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Abstract

Purpose The most commonly used mobility assessments
for screening risk of falls among older adults are rating
scales such as the Tinetti performance oriented mobility
assessment (POMA). However, its correlation with falls
is not always predictable and disadvantages of the scale
include difficulty to assess many of the items on a 3-point
scale and poor specificity. The purpose of this study was to
describe the ability of the new Aachen Mobility and Bal-
ance Index (AMBI) to discriminate between subjects with a
fall history and subjects without such events in comparison
to the Tinetti POMA Scale.

Methods For this prospective cohort study, 24 partici-
pants in the study group and 10 in the control group were
selected from a population of patients in our hospital who
had met the stringent inclusion criteria. Both groups com-
pleted the Tinetti POMA Scale (gait and balance compo-
nent) and the AMBI (tandem stance, tandem walk, ten-
meter-walk-test, sit-to-stand with five repetitions, 360°
turns, timed-up-and-go-test and measurement of the domi-
nant hand grip strength). A history of falls and hospitali-
zation in the past year were evaluated retrospectively. The
relationships among the mobility tests were examined with
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Bland—Altmananalysis. Receiver-operated characteristics
curves, sensitivity and specificity were calculated.

Results The study showed a strong negative correlation
between the AMBI (17 points max., highest fall risk) and
Tinetti POMA Scale (28 points max., lowest fall risk;
r = —0.78, p < 0.001) with an excellent discrimination
between community-dwelling older people and a younger
control group. However, there were no differences in any
of the mobility and balance measurements between partici-
pants with and without a fall history with equal character-
istics in test comparison (AMBI vs. Tinetti POMA Scale:
AUC 0.570 vs. 0.598; p = 0.762). The Tinetti POMA
Scale (cut-off <20 points) showed a sensitivity of 0.45 and
a specificity of 0.69, the AMBI a sensitivity of 0.64 and a
specificity of 0.46 (cut-off >5 points).

Conclusion The AMBI comprises mobility and balance
tasks with increasing difficulty as well as a measurement
of the dominant hand-grip strength. Its ability to identify
fallers was comparable to the Tinetti POMA Scale. How-
ever, both measurement sets showed shortcomings in dis-
crimination between fallers and non-fallers based on a self-
reported retrospective falls-status.

Keywords Ground-level falls - Co-managed care -
Elderly - Fall prevention - Mobility tests - Mobility -
Balance - Tinetti test

Introduction

Multiple studies have described the demographic changes
in western societies. An increasing number of traumatic
events are associated with these changes [1-6]. The inci-
dence of falls in the elderly population is difficult to deter-
mine and therefore potentially underestimated. Even in the
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cognitively fit patients, reconstructing the chain of events
is demanding [7]. Previous falls, strength, gait and bal-
ance impairments, and use of specific medications range
amongst the strongest predictors [8]. By identifying indi-
viduals with a high risk of falling, targeted fall preven-
tion interventions could be directed at those most likely to
benefit from them. The American Geriatric Society/British
Geriatric Society guideline therefore suggests that all older
individuals should be assessed regarding the incidence and
number of falls in the last year. Furthermore, the evaluation
should include a detailed physical examination and a timed
performance test [9, 10]. Numerous simple and composite
physical performance tests have been used for screening
risk of falls among older adults [11-15]. However, most
tests have not been validated prospectively in large repre-
sentative samples of community-dwelling older people,
making their predictive accuracy uncertain [15].

The most commonly used mobility assessments are rat-
ing scales such as the Tinetti performance oriented mobility
assessment (POMA) [8, 13]. Rating scales utilize subjec-
tive categorical determinations to create ordinal measure-
ments, may be time-consuming, and are subjected to inter-
rater reliability concerns. Different versions of the test
were used by different studies and its correlation with falls
in the future is not always predictable [16, 17]. Disadvan-
tages of the scale include difficulty to assess many of the
items on a 3-point scale and its poor specificity. Further-
more, despite being widely used in gerontology, the gait
section is seldom used [18]. Objective performance indi-
ces (e.g. timed-up-and-go-test (TUG)) are also commonly
used. The TUG uses agreement in stop-watch durations
instead of rating scales, probably making it the most reli-
able test [18-20]. These continuous measures offer inter-
val or ratio measurements and, therefore, finer performance
distinctions [20]. However, specific tasks or single tests
may offer limited challenge to high-functioning individu-
als or include elements that are too difficult for impaired
older adults [17]. To address these issues, we developed a
mobility and balance index that includes tasks representing
progressively more difficult mobility and balance compo-
nents. The tasks progress with increasing complexity and
are designed to challenge performance abilities across the
spectrum of older adults. Using progressively complex
tasks including standing balance, walking balance, gait
speed, sit-to-stand, 360 degree turns and the more complex
TUG offers the potential to avoid ceiling and floor effects
and specific correlates of falling can be identified to define
those people at risk. In addition, impaired muscle strength
is associated with falls, especially in older adults [21]. Low
dominant hand-grip strength (DHGS) is a strong predictor
for both long-term and short-term disability and mortality.
DHGS has been reported to have a good-to-excellent reli-
ability in older adults and correlates with the static balance
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in geriatric patients, which was an independent predictor of
physiological fall risk [17]. Given these considerations, the
DHGS is a reasonable parameter in fall risk stratification
and was included in the mobility and balance index.

A recent history of falls has been used as an indicator of
functional decline [20, 22]. The purpose of this study was
to describe the ability of the Aachen Mobility and Balance
Index (AMBI) to discriminate between (1) community-
dwelling elders and healthy controls and (2) subjects with
balance disorders (history of falls in the past year) and sub-
jects without such disorders. In addition, POMA scores
were compared with AMBI scores. Sensitivity rather than
specificity was emphasized, as the focus was on recogniz-
ing individuals requiring intervention rather than screening
those who did not.

Methods
Study group

This study was approved by the Institutional Review Board
at the RWTH Aachen University. Participants were con-
tacted by letter using a mailing list provided by several
Departments of Internal Medicine and Surgery, following a
pre-screening interview via telephone. On their first visit 24
community-dwelling elders (CDE) provided informed con-
sent, mental status, medical and falls histories and under-
went physical examination by a physician. Exclusion cri-
teria were: cognitive impairment (mini mental status exam,
score <24 [23]), legal blindness, obesity (BMI >30), and
insufficient command of German language. To eliminate
the influence of known pathology, volunteers with a diag-
nosis of neurological, orthopedic or visual disorders (e.g.
Parkinson’s disease, knee replacement or macular degener-
ation) directly impairing mobility were excluded. Utilizing
falls-risk screening criteria, participants reporting >2 non-
injury falls in the past year or >1 injury fall were catego-
rized as ‘fallers’; remaining subjects were considered ‘non-
fallers’ [20]. The Charlson comorbidity index (CCI), score
of frailty (Fried) and the DemTect score were calculated.

Control group

A healthy control group was included to determine and
validate the time limits of the specific mobility tests avail-
able in the literature. Recruitment was achieved via flyers
posted on bulletin boards, as well as by e-mail. Informed
consent was obtained from each participant and participa-
tion was voluntary (ethical approval EK 171/14). Subjects
had to meet the following stringent criteria to be eligible
to participate: (1) no history of musculoskeletal disease
in general; and (2) no history of lower-extremity or spine
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pathology that would influence the ability to stand and turn.
All subjects were screened by a board-certified orthopedic
surgeon. Vision and hearing was also tested to ensure that it
was within normal age limits.

Functional mobility tests

Aachen Mobility and Balance Index (AMBI) (higher scores
represent a higher level of fall risk)

Standing balance (tandem stance)

The tandem stance is reported to have poor discriminatory
ability and sensitivity but good specificity [24, 25]. This
clinical test of standing balance was carried out with eyes
open and standing on a line without additional help. Time
was measured until correctional movement was done. A
standing time shorter than 10 s was considered a balance
disorder (2 points) [26].

Walking balance (tandem walk)

Two studies have shown that poor tandem walk ability was
a predictor of falls [11, 27]. After adjustment for bone den-
sity, poor tandem walk ability as well as slow gait speed
and poor vision, were independent predictors of hip frac-
ture [28]. Given a distance of 8 m, a side deviation of more
than a half foot breadth was considered a balance disorder
(2 points) [11, 27].

Guit speed (ten-meter-walk-test)

Slow gait speed is associated with an increased risk of falls
[29, 30] and is a measure included in fall risk assessment
scales [31, 32]. Subjects completed a ten-meter-walk-test
measured in seconds along a corridor at their normal walk-
ing speed. A time between 8 and 10 s was considered a
slightly impaired gait speed (1 point) and greater than 10 s
an insufficient gait speed (2 points).

Sit-to-stand (STS-5)

Csuka and McCarty first described the use of the sit-to-
stand-test as a measure of lower-extremity strength [33].
The ability to stand from a chair is a crucial factor in inde-
pendence in older adults living in the community and is
related to falls [11, 34]. For the sit-to-stand-test with five
repetitions (STS-5), subjects were asked to rise from a
standard height (43 cm) chair without armrests, five times,
as fast as possible with their arms folded. Subjects under-
took the test barefoot and performance was measured
in seconds, as the time from the initial seated position to
the final seated position after completing five stands. A

performance between 12 and 15 s was considered a slightly
impaired lower limb strength (1 point) and a time span
greater than 15 s a severely impaired strength (2 points)
[15, 35].

360-degree turns

The ability to turn around in an efficient manner has been
included in assessments of mobility and balance in older
people [31, 36]. Investigating the segmental coordination,
subjects were asked to take a few steps turning around. The
number of steps taken to complete this 360-degree turn was
counted. A number of steps between 5 and 8 were consid-
ered a slightly impaired turn (1 point), greater than eight
steps a severely impaired turn (2 points) and all character-
istics of tumbling were considered a missing ability to turn
(3 points).

Timed-up-and-go-test (TUG)

The timed-up-and-go-test (TUG) is useful in an outpa-
tient setting, because it takes only a few minutes, is easy
to administer, and requires little equipment. Importantly,
the TUG test is highly correlated with functional mobil-
ity, gait speed, and falls in older adults [37]. Patients were
instructed to stand up from a chair and walk forward at
their normative speed for 3 m, then turn around and walk
back to the chair and sit down. The whole procedure was
timed in seconds from the command to go until the partici-
pant made contact sitting in the chair. If the patient could
not perform the task without using their hands to push off,
they were allowed to do it a second time while using their
hands to push off the chair. Use of assistant devices was
not allowed. In a recent study, the best predictive value
for discriminating elderly individuals who fell was 12.5 s
[19]. Based on these results, we considered a time span of
10-19 s a slightly impaired mobility (1 point), 20-29 s a
moderately impaired mobility with probable impairments
in daily living (2 points) and greater than 29 s a severely
impaired mobility with strong affection of activities in
daily life (4 points).

Dominant hand-grip strength (DHGS)

Measurement of dominant hand-grip strength (DHGS) is
a simple, inexpensive risk-stratifying method for all-cause
death and cardiovascular disease [38]. Grip strength was
measured with a hydraulic hand dynamometer (SH5001,
SAEHAN Corporation, Gyeongsangnam-do, South Korea)
with the elbow at 90° and the forearm neutral. Participants
were instructed to squeeze the handle of the dynamometer
and maintain for 5 s. Three trials were performed with ade-
quate rest in between and the best reading was taken as the
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DHGS in kilograms (kg). Age-adjusted tables were used to
determine if the DHGS was normal or impaired (2 points)
[39].

Tinetti POMA Scale

(Higher scores represent a lower level of fall risk.)

We also used the Tinetti POMA Scale to assess the gait
with seven components (initiation of gait, step length, step
symmetry, step continuity, path, trunk and walking stance;
maximum 12 points) and balance abilities of participants
with nine components (sitting balance, arises, attempts
to arise, immediate standing balance, standing balance,
nudged, eyes closed, turning 360°, and sitting down; max-
imum 16 points) [8, 13]. Each subscale was measured as
abnormal = 0 or normal = 1; in some cases, adaptive = 1
and normal = 2. The maximum sum-score of both gait and
balance components are 28 points. If a clinician desires to
optimize both sensitivity and specificity to identify only
those who are at high risk of falling, a cut-off score of 20 is
supported [40].

Statistical analysis

Analysis was performed using SPSS™ 21.0 (SPSS Inc.,
Chicago, IL, USA). Continuous data were summarized
by means, range and corresponding SD, and categorical
data by frequencies and percentages. Differences in soci-
odemographic and clinical variables between the groups
were tested with the Chi-square test. The linear relation-
ships among the mobility tests (all mobility and balance
measurements including Tinetti POMA Scale, AMBI and
its components) were examined with Pearson correlations.
Unpaired # tests were used to assess differences in mobil-
ity task performance for study group versus control group,
fallers and non-fallers based on the retrospective falls data.
Receiver-operated characteristics (ROC) curves and AUC”s
were calculated and pairwise comparison of ROC curves
was performed with Bland—Altmananalysis. Sensitivity and
specificity were then calculated for the cut-off points (Med-
Calc® version 16.2.1, Ostend, Belgium).

Results

Study population

The 24 participants of the study group (SG) and ten of the
control group (CG) were selected from a population of

patients in our hospital who had met the stringent inclu-
sion criteria. The study group (17 women, 7 men) was
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different from the control group [(5 women, 5 men, age
26, 7 (21-32) years, BMI 23, 4 (20-27) kg/mZ)] in terms
of age [(79, 5 (66-93) years; p < 0.001) and BMI (25, 9
(17-33)] kg/mz; p = 0.030) (Table 1 shows the distribution
of the study collective). The control group outperformed
the study group in the standardized mobility and balance
tests. The mean AMBI (0.7 vs. 6.3 points) as well as the
Tinetti POMA Scale (gait and balance scale included;
28.0 vs. 22.2 points) showed superior results for the con-
trol group (p < 0.001). However, in terms of gait speed and

Table 1 Demographic data, including balance and mobility scales of
the participants analyzed by groups

Study group Control group p

Gender (n)
Women 17 5
Men 7 5
Age® (years) 79.5 (66-93) 26.7 (21-32) <0.001
BMI* (kg/m?) 25.9 (17-30) 23.4 (20-27) 0.03
AMBI (points) 6.3 (0-11) 0.7 (0-2) <0.001
Tandem stance 1.3 (0-2) 0(0)
Tandem walk 0.7 (0-1) 0(0)
Gait speed 1.2 (0-2) 0.2 (0-1)
Sit-to-stand (STS-5) 0.5 (0-2) 0(0)
360 degree turn 1.2 (0-2) 0.5 (0-1)
Timed-up-and-go-test (TUG) 0.7 (0-2) 0(0)
Dominant hand grip strength 0.8 (0-2) 0(0)
(DHGS)
Tinetti POMA Scale (points) — 22.2 (14-28) 28 (28) <0.001
Tinetti gait (points) 9.4 (6-13) 13 (13) <0.001
Initiation of gait 1.8 (0-2) 2(12)
Step height 1.4 (1-2) 2(12)
Step length 1.4 (1-2) 2(2)
Step symmetry 0.4 (0-1) 1(1)
Step continuity 1.7 (1-2) 2(2)
Path stability 1.4 (1-2) 2(2)
Trunk stability 0.8 (0-1) 1(1)
Step width 0.5 (0-2) 1(1)
Tinetti balance (points) 12.7 (7-15) 15 (15) <0.001
Sitting balance 1(1) 1(1)

Arising from chair 3.8(34) 44
1.9 (0-2) 2(2)
1.5(0-2) 2(2)

0.60-1)  1(1)

Immediate standing balance
Standing balance

Balance with eyes closed

360 degree turn 1.5 (1-2) 2(2)
Absorbing chest shocks (3 1.6 (1-2) 2(2)
times)

Sitting down 0.8(0-1)  1(1)

# Values are presented as mean and range
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360-degree turn not all young participants could reach the
optimum value (Table 1). Focusing on potential gender
effects, no differences emerged between female and male
participants of the SG or the CG assessing the AMBI and
Tinetti scores. However, mobility competencies in terms
of the sit-to-stand-test (STS-5) were better in females than
in males in the SG (9.3 vs. 12.4 s; p = 0.012) despite an
impaired hand-grip strength in females (17.9 vs. 23.1 kg;
p = 0.030).

Test correlations

We found a significant negative correlation between the
AMBI [(6.3 £ 2.9 points (17 points max., highest fall
risk))] and the Tinetti Score [(22.4 + 4.4 points (28 points
max., lowest fall risk)]; »r = —0.78, p < 0.001; Table 2;
Fig. 1). A high frailty score (Fried) was associated with a
low dominant hand grip strength (r = —0.64; p = 0.001)
and a reduced Tinetti Score (r = —0.51; p = 0.010). The
existence of comorbidities (Charlson comorbidity index,
CCI) was associated with a low DemTect score (r = —0.51;
p = 0.011) and a high number of steps in the 360-degree
turn. Furthermore, an impaired dominant hand-grip
strength showed an inverse correlation with the number of
hospitalizations due to fall injuries.

Table 2 Correlation between Tinetti POMA Scale and AMBI

Tinetti scale (points)

AMBI (points) —0.776
p<0.001
Pearson r
Bland-Altman-Plot
or +1.96 SD
O
2 5l 2,5
< -10F o © o °
= o o
Q 15} o o Mean
E=; ° o © -15,9
_é -20F o
(o)
L 51 °© o ©
= o -1.96 SD
< -30F 29,2
-35 1 1 1 1 1 1 1 1

11 12 13 14 15 16 17 18
Mean of AMBI and Tinetti POMA Scale

Fig. 1 Correlation in the study group between the AMBI and the
Tinetti POMA Scale (Bland—Altman-plot)

Entry falls-status criterion in the study group

16 participants reported at least one single fall, 6 partici-
pants reported multiple falls (>2 falls) and 9 participants
reported fall-related hospitalization in the past year.

Participants reporting >2 non-injury falls in the past
year or >1 injury fall (hospitalization) were categorized
as ‘fallers’; remaining subjects were considered ‘non-fall-
ers’ [20] leading to 13 ‘non-fallers’ [(age: range 69-93,
80.2 &+ 6.5 (mean £ SD))] and 11 ‘fallers’ (age: range
66-93, 78.7 £ 6.2). Focusing on mobility and balance
measurements, no differences emerged between fallers and
non-fallers (AMBI, Tinetti POMA Scale, gait speed, ten-
meter-walk-test, STS-5, 360-degree turn, TUG and DHGS;
Table 3).

The sensitivity and specificity with which the two meas-
urement sets, AMBI and Tinetti POMA Scale, identified
entry falls-status group were calculated (Table 4). Using
a cut-off criterion <20 points, the Tinetti POMA Scale
showed a sensitivity of 0.45 and a specificity of 0.69 (AUC
0.598; 95 % CI 0.380-0.791). The AMBI showed a sensi-
tivity of 0.64 and a specificity of 0.46 (AUC 0.570; 95 %
CI 0.354-0.768) considering the best sensitivity/specificity
ratio using a cut-off criterion of >5 points. Pairwise com-
parison of ROC curves showed no significant differences

Table 3 Comparison between non-fallers and fallers in performance
of mobility and balance tests (study group, n = 24)

Non-fallers  Fallers p
n 13 11
Gender (n) 0.386
Women 8 9
Men 5 2
Age? (years) 80.2 (69-93) 78.7 (66-93) 0.670
BMI? (kg/m?) 26.0 (17-32) 25.8 (20-33) 0.872
DemTect” (points) 14.8 (11-18) 15.8 (13-18) 0.296
Frailty (fried) 3 + 4 (n/%) 5 (38 %) 6 (55 %) 0.431
CCI 3-5 (n/%) 7 (54 %) 7 (64 %) 0.697
Vision impairment (n/%) 10 (77 %) 10 (91 %) 0.596
Hearing impairment (n/%) 7 (54 %) 5 (45 %) 0.680
Incontinence (n/%) 4 (31 %) 4 (36 %) 0.555
AMBT (points) 6.0 (0-11) 6.6 (4-11) 0.599
Gait speed” (m/s) 1.1 (0.7-1.7) 1.1(0.7-1.7) 0.992
Ten-meter-walk test® (s) 9.8 (7-13) 9.7 (7-13) 0.963
Sit-to-stand® (STS-5) (s) 10.0 (7-15) 10.5(8-14) 0.649
360° turn® (steps) 7.2 (4-11) 6.9 (5-11) 0.799
Timed-up-and-go-test* (TUG)  13.0 (8-21) 13.5(8-18) 0.737

Dominant hand grip strength®  20.3 (15-28) 18.5(10-32) 0.424

(DHGS)

Tinetti POMA Scale® (points) 22.6 (14-28) 21.6 (17-28) 0.593

# Values are presented as mean and range
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Table 4 Concurrent criterion-related data for falls risk

Score Faller Non-faller Total
Tinetti POMA of <20 54 [a] 48 [p] 9
Tinetti POMA of >20 6 [c] 9P [d] 15
Total 11 13 24
AMBI of >5 72 [a] 78 [b] 14
AMBI of <5 4% [¢] 6P [d] 10
Total 11 13 24

Tinetti POMA Scale of <20 and an AMBI of >5 were the fall risk
criterions, compared with the criterion standard of a reported history
of falls in the study group [20]. Tinetti versus AMBI: sensitivity a/
(a + c) 45 vs. 64 %, specificity d/(b + d) 69 vs. 46 %, positive pre-
dictive value a/(a 4 b) 56 vs. 50 %, and negative predictive value d/
(c + d) 60 vs. 60 %

A True positives, people with a history of falls correctly identified as
at risk for falls

B False positives, people incorrectly identified as at risk for falls
€ False negatives, people incorrectly identified as not at risk for falls

D True negatives, people with no history of falls correctly identified
as not at risk for falls
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Fig. 2 Illustration and comparison of ROC curves of the AMBI and
the Tinetti POMA Scale (AUC difference 0.028; p = 0.762)

between AMBI and Tinetti POMA Scale (p = 0.762;
Fig. 2).

Figure 3 depicts the receiver operating characteris-
tics (ROC curves) of the AMBI and Tinetti POMA Scale
modifying the falls-status criterion (Fig. 3). The Tinetti
POMA Scale produced the highest sensitivity values, iden-
tifying multiple fallers without taking “injury fall” into
consideration. Focusing on multiple fallers and removing
“hospitalization” lead to a markedly increased sensitivity
(0.67 compared to 0.45) and slightly increased specificity
(0.72 compared to 0.69) with a AUC of 0.699 (95 % CI
0.480-0.867).
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Discussion

The correlation of the Tinetti test with falls in the future
is not always predictable and disadvantages of the scale
include difficulty to assess many of the items on a 3-point
scale [16, 17]. Continuous measures offer interval or ratio
measurements and therefore finer performance distinctions
[20]. We developed a mobility and balance index (AMBI)
that comprises tasks of continuous measurements repre-
senting progressively more difficult mobility and balance
components as well as the dominant hand-grip strength.
The study showed a strong negative correlation between
the AMBI and Tinetti POMA Scale with an excellent dis-
crimination between community-dwelling older people and
a younger control group. However, no differences emerged
in any mobility and balance measurement between par-
ticipants with and without a fall history. The Tinetti Scale
showed a moderate specificity but a poor sensitivity, the
AMBI a better sensitivity than specificity. Albeit, remov-
ing the criterion “hospitalization”, multiple fallers could be
detected using the Tinetti POMA Scale with a significant
increased sensitivity and an acceptable specificity. A low
dominant hand-grip strength was associated with frailty
and a high hospitalization rate in the past.

Time constraints, competing demands, and inadequate
reimbursement pose a challenge to incorporating fall pre-
vention into practice [13, 41]. History of falls as well as
gait or balance disabilities are strong and reliable predic-
tors of future falls. In conclusion, further assessment is
required if patients affirm more than one non-injurious
fall or report difficulties with walking or balance [8, 10].
Assessment tools for gait and balance are straightforward,
self-contained, fast to apply and can apparently be used to
predict the risk of falling [36]. However, there is a lack of
evidence that any of the available screening tests is clearly
useful for identifying fallers [9]. Evaluation of these tests
has mostly been performed in single studies or in multiple
but diverse and incomparable studies in terms of sample
size or study design [9]. The most frequently evaluated tool
is the Tinetti POMA Scale. However, different versions of
the test were used by different studies [16]. Despite being
widely used in gerontology, the gait section is seldom used
and disadvantages of the scale represent a poor specific-
ity [18]. However, in our study the Tinetti Scale showed a
moderate specificity of 69 % but a poor sensitivity of 45 %.
Furthermore, if a clinician desires to optimize both sensi-
tivity and specificity to identify only those who are at high
risk of falling, a cut-off score of 20 is supported [40]. In
a previous study, the Tinetti POMA Scale demonstrated
also high specificity in terms of falls-status, supporting its
value for screening those who may not require interven-
tion. However, this widely used test provided disappointing
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Fig. 3 Receiver operating characteristics (ROC curves) of the AMBI and Tinetti POMA Scale modifying the falls-status criterion

sensitivity toward entry falls-status and subsequent injury
falls, making it insufficient for situations requiring both
sensitivity and specificity [20]. Using the Tinetti Scale in
our study the discrimination between fallers and non-fall-
ers was poor. A different study found the Tinetti POMA
to be sensitive (70/52 specificity) to one or more falls
among 225 community-dwelling older people [20, 42]. It
was recommended to include more challenging items or
those addressing medical factors associated with falls [20].
However, it is unlikely that any single mobility test will be
shown to have excellent predictive accuracy, as it is known
that the causes of falls are multifactorial with several fac-
tors unrelated to mobility. For example, poor vision, car-
diovascular conditions and cognitive impairment can lead
to falls independent of mobility limitations [15]. Based on
assessments of feasibility, reliability and predictive valid-
ity for falls, the sit-to-stand-test with five repetitions (STS-
5) and the six-meter-walk-test were recommended [15].
Besides, the timed-up-and-go-test (TUG) is the most fre-
quently recommended screening test for mobility using
agreement in stop-watch durations instead of rating scales
[18, 19, 37]. The tandem stance is reported to have a good
specificity for predicting falls [24, 25]. DHGS has been
reported to have a good-to-excellent reliability in older

adults and to correlate with the static balance in geriatric
patients which was an independent predictor of physiologi-
cal fall risk [17]. Kegelmeyer et al. recommended that cli-
nicians perform a multifactorial fall risk assessment once
they have screened individuals with the Tinetti Scale [40].
Furthermore, there was an enhanced predictive ability to
discern subjects with balance dysfunction from subjects
without balance dysfunction on the basis of a combination
of the results from the STS-5, measurement of balance, and
gait measurements [35]. In this light, we think the introduc-
tion of the combination of quick balance and mobility tools
with continuous measurements including the hand-grip
strength meets the criteria to identify whether or not a bal-
ance problem exists.

However, such as the Tinetti test, none of these tests
alone or in combination (AMBI) was associated with the
retrospective falls-status in the last year. Maybe the hand-
grip strength could predict hospitalization, but this asso-
ciation should be interpreted with caution because of the
retrospective nature of the trial and the reliance on self-
reported data. However, a reliable and accurate falls-status
as the underlying criterion has to be highlighted. Focus-
ing on multiple fallers without considering hospitalization
times [20] induced a significantly increased sensitivity of
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the Tinetti POMA Scale. Assessing the status of falls seems
to be the key factor for comparing test batteries and their
fall prediction abilities. In retrospective studies, verifica-
tion of fall history is also in the responsibility of the elderly
patient. The introduction of self-assessment tools, such as
the ‘Aachen falls prevention scale’, could help to focus on
balance problems making retrospective data more reliable
[43].

Limitations

This report has several drawbacks. Firstly, it is acknowl-
edged that as the participants comprised relatively healthy
older people, the findings are unlikely to generalize to very
frail older people. Secondly, the number of participants
was limited diminishing the conclusions. Thirdly, further,
predictive accuracy is limited by the retrospective and the
inherently problematic nature of the outcome variable (i.e.
falls), which relies on self-report. Further studies including
a larger study group will have to assess the ability of the
AMBI to estimate the individual falls risk on a longitudinal
basis and possibly trigger the necessity for further assess-
ment by a skilled physician.

Conclusion

The Aachen Mobility and Balance Index (AMBI) com-
prises mobility and balance tasks with increasing diffi-
culty as well as a measurement of the dominant hand-grip
strength.

The study showed a strong negative correlation between
the AMBI and Tinetti POMA Scale with an excellent dis-
crimination between community-dwelling older people and
a younger control group. However, no differences emerged
in any mobility and balance measurement between par-
ticipants with and without a fall history. The Tinetti Scale
showed a moderate specificity but a poor sensitivity (cut-
off <20), the AMBI a better sensitivity than specificity (cut-
off >5). Pairwise comparison of both AMBI and Tinetti
POMA Scale showed no statistical differences.
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