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Relationship between upper limb motor
function and activities of daily living after
removing the influence of lower limb
motor function in subacute patients with
stroke: A cross-sectional study
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Abstract

Background: Previous studies have reported a relationship between upper limb motor function and activities of daily

living. However, their relationship after removing the influence of lower limb motor function has not been clarified.

Objective: This study aimed to investigate the relationship between Fugl-Meyer assessment upper limb and total

Functional Independence Measure motor score and between Fugl-Meyer assessment upper limb and each item con-

tained in Functional Independence Measure motor score after eliminating the influence of the motor function of the

affected lower limb.

Methods: This retrospective cross-sectional study included 58 subacute stroke patients. To investigate the relationship

between the Fugl-Meyer assessment upper limb and total Functional Independence Measure motor score before and

after removing the influence of Fugl-Meyer assessment lower limb, Spearman’s rank correlation coefficient and partial

correlation analysis were used. Additionally, the relationship between Fugl-Meyer assessment upper limb and each item

of Functional Independence Measure motor score after removing the influence was assessed.

Results: Before removing the influence of Fugl-Meyer assessment lower limb, Fugl-Meyer assessment upper limb was

strongly correlated with total Functional Independence Measure motor score (r¼ 0.74, p< 0.001). However, it became

weak after removing the influence (r¼ 0.27, p¼ 0.04). Regarding each item of Functional Independence Measure motor

score, Fugl-Meyer assessment upper limb was correlated with grooming (r¼ 0.27, p¼ 0.04), bathing (r¼ 0.28, p¼ 0.03),

dressing upper body (r¼ 0.33, p¼ 0.01), dressing lower body (r¼ 0.31, p¼ 0.02), and stair-climbing (r¼ 0.31, p¼ 0.02)

after removing the influence.

Conclusion: These findings suggest that the relationship between the upper limb motor function and activities of daily

living is strongly influenced by lower limb motor function.
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Introduction

Stroke causes various impairments such as motor

paralysis, muscle weakness, sensory disorder, and cog-

nitive dysfunction, and is known as one of the leading

causes of long-term disability (Dobkin, 2004; Hankey
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et al., 2001; Patel et al., 2006; Takeda et al., 2018).
Because many of these impairments affect indepen-
dence in activities of daily living (ADLs) (Mercier
et al., 2001; Oros et al., 2016; Perry et al., 1995), they
are major targets of rehabilitation therapy for stroke
patients.

One of the factors influencing independence in
ADLs in patients with stroke is motor dysfunction of
the affected upper limb (Chanubol et al., 2012;
Filiatrault et al., 1991; Lee et al., 2015; Rabadi &
Rabadi, 2006). For example, Filiatrault et al. (1991)
showed that the Fugl-Meyer assessment upper limb
(FMA-UL) section was positively correlated with the
total Barthel Index (BI) score in patients with subacute
stroke (r¼ 0.60, p< 0.01). Chanubol et al. (2012)
showed that scores of other evaluation methods for
assessing upper limb motor function (Action
Research Arm Test, and Box and Block Test) were
also positively correlated with extended BI in patients
with subacute stroke (r¼ 0.56, p< 0.001; and r¼ 0.47,
p< 0.001, respectively). In addition, a previous study
suggested that the motor function of the affected upper
limb has a notable effect on independence in ADLs
compared with perceptual and cognitive dysfunction
(Mercier et al., 2001).

Although the aforementioned studies reported a
relationship between affected upper limb motor func-
tion and ADLs, they did not eliminate the possibility of
a spurious correlation caused by the level of lower limb
motor function, which is associated with the motor
function of the affected upper limb and ADLs (Fong
et al., 2001; Fujita et al., 2015). In particular, Fong
et al. (2001) showed that Fugl-Meyer assessment
lower limb (FMA-LL) section was positively correlated
with the total Functional Independence Measure motor
(FIM-M) score in patients with subacute stroke
(r¼ 0.89, p< 0.01). In addition, Fujita et al. (2015)
indicated that the motor function of the affected
lower limb was positively correlated with the motor
function of the affected upper limb in patients with
subacute stroke (r¼ 0.68, p< 0.01). However, it is not
sufficiently clear whether there is a relationship
between the motor function of the affected upper
limb and ADLs after removing the influence of the
level of lower limb motor function.

This study aimed to investigate the relationship (1)
between FMA-UL and total FIM-M score after
removing the influence of the motor function of the
affected lower limb from both variables, and (2)
between FMA-UL and each item contained in FIM-
M score after eliminating the influence of the motor
function of the affected lower limb. If the presence or
absence of a relationship between the motor function
of the affected upper limb and ADLs can be identified
after removing the influence of lower limb motor

function, this would have important clinical implica-
tions regarding the clarification of factors influencing
independence in ADLs and the development of effec-
tive interventions intended to improve ADLs.

Methods

Study design

A retrospective cross-sectional study was used to ana-
lyse the relationship between FMA-UL and FIM-M
score after removing the influence of the motor func-
tion of the affected lower limb. This study was reported
according to the Strengthening the Reporting of
Observational Studies in Epidemiology statement
(Von et al., 2014).

Participant

This study recruited a convenience sample of subacute
stroke patients between April 2016 and March 2018.
We evaluated 322 stroke patients who were hospital-
ised and discharged from the convalescent rehabilita-
tion ward of our hospital. The study included patients
who were admitted to our hospital with a first episode
of stroke. Exclusion criteria were traumatic or bilateral
lesions, cerebellar and brain stem lesions, severe con-
sciousness disorder, severe bone joint diseases, lower
extremity pain, and missing data. All assessments
were performed by the primary therapist. All patients
were informed of the purpose of the study and gave
informed consent to participate in the treatment pro-
gramme. This study was approved by the human ethics
committee of Kawamura hospital (approval number
01-001). This study was performed in accordance
with the Declaration of Helsinki.

Measurement

FIM-M score at discharge was used for the assessment
of ADLs. FIM-M score is commonly used to quantify
functional independence and has high inter-rater reli-
ability (Ottenbacher, Hsu, et al., 1996; Ottenbacher,
Mann, et al., 1994). FIM-M score consists of 13
items for daily living, which are graded on a 7-point
scale: 1¼ total assistance, 2¼maximal assistance,
3¼moderate assistance, 4¼minimal contact assis-
tance, 5¼ supervision or set-up, 6¼modified indepen-
dence, and 7¼ complete independence (Linacre et al.,
1994). FIM-M score is divided into four parts as fol-
lows: Part 1, self-care (including eating, grooming,
bathing, dressing upper body, dressing lower body, toi-
leting); Part 2, sphincter control (including bladder
management and bowel management); Part 3, mobility
(including transfers to bed/chair/wheelchair, transfers
to toilet, transfers to tub/shower); and Part 4,
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locomotion (including walking or wheelchair propul-
sion, stair-climbing). The total FIM-M score was 91
points.

FMA at discharge was used to assess the motor
function of the affected upper and lower limb. FMA
is commonly used to quantify upper and lower limb
motor function and has high inter-rater reliability
(Duncan et al., 1983; Michaelsen et al., 2011; Sanford
et al., 1993). In the FMA-UL, a quantitative measure
comprising 33 items was used. Since each item is rated
on a 3-point ordinal scale (0¼ cannot perform, 1¼ can
perform partially, 2¼ can perform fully), the maximum
score was 66 points. In the FMA-LL, a quantitative
measure comprising 17 items was used. Since each
item is rated on a 3-point ordinal scale (0¼ cannot per-
form, 1¼ can perform partially, 2¼ can perform fully),
the maximum score was 34 points.

Statistical analysis

The total FMA-UL and FIM-M score were calculated
for each subject. The Shapiro–Wilk normality test was
used to test data distribution. With regard to objective
1, Pearson correlation coefficient was used to test the
relationship between FMA-UL and FIM-M score if the
homoscedasticity and normality of all data could be
assumed. However, if they could not be assumed,
Spearman’s rank correlation was used to test the rela-
tionship. Spearman’s rank correlation coefficient (rs)
was interpreted as low (less than 0.25), fair (0.25–0.5),
moderate to good (0.5–0.75), and good to excellent
(greater than 0.75) (Chanubol et al., 2012).

In addition, in any of these cases (assumption or
not), partial correlation analysis (r) was used to test
the relationship between FMA-UL and FIM-M score
without the influence of the motor function of the
affected lower limb represented by FMA-LL. With
regard to objective 2, partial correlation analysis (r)
was used to test the relationship between FMA-UL
and each item of FIM-M score without the influence
of the motor function of the affected lower limb.
Statistical significance was set at p< 0.05. All statistical
analyses were performed using SPSS version 21.0
(SPSS Inc., Chicago, Illinois).

Results

In this study, subjects were eligible 58 stroke patients
out of 322 (Figure 1). The subject characteristics are
shown in Table 1.

The result of simple and partial correlation analyses
of the relationship between FMA-UL and total FIM-
M score is shown in Figure 2. In the simple correlation
analysis, the relationship between FMA-UL and total
FIM-M score became moderate to good (r¼ 0.74,

p< 0.001). However, in the partial correlation analysis,

the relationship between FMA-UL and total FIM-M

score became fair after the influence of FMA-LL was

removed (r¼ 0.27, p¼ 0.046).
The result of a partial correlation analysis between

the FMA-UL and each item contained in FIM-M score

is shown in Figure 3. FMA-UL was correlated with

grooming (r¼ 0.27, p¼ 0.04), bathing (r¼ 0.28,

p¼ 0.03), dressing upper body (r¼ 0.33, p¼ 0.01),

dressing lower body (r¼ 0.31, p¼ 0.02), and stair-

climbing (r¼ 0.31, p¼ 0.02) even after the influence

of FMA-LL was removed.

Discussion

This study investigated whether the relationship

between FMA-UL and total FIM-M score was

changed by removing the influence of the motor func-

tion of the affected lower limb from both variables.

Moreover, this study attempted to clarify the relation-

ship between FMA-UL and every item contained

Figure 1. Subject enrolment flowchart.

Table 1. Characteristics of the subjects (N¼ 58).

Variable Mean Range

Age (y) 78.6 (11.4) 44–96

MMSE 16.2 (9.9) 0–30

FMA-UL 37.2 (25.3) 0–66

FMA-LL 19.3 (12.1) 0–34

FIM-M score 52.3 (26) 13–91

Sex (male/female) 34/24

Time since stroke (d) 156.9 (58) 18–264

Type of stroke

(haemorrhage/infarction)

20/38

FIM-M: Functional Independence Measure motor; FMA-LL: Fugl-Meyer

assessment lower limb; FMA-UL: Fugl-Meyer assessment upper limb;

MMSE: Mini Mental State Examination.

Values are presented as mean (standard deviation) or as counts.
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Figure 3. Relationship between FMA-UL and each item of FIM-M score after the influence of FMA-LL was removed. In all graphs, the
X axis indicates residual FMA-UL controlled by FMA-LL. The Yaxis indicates the residual score of each item in FIM-M score controlled
by FMA-LL. Boxed graphs show statistically significant differences (P< 0.05). FMA-UL: Fugl-Meyer assessment upper limb.

Figure 2. The effect of removing the influence of FMA-LL on the relationship between FMA-UL and FIM-M score. The left figure
shows the relationship between FMA-UL and FIM-M score before the influence of FMA-LL was removed (simple correlation). The X
axis indicates the FMA-UL score. The Y axis indicates the FIM-M score. The right figure shows the relationship between FMA-UL and
FIM-M score after the influence of FMA-LL was removed (partial correlation). The X axis indicates residual FMA-UL controlled by
FMA-LL. The Y axis indicates residual FIM-M score controlled by FMA-LL. FIM: Functional Independence Measure; FMA-LL: Fugl-
Meyer assessment lower limb; FMA-UL: Fugl-Meyer assessment upper limb.
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in FIM-M score without the influence of lower limb
motor function. The results showed that FMA-UL
was strongly correlated with total FIM-M score, but
the relationship became very weak after removing the
influence of lower limb motor function. In addition,
FMA-UL was correlated with grooming, bathing,
dressing (upper and lower body), and stair-climbing
items of FIM-M score, when the influence of lower
limb motor function was excluded.

Considering the relationship between FMA-UL and
total FIM-M score, the present result showed almost
the same degree of correlation reported in previous
studies (Chanubol et al., 2012; Filiatrault et al.,
1991). However, these relationships became very
weak with partial correlation analysis, which was
used to remove the influence of lower limb motor func-
tion. The present result suggests that the relationship
was changed by the influence of the motor function of
the affected lower limb. Similarly, Fujita et al. (2015)
reported that the motor function of the affected upper
limb was not significantly correlated with the total
score of FIM-M when removing the influence of
other body parts including the affected lower limb.

With regard to the items in FIM-M score that were
correlated with FMA-UL, although it is not fully clear
why those relationships were observed, the degree of
upper limb movement might have affected the relation-
ships. Specifically, the ‘grooming’ item is used to assess
the degree of independence of oral care, hair grooming,
washing of hands and face, and shaving or applying
makeup (Granger & Hamilton, 1992). ‘Bathing’ is
used to assess the degree of independence when wash-
ing and drying off the body from the neck down
excluding the back (Granger & Hamilton, 1992).
Further, ‘dressing’ (upper and lower body) is used to
assess the degree of independence when putting on and
off upper and lower wears (e.g. putting arm through a
sleeve using hands and pulling up pants using hands,
etc.) (Granger & Hamilton, 1992). Among the items in
FIM-M, these items frequently require upper limb
movement. For dressing alone, Fujita et al. (2015) sug-
gest that most patients require the use of both hands to
pass their arms through sleeves, close buttons and fas-
teners, and raise or lower undergarments. Notably,
there was a correlation between FMA-UL and ‘stair-
climbing’, which is used to assess the degree of inde-
pendence when going up and down a stairs of 12–14
steps (Granger & Hamilton, 1992). Although many
studies have focused on lower limb motor function in
stair-climbing (Flansbjer et al., 2006; Novak &
Brouwer, 2012; Vallabhajosula et al., 2015), it appears
that not only lower limb motor function but also upper
limb motor function is important for stair-climbing.
Previous studies showed that the stance time of the
affected side and the velocity of the centre of pressure

during stair-climbing increased with handrail use com-

pared to not using the handrail (Novak & Brouwer,

2013; Reid et al., 2011).
The present study has some limitations. The number

of participants was limited. In addition, the study was

a single-centre retrospective study. These factors

could decrease the generalisability of the present

results. Thus, studies should be conducted with more

participants in a prospective multicentre study to verify

our findings.

Conclusion

This study clarified the relationship between the motor

function of the affected upper limb and ADLs after

removing the influence of lower limb motor function.

This finding has important clinical implications on

the factors influencing independence in ADLs and the

development of effective interventions intended to

improve ADLs. To improve the self-care items in func-

tional measures, occupational therapists should

focus on both upper limb and low limb motor func-

tions together in the ADL training for patients with

subacute stroke.
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