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Abstract

Aim: Patients receiving HD are more prone to accidental falls than elderly individuals
not undergoing HD, leading to higher morbidity and mortality in this group. In this study,
we hypothesized that senior HD patients with a history of falls may have impaired ankle
kinesthetic position sense.
Materials and Methods: This study included 63 hemodialysis patients aged 65 and
older. Baseline Timed Up and Go (TUG) test durations and ankle joint inclinometric
deviation measurements were assessed in all participants, who were then monitored for fall
events over a 12-month period. Patients who experienced one or more falls were classified
as the faller group, while the rest were categorized as the non-faller group. Demographic
data, laboratory values, TUG test durations, and ankle joint inclinometric deviations were
compared between the two groups.
Results: Among the 63 patients, 25 (39.7%) were classified as fallers. The mean inclino-
metric deviation for the entire study population was 4.1±1.9 degrees. Notably, patients
in the faller group had a significantly higher deviation (5.5±1.9) compared to those in
the non-faller group (3.1±1.2, p=0.000). Age, serum albumin levels, TUG test duration,
inclinometric deviation of patients have been included in the logistic regression analysis.
Of these parameters, only inclinometric deviation (OR=2.627, p=0.003) was determined
as an independent predictor of falls.
Conclusion: Falls are prevalent among elderly hemodialysis patients, and impairment of
ankle kinesthetic position sense is evident in those who have experienced falls.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
As the number of elderly patients undergoing hemodial-
ysis (HD) in recent years continues to rise, the number
of the geriatric complaints experienced by these patients
also increases. Patients maintained on HD have numer-
ous functional and cognitive problems leading to fraility
of these patients and, consequently, causing increase in
mortality, hospital admissions and dialysis-related compli-
cations. A major issue that arises with aging involves acci-
dental falls [1]. The aging process contributes to gait and
balance impairments, diminished postural reflexes, neuro-
sensory disorders, neurological and cardiovascular comor-
bidities, osteoarthritis, and reduced muscle strength [2]. In
hemodialysis patients, the risk of falling is heightened due
to dialysis-related factors, underlying causes of end-stage
renal failure, and declining kidney function [3]. Compared
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to elderly individuals not on hemodialysis, HD patients ex-
perience a higher incidence of accidental falls, leading to
increased morbidity and mortality in this population [4].
Functional mobility was assessed through the Timed Up
and Go (TUG) test. Kinesthesia and position sense are
components of proprioception and consciously or uncon-
sciously effective on balance, as it senses lower extrem-
ity movements and the position of the joints [5]. In nor-
mal ambulation, ankle dorsiflexion is about 10 degrees and
sensed by proprioceptors [6]. In this study, we investigated
whether basal TUG test durations and ankle joint inclino-
metric deviation representing disruption in proprioceptive
sensation differ in fallers and non-fallers.

Materials and Methods

This study aims to reveal that ankle kinesthetic position
sense may be impaired in hemodialysis patients older than
65 years. Based on a theoretical power analysis conducted
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using the G*Power 3.1 program, a minimum sample size of
50 patients (25 per group) was required to detect a signif-
icant difference between the two groups using an indepen-
dent two-sample t-test. This calculation was performed
with a Type I error rate (alpha) of 0.05, a test power
(1-beta) of 0.80, an effect size of 0.81 (large effect), an
alternative hypothesis (H1) assuming a two-tailed distri-
bution, and a group allocation ratio of 1:1 [7]. All patients
aged 65 years or older undergoing outpatient hemodialysis
at Malatya Education and Research Hospital were eligible
for inclusion in the study. Patients were excluded if they
were unable or unwilling to provide informed consent. Ad-
ditionally, individuals with amputations or those using a
wheelchair were not included.
Sixty-three patients on hemodialysis aged 65 or more in-
cluded to the present study. Approval for the ethics of
the study was granted by the Malatya Regional Research
Ethics Board (File No. 2018/162).
Medical history, cause of ESKD, and laboratory values
were obtained from electronic computer records. Patients’
TUG test and ankle joint inclinometric measurements were
performed at the beginning of the study and noted. TUG
tests and inclinometric measurements were done before the
HD session. Fall is defined as, unintentionally coming to
rest on the ground, floor, or other lower level [8]. All pa-
tients were questioned for falling events every Mondays
and Tuesdays during the study period. Those who fell at
least once during the study period were considered as fall-
ers. Laboratory values, inclinometric deviations and TUG
test durations of fallers and non-fallers were compared.
Kinesthesia and position sense of the ankle was measured
using a simple digital inclinometer instrument on the dom-
inant side. While the patients were in supine position,
and their eyes were closed, their ankles were brought to 10
degrees of dorsiflexion by the help of study nurse. After-
wards, the patients were asked to come back to the starting
point, and actively return to the set angle 3 times without
help [5] (Figure 1). All patient attempts were recorded,
and the deviation of the error angle from the set angle
was used as the outcome measure. The test result was
determined as the average of three recorded values.

Figure 1. Inclinometric measurement of ankles.

In the TUG test, participants were instructed to rise from
a chair, walk 3 meters, and return to a seated position.
The completion time was recorded, with scores below 10
seconds considered normal. Patients scoring between 10–
15 seconds were classified as having ‘slowed mobility,’ while

those exceeding 15 seconds were categorized as having ‘im-
paired mobility’ [9].
Descriptive data were presented as mean and standard de-
viation (SD) or median and quartiles for continuous vari-
ables, as appropriate, and as frequency for ordinal or nom-
inal data. The normality of continuous variables was as-
sessed using the Shapiro-Wilk test. Group differences were
analyzed using either the Mann–Whitney U test or Stu-
dent’s t-test, depending on the distribution of the data. A
logistic regression analysis was performed to determine the
independent predictors of falls. All probability values were
reported two tailed and p value <0.05 was considered sta-
tistically signifcant. Analyses were performed using IBM
SPSS software (ver. 23.0; SPSS Inc., Chicago, IL, USA).

Results
Of the 63 patients included in the present study, 49.2%
were male. Etiology of kidney disease was diabetes melli-
tus (DM) in 22 (34.9%), hypertension (HT) in 20 (31.7%),
glomerulonephritis (GN) in 7 (11.1%), and other causes
(polycystic kidney disease, amyloidosis, renovascular dis-
eases, kidney stones, and postrenal diseases) in 6 (9.5%)
of the patients. Renal disease was of unknown origin in 8
(12.7%) of the patients. Among 63 patients, 25 (39.7%)
patients were fallers. Median predialysis medical treat-
ment duration was 2 (0-240) months, and median HD ther-
apy duration was 26 (3-217) months. Mean hemoglobin
(Hg) concentration was 11.1±1.5 g/dL, mean creatinin
(cre) level was 5.3±1.8 mg/dL, mean 25-Hydroxyvitamin
D level was 19.8±16.1 ng/mL, and mean parathormone
(PTH) level was 421.3±401.1 pg/mL in study popula-
tion. Mean hemoglobin, creatinine, 25-Hydroxyvitamin D,
and PTH levels were similar among fallers and non-fallers.
Both faller (11, 10-14.3) and non-fallers (10.7, 9-12) had
slowed mobility according to TUG times, However, fallers
had significantly longer (p=0.018) test durations .
The mean age of the study population was 73.9±7.5 years,
with a significantly higher mean age of 76.8±7.2 years in
the faller group (p=0.003). Serum albumin concentration
was notably lower in the faller group, averaging 3.3±0.4
g/dL (p=0.018). The mean inclinometric deviation for
the overall study population was 4.1±1.9 degrees, which
was significantly greater in the faller group (5.5±1.9 de-
grees) compared to the non-faller group (3.1±1.2 degrees,
p<0.001) (Table 1).
In the univariate analysis, age, serum albumin levels, TUG
test duration, and p values of patients’ inclinometric devi-
ation were lower than 0.05 and were included in the logistic
regression analysis. Inclinometric deviation was obtained
as an independent significant risk factor in both univari-
ate and multivariate analyses. Although age, albumin and
TUG duration were significant in the univariate analysis,
they were not significant in the multivariate analysis. Ac-
cording to the univariate analysis, when the Inclinometric
deviation value increases, the risk of falling increases by
3.17 times (OR = 3.167, p<0.001). On the other hand, ac-
cording to the multivariate analysis, even when other vari-
ables (age, albumin, TUG duration, etc.) are controlled,
the risk of falling increases by 2.63 times in individuals
with high Inclinometric deviation (OR = 2.627, p=0.003).
Therefore, as the Inclinometric deviation value increases
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Table 1. Baseline characteristics of study population.

Study population Fallers Non-Fallers P value
(n=63) (n=25) (39.7%) (n=38) (60.3%)

Age (years) 73.9±7.5 76.8±7.2 72±7.1 0.003*

Sex (% of males) 31(49.2%) 11 (44%) 20 (52.6%) 0.680

Etiology
DM 22 (34.9%) 10 (40%) 12 (31.6%)

0.813
HT 20 (31.7%) 6 (24%) 14 (36.8%)
GN 7 (11.1%) 3 (12%) 4 (10.5%)
Others 6 (9.5%) 2 (8%) 4 (10.5%)
Unknown 8 (12.7%) 4 (16%) 4 (10.5%)

Median duration of RRT in months (range) 26 (3-217) 23 (12-217) 36 (3-203) 0.246
Number of antihypertensive medication (range) 0 (0-2) 0 (0-2) 0 (0-2) 0.706
Mean creatinin level (mg/dL) 5.3±1.8 5.4±1.6 5.3±1.9 0.908
Hemoglobin (g/dL) 11.1±1.5 11.1±1 11±1.7 0.752
Albumin (g/dL) 3.4±0.4 3.3±0.4 3.5±0.3 0.018*
25-Hydroxyvitamin D (ng/mL) 19.8±16.1 19±16.8 20.3±15.9 0.373
PTH (pg/mL) 421.3±401.1 413±398.7 426±388.8 0.385
Median TUG test time (sn) 10.8 (9-14.3) 10.7 (9-12) 11(10-14.3) 0.018*
Inclinometric deviation (degree) 4.1±1.9 5.5±1.9 3.1±1.2 <0.001*
Number of falls (range) 0 (0-10) 1 (1-10) 0 (0-0) <0.001*
Number of falls with fracture (range) 0 (0-2) 0 (0-2) 0 (0-0) <0.001*
DM: Diabetes Mellitus, HT: Hypertension, GN: Glomerulonephritis, PTH: Parathormone, TUG: Timed up and go test, RRT: Renal replacement
therapy, NS: Not significant *: Statistically significant.

Table 2. Independent predictors of falls.

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age
1.096

0.003*
1.103

0.066
(1.016-1.183) (0.993-1.225)

Albumin
0.162

0.022*
0.110

0.113
(0.034-0.772) (0.007-1.691)

TUG duration
2.364

0.012*
2.195

0.109
(1.211-4.616) (0.839-5.747)

Inclinometric deviation
3.167

<0.001*
2.627

0.003*
(1.730-5.799) (1.382-4.993)

TUG: Timed up and go test, OR: Odds ratio, CI: Confidence Interval, *: Statistically significant.

in individuals who have fallen, the risk of falling increases
significantly (Table 2).

Discussion
This study shows that in elderly HD patients, the fre-
quency of falls is high, TUG test durations are longer, and
increased inclinometric deviation of the ankle is an inde-
pendent determinant of the risk of falling. This study is
the first study, that demonstrates proprioceptive sensory
loss in HD patients with simple inclinometric measure-
ments and shows that inclinometric deviation increases
more in falling patients and is an independent determi-
nant of the risk of falling.
Among many geriatric problems, falls are associated with
severe morbidity and mortality in elderly patients who un-
dergo hemodialysis and who do not. In addition to the
difficulties of aging, many additional risk factors trigger

falls in hemodialysis patients. Neuropathies related to di-
abetes mellitus (DM), uremia or atherosclerosis in patients
on HD are common. In addition to neuropathies, muscle
and bone pain, muscle atrophies due to immobility, rapid
electrolyte and hemodynamic changes due to HD session,
and disruptions in the leukomotor system appear as ad-
ditional risks in HD patients [10-11-12]. A retrospective
study conducted by Cook and Jassal reported that while
27% of senior HD patients fell during the last one year,
an additional another 16% fell during the previous year
[13]. Roberts at al. demonstrated that, with a rate of 1.76
falls/patient year, 38% of HD patients fell within the one
year period [14]. This rate was 1.60 falls/patient year in
the study reported by Cook et al. [15]. In correlation with
such prior studies, in the present study 39.7% of patients
were fallers.

The dynamic balance and functional mobility of the pa-
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tients included in the present study were assesed by means
of TUG test. TUG test durations were significantly longer
in fallers, and both fallers and non-fallers demonstrated
slowed mobility. Zanotto et al. reported that falls were
associated with longer duration of TUG tests and also
showed that longer duration of TUG tests were indepen-
dent predictors of falls in HD patients [16]. Nevertheless,
TUG test durations were not independent predictors of
falls in the logistic regression analyses of the present study.

Proprioception is defined as the perception of position and
movement of the joints and the application of force in space
[17-18]. Proprioceptive receptors and mechanoreceptors
located on tendons, ligaments and joint capsules, percive
the signals that are transmitted to central nervous system
(CNS) via afferent sensory pathways and that ultimately
culminate in the formation of proprioception. Signals from
proprioceptive receptors and mechanoreceptors are inte-
grated and processed in the CNS, and a response is sent
to relevant tissues [19]. Maintaining balance, controlling
body posture, and ensuring the stability of the body dur-
ing static and dynamic activities are the main tasks of pro-
prioception. If proprioception fails to function adequately,
risk of falling increases [20]. The role of proprioception
in falling is a topic that is mentioned very little in geri-
atric patient groups. Moreover, the role of proprioception
in falling has never been studied in geriatric patients also
receiving HD. Basic inclinometric deviation measurements
of the ankle are indicative of proprioceptive sensation.

In the present study, inclinometric deviation of ankles was
significantly higher in the falling group (p<0.001). In the
logistic regression analysis, which included the patients’
age, TUG test durations, ankle inclinometric deviation
measurements, as well as albumin levels, high ankle in-
clinometric deviation appeared as the independent deter-
minant of the falls (OR=2,627, p=0.003). The data ob-
tained by the present study shows proprioceptive sensation
is more impaired in fallers. There are many reasons for
falls in HD patients. HD patients are prone to neuropa-
thy due to etiological reasons and uremia-related causes.
Diabetic polyneuropathy and uremic polyneuropathy are
common in dialysis patients. In the present study, the
number of patients diagnosed with diabetic nephropathy
was 22 (34.9%). A comparison of the number of falls re-
ported by patients diagnosed with diabetic nephropathy
and the number of falls documented for patients suffer-
ing from nephropathy of other etiological causes, there
was no significant difference in terms of the number of
falls. Uremic polyneuropathy is a frequent finding and is
demonstrated in more than 60% of chronic kidney disease
patients [21]. Although the cause of uremic polyneuropa-
thy is unknown, it is thought to be caused by thiamine,
zinc and biotin deficiencies, or by the toxicity of middle
molecular weight uremic toxins that are more difficult to
remove by hemodialysis [22]. Uremic polyneuropathy is a
distal symmetrical sensorymotor neuropathy. The afferent
pathway of proprioception is also transmitted to CNS via
sensory nerves. Proprioception pathways may be more af-
fected in the falling group of HD patients. Although there
are no studies showing receptor activities in HD patients,
it is possible to hypothesize that mechanoreceptor and pro-
prioceptive receptor activities in falling HD patients may

be more impaired. We also do not know whether there are
changes in the proprioceptive interpretation of the CNS in
uremic patients.
Small study population is a limitation of our study. Per-
forming EMG of patients would be helpful to demonstrate
whether there were basal neuropathies. Comparing the
patients with healthy controls would show the effect of
uremia on proprioceptive sensation more clearly.
The present study also has some strengths. Firstly, it is
important to note that this is the first study examining the
relationship between proprioception and falls in hemodial-
ysis patients. Additionally, the fact that all inclinometric
measurements were made by the same study nurse is also
of great significance. Finally, that both TUG tests and in-
clinometric measurements were performed 3 times and av-
erages were accepted as test results adds to the strengths
of the present study.
In summary, falls are common in elderly hemodialysis pa-
tients, and disruption of ankle proprioception is evident
in HD patients who fell. Exercise programs for increas-
ing the proprioceptive inflow may be beneficial to prevent
subsequent falls.
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