
can be very sensitive and reliable in the diagnosis of ne-
glect by measuring behaviors and activities in daily life 
settings. the mobility assessment course16 was developed 
in order to measure the presence of neglect and its severity 
in a dynamic acts. it is important to underline that neglect 
is a heterogeneous syndrome, which manifests in many 
different ways;26 for this reason, it is unlikely that it can be 
captured exclusively with one task.

the dynamic and ecological characteristics of the tine-
tti test allow investigators to study neglect presence in a 

patients (P=0.22). The time between stroke and execution 
of scales was also comparable (P=0.09) with an average 
of 47 days post-stroke in the neglect group and 39 days in 
non-neglect patients.

All scales used to detect neglect showed significant 
differences between the two groups as shown in table 
II. In details, BI resulted significantly lower (P<0.001) 
in patients with neglect (21.27 vs. 42.89 in no neglect 
ones). furthermore, omissions recorder at the bells test 
were significantly higher (P<0.001) between neglect pa-
tients (mean=6.59) and non-neglect patients (mean=0.85). 
in addition, neglect patients showed also lower scores 
(P<0.001) in the Line Bisection Test, with mean score of 
3.68 in affected patients and 8.2 in no affected ones.

Considering MMSE Score, we found no significant dif-
ference (P=0.18) so the two groups resulted to be compa-
rable in terms of cognitive scores.

in figure 2 the density plots using histograms for the 
two groups are shown. a two-sample t-test with the null 

Table I.— Demographic and clinical characteristics of enrolled 
patients.

Neglect, N.=22 
(24.7%)

non-neglect, 
N.=67 (75.3%)

Age (years) Mean±SD 72.13±8.45* 70.46±9.98*
Gender

Male 12 (54.5%) 43 (64.1%)
female 10 (45.4%) 24 (35.8%)

days post-stroke 47* 39*
stroke type

ischemic 14 (63.6%) 40 (59.7%)
hemorrhagic 8 (36.3%) 27 (40.3%)

lesion side
left 1 (4.5%) 42 (62.7%)
right 21 (95.5%) 25 (37.3%)

*There were no significant differences between neglect and no neglect patients 
in terms of age (P=0.22) and in terms of days post-stroke (P=0.09). SD: standard 
deviation.

Table II.— Outcome measures between neglect and non-neglect 
patients. Results for each tests are represented with mean and SD 
(standard deviation).

Neglect N.=22 
(mean±SD)

Non-neglect N.=67 
(mean±SD)

tinetti index 2.36±3.7 7.82±6.9 p<0.001
barthel index 21.27±14.1 42.89±26.3 p<0.001
Bells Test (0-35)

Omissions (left minus 
right or right minus left)

6.59±0.9 0.85±0.8 p<0.001

line bisection 3.68±0.8 8.2±0.7 p<0.001
MMsE 22.31±2.9 23±3.6 P=0.18
Statistical significance between neglect and non-neglect patients was found in all 
tests for neglect assessment. cognitive scores instead were comparable between 
the two groups (P>0.05).

Figure 2.—Density plots with Normal curves of the two groups data (0 
= no neglect and 1 = neglect stroke patients).
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ment showed significantly lower scores in patients with 
neglect (2, 3/28 pints) than those without neglect (7, 8/28 
points) (P<0.001). Also the BI Score was significantly 
lower in patients with neglect (P<0.001) and this confirms 
that these patients showed a complex situation even in 
daily life activities and in balance and gait.

our data pinpoint an inverse relationship between the 
decrease in the tinetti score and the increase probability 
to intercept patients with neglect. therefore we can as-
sume that the use of an easy and quick evaluation tool as 
the tinetti test as part of a complex evaluation could allow 
an earlier detection of neglect. it will be necessary to per-
form further studies in order to evaluate the sensitivity and 
specificity of the Tinetti Test in neglect diagnosis.

Limitations of the study

the main limitations of this study were the lack of data 
on visual perception, and the fact that the observation of 
patients by the evaluator was limited to physical activities, 
and does not fully explain the complexity of interaction 
between neglect and motor deficits. We underline the lack 
of information on clinical signs as a “limit” of our study. 
due to the retrospective nature of the study we decided not 
to collect this information because examinations were con-
ducted by several operators so they were not comparable.

Conclusions

our study shows the importance of the tinetti test as an 
early indicator of neglect in post-stroke patients. this leads 
to the perspectives to validate this ecologically method in 

quantitative way and to orient the rehabilitative treatment. 
as shown for other multitasking scales, the tinetti test 
should be sufficiently sensitive and specific in recogniz-
ing the presence of neglect in post-stroke patients.27-29 in a 
complex society people think, perform activities and move 
at high speed; therefore post-stroke patients require im-
provements in their functional capacities during activity 
of daily living. neglect interferes with daily life activities 
and it has been associated with poorer functional and mo-
tor recovery, leaving patients with neglect less independent 
than stroke patients without neglect.12 in fact fundamental 
goals in clinical rehabilitation are the recovery of indepen-
dent movements and good spatial orientation, since these 
skills are necessary for daily activities participation.

these considerations strengthen the view that clinical 
diagnosis of neglect requires preferably tests of differ-
ent dynamics and complexity. it has been recognized that 
patients with neglect have severe difficulties in maintain-
ing arousal during tasks this has been proved in different 
studies, where it has been found that neuropsychological 
assessment is often difficult to perform especially when 
there are no time limits, when stimuli are static, and when 
the attentional load is low.30 nevertheless, a quick assess-
ment of neglect would be beneficial since it would allow 
to perform other neurological tests reducing the risk of 
exhaustion in patients. thus, the tinetti should be early 
performed and added to the battery of tests specifically de-
signed to detect neglect.

the data analysis of our 89 inpatients showed the pres-
ence of neglect in 22 patients (24.7%). Functional assess-
ments evaluated with tinetti test at the beginning of treat-

figure 3.—interval plot of tinetti index individual standard deviations are used to calculate the intervals. a) Mean and standard deviations repre-
sented for * 0 = no neglect and 1 = neglect stroke patients; B) Detailed patient’s scores for Tinetti Index and representation of population distribution.
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order to improve the assessment and management of pa-
tients with neglect.

We can thus conclude that this study marks the begin-
ning for new opportunities for studying cognitive perfor-
mances with ecological scales.
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