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Background: Falls while turning are associated with increased 
risk of hip fracture in older adults. Reliable and clinically valid 
methods for turn ability assessments are needed. 
Objectives: To explore the inter-observer reliability and known 
group validity of the TURN 180 test. 
Methods: We divided 78 independent older adults (mean age 
76.6 ± 6.5 years) into three groups: non-fallers, infrequent 
fallers (1–2 falls per year), and recurrent fallers (> 2 falls per 
year). Participants underwent performance-based tests: Timed 
Up and Go (TUG), Performance Oriented Mobility Assessment 
(POMA), and Berg Balance Scale (BBS). TUG was videotaped for 
later analysis of the TURN 180 test by two blinded observers.
Results: A significant difference was found in the TURN 180 
test parameters among the groups (P < 0.04). TURN 180 was 
highly correlated with TUG (r = 0.81–0.89, P < 0.001) and BBS 
(r = -0.704–0.754, P < 0.0001) and moderately with POMA  
(r = -0.641–0.698, P < 0.0001). The number of steps was found 
to be the strongest parameter to determine fallers among older 
adults (specificity 96.3%, sensitivity 40%). Inter-rater reliability 
(intraclass correlation coefficient 0.91–0.96, P < 0.0001) was 
found to be excellent for the number of steps, time taken to 
accomplish a turn, and total test score categories. 
Conclusions: The TURN 180 test is highly reliable and can 
identify the older adults who fall. Our results show that 
the TURN 180 test can serve as a good performance-based 
examination for research or clinical setting.
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ABSTRACT:

KEY WORDS:

A s the geriatric population continues to grow, the conse-
quences of falls and fall-related injuries increases (e.g., 

hip fracture, wrist fractures, and head injuries) [1]. Aizen and 
colleagues [2] reported that recurrent falls before a hip fracture-
related fall is associated with substantial loss of functional inde-
pendence and adversely affects rehabilitation outcome of hip 

fracture. It is estimated that 95% of hip fractures are the result of 
falls, 40% of hip fractures occur while walking, and 18% occur 
during turning [1]. A fall while turning is 7.9 times more likely 
to result in a hip fracture than a fall while walking straight [3]. 
This finding suggests that turning is a greater challenge for older 
adults than walking straight and may carry a significant risk for 
hip fracture.

Research on turning has primarily been limited to labora-
tory or clinical settings, although many daily activities require 
turning. Glaister and co-workers [4] found that non-straight 
steps during walking comprise approximately 35 to 45% of 
all steps taken in a typical day. Turn performance testing of 
older adults while walking has been used to distinguish fallers 
from non-fallers. Dite et al. [5] found that older adults who 
had recurrent falls during the previous 6 months had to take 
two or more steps to complete a 180-degree turn compared to 
older adults who reported a single fall. Specific turn character-
istics (i.e., turn time, turn steps, total turn score) were found 
to discriminate between groups of healthy and impaired older 
adults and had sufficient sensitivity to identify older adults who 
reported recurrent falls. Thigpen and colleagues [6] found that 
the older adults who had difficulty turning took more steps, 
needed more time to complete the turn, and usually did not use 
a pivot type of turn compared to young adults and older adults 
with no difficulty in turning. 

The TURN 180 test is a quick, practical, and low-cost test 
that may be able to identify fallers and may estimate a change 
following an intervention. The TURN 180 test can be assessed 
during the more common Timed up and Go test (TUG), and it 
takes only a few more minutes to observe and analyze a video 
clip. The TURN 180 test assesses an important component of 
a function in daily life that has, to date, not been sufficiently 
addressed in research.

The primary purpose of the current study was to evalu-
ate the inter-observer reliability of the TURN 180 test. Our 
second aim was to explore the ability of the TURN 180 test 
to distinguish between older adults who were classified as 
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non-fallers, infrequent fallers, or recurrent fallers. Our third 
aim was to examine the associations between gold standard 
performance-based tests of balance and the TURN 180 test. We 
suggested that the inter-observer reliability of TURN 180 test 
parameters would be high, especially for number of steps and 
time to complete the test, and somewhat lower for turn strategy 
and turn stability. We proposed that the number of steps and 
time to complete the TURN 180 test in recurrent fallers would 
be higher than for infrequent fallers and non-fallers. In addi-
tion, the TURN 180 test would demonstrate high associations 
with the TUG, Berg Balance Scale test (BBS), and Performance 
Oriented Mobility Assessment (POMA) because those tests also 
examine a person’s ability to turn.

PATIENTS AND METHODS
A convenience sample of 78 older adults (13 men and 65 
women, mean age 76.62 ± 6.5 years, range 65–90 years) was 
recruited. Patients were included if they were 65 years of age or 
older and able to ambulate independently for a distance of at 
least 10 meters. The exclusion criteria were visual impairment 
that could not be corrected by glasses, acute cardiopulmonary 
conditions (myocardial infarction, acute asthma) within the 
previous 3 months, severe congestive heart failure, neurologic 
pathologies (stroke, recurrent sclerosis, Parkinson’s disease), 
amputation of lower limb, vertigo, acute low back pain, acute 
ankle/knee/hip joint inflammation, or arthritis.

The participants were divided into three groups according to 
the number of self-reported falls in the previous 12 months: 27 
reported no falls, 26 reported one to two falls, and 25 reported 
more than two falls. After the participant signed informed con-
sent documents, experienced physical therapists conducted the 
assessments and collected the demographical data, information 
on the general health condition, fall history, and level of physi-
cal activity (measured in hours per week) through the short 
version International Physical Activity Questionnaires (IPAQ) 
[7]. The short IPAQ comprises a set of questions that provide 
information about the kinds of physical activities that people 
do as part of their everyday lives and the time they spent being 
physically active in the last 7 days (i.e., working, doing house 
and yard work, getting from place to place, and participating in 
recreation, exercise, or sport). In addition, the patients under-
went three performance-based balance tests: TUG, POMA, 
and BBS. 

To observe the subjects turning abilities while walking, we 
used a standardized study protocol. Each participant was given 
one practice trial and then performed the TUG three succes-
sive times while being videotaped. To establish the reliability of 
the TURN 180 test categories, the TUG video clips of the test-
ing procedure were later evaluated separately by two physical 
therapists who were blinded to each other’s assessment. They 
analyzed the TURN 180 test during the TUG video clips to 

determine the turn strategy, stability, number of steps taken 
during the turn, and the time needed to accomplish the turn 
using the slow-motion and stop-action capabilities of the 
video system. The parameters that we evaluated were grada-
tion of staggering, number of steps, time to accomplish turn 
and turn strategy according to Thigpen et al. [6]. The mean 
value of three trials for each rater was considered. A 180-degree 
turn during the TUG is defined as the beginning and end of 
the 180 reversal of direction at the turn line on the floor while 
walking. The last heel-strike prior to initiation of the reversal of 
direction is designated as the beginning of the turn. The heel-
strike of the first step progressing in a direct line back to the 
chair is designated the end of the turn. 

The study was approved by the ethics committee of Clalit 
Health Services (0003-15-COM).

SAMPLE SIZE ESTIMATION

Sample size requirements were calculated based on the number 
of steps needed to complete the Turn 180 test. We also used 
the time to accomplish the turn in older adults who had no 
difficulty in turning and older adults who had difficulty in turn-
ing [6]. For both calculations, the probability of a type I error 
was 0.05, and probability of a type II error was 0.20. Using net 
differences values for the groups in the number of steps needed 
to complete the Turn 180 test and the time to accomplish the 
turn in combination with the initial variance estimates, it was 
determined that 19 participants per group would be required. 

DATA AND STATISTICAL ANALYSIS

Statistical analyses were performed using Statistical Package for 
the Social Sciences software version 16 (SPSS Inc., Chicago, 
IL, USA). A descriptive analysis of the groups’ characteristics 
for nominal variables is presented by frequencies or percentage 
and is compared within the groups by chi-square or the Fisher’s 
exact test. Continuous variables are presented by the mean val-
ues and standard deviations and ordinal variables are presented 
by the median and inter-quartile range (IQR). 

To differentiate inter-observer variation, a two-way random 
model for inter-class correlation coefficients (ICC2) [8] was 
used assuming that each subject was assessed by two different 
observers, in random order, that reliability was calculated from 
an average measurement. Reliability is considered high with 
ICC > 0.80, substantial for ICCs 0.61–0.80, moderate for ICCs 
0.41–0.60, and poor to fair for ICCs < 0.4 [9]. 

In addition, mountain plot graphs for the TURN 180 param-
eters were generated separately for staggering, number of steps, 
number of steps grade, turn time (seconds), turn time grade, 
strategy (seconds), and total score [Figure 1]. The mountain 
plot graphs display the cumulative distribution of the difference 
between the scores in the two testing procedures. The graph was 
created by computing a percentile rank for ranked difference 
between the respondent scores and folded at the 50th percentile 
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strategy, number of steps taken, and time taken to accomplish 
a turn measured by grades (ICC 0.5–0.8, P < 0.0001). Slight to 
fair agreement was found for the staggering in the TURN 180 
categories. 

To gain an appreciation of the direction and magnitude of 
the score differences between two observers’ testing proce-
dures, we used mountain plots for TURN 180 test parameters. 
Because the differences in scores were computed using the 
observer A value scores minus the observer B scores, a positive 
difference in scores could be interpreted such that the observer 
A estimates the performance at a higher score than observer B 
and vice versa. For staggering, the median difference score was 
near zero, for the number of steps the estimate was near -0.7, for 
the number of steps grade it was near -0.75–0, for turn time it 
was near zero, for strategy it was near zero and for total score it 
was near -0.25. The median difference scores for all TURN 180 
test parameters were near zero. These results indicate that no 
large systematic differences were detected between two observ-
ers [Figure 1].

The average values of the four categories (staggering, num-
ber of steps, time taken to accomplish the turn, strategy) and 
total score of the TURN 180 test of the three groups were com-
pared. A significant difference was found between the groups in 
all categories (P < 0.001) except staggering (P = 0.302) [Table 1]. 

There were also significant differences for the groups in BBS 
(P < 0.001), POMA (P < 0.001), and TUG (P < 0.0001). High 
correlation was found in TURN 180 test parameters (number of 
steps, time taken to accomplish the turn, strategy), the BBS total 
score (r = -0.704–0.754, P < 0.0001), and TUG (r = 0.81–0.89, 
P < 0.001). A moderate correlation was found with the POMA 
(r = -0.641–0.698, P < 0.0001). Staggering category showed 
a poorer yet significant correlation with the BBS, TUG, and 
POMA [Table 2].

Forward stepwise logistic regression was used to identify 
the strongest variables that can determine recurrent fallers or 
infrequent fallers from non-fallers. We found that the model 
that included the TURN 180 category number of steps grade, 
OR [odds ratio] = 16.56, P < 0.0001, 95% confidence inter-

rank (percentile rank is defined as the proportion of cases hav-
ing lower or equal value to the score under consideration). The 
mountain graph plots cumulative percentages (y-axis values) 
against the ranked difference scores (x-axis values). In fold-
ing the graph, the percentile ranks for different scores above 
the 50th percentile were obtained by subtracting the actual 
percentile rank from 100 [10]. The mountain plot has several 
advantages, including locating the median immediately, easily 
determining symmetry, and observing outliers to determine 
central or tail percentiles. These advantages are especially useful 
in examining scoring differences for each TURN 180 parameter 
scored by the first and second testing procedure.

To test the ability of the TURN 180 test to identify non-fall-
ers, infrequent fallers, and recurrent fallers, a one-way ANOVA 
was performed or Kruskal–Wallis test if the data were not nor-
mally distributed. If there were significant differences, additional 
post-analysis least significant difference was performed or the 
Mann–Whitney test was used in case the data were not normally 
distributed. Statistical significance was set at P < 0.05. 

The Spearman correlation was performed to determine the 
associations between TURN 180 test parameters and TUG, 
POMA, and BBS scores. Correlation magnitude was estimated 
as absent to little (r = 0.00–0.25), low (0.26–0.49), moderate 
(0.50–0.69), high (0.70–0.89), or very high (0.90–1.00). In addi-
tion, a logistic regression model adjusted for age was built to 
find the strongest variable to determine fallers (recurrent or 
infrequent fallers) from non-fallers. We compared the goodness 
of fit of the logistic models by using the likelihood-ratio test and 
receiver operating characteristics (ROC) analysis in the tests.

RESULTS
There were no significant differences in the groups with regard 
to body mass index and specific disease existence. The recur-
rent fallers were significantly older (mean 80.3 ± 5.9 years) 
than non-fallers (75.0 ± 6.2 years, P = 0.007) or infrequent 
fallers (74.8 ± 6.2, P = 0.006) and had significantly more co-
morbidities (P = 0.001) than the two other groups. The recur-
rent fallers were taking significantly more medications than 
infrequent fallers (P = 0.003) or non-fallers (P < 0.001). There 
was a significant difference in gender proportions in the groups  
(P = 0.03). In the non-fallers, 29.6% were men compared to 
3.8% in infrequent fallers and 16% in recurrent fallers. The 
recurrent fallers had a significantly lower level of physical 
activity than the non-fallers (mean = 1.34 hours/week vs. 2.72 
hours/week, P = 0.036). Of the recurrent fallers, 40% used a 
walking stick compared with 7.7% of the non-fallers and 7.4% 
of the infrequent (P = 0.0008) fallers. 

High inter-observer agreement was found for the num-
ber of steps (quantity) and time taken to accomplish a turn 
(in seconds) and the total score categories (ICC 0.91–0.96,  
P < 0.0001). Moderate to substantial agreement was found for 

Table 1. Mean values ± standard deviation of the TURN 180 test 
categories among the groups (non-fallers, infrequent fallers, and 
recurrent fallers) 

Category
Non-
fallers

Infrequent 
fallers

Recurrent 
fallers 

P 
value

Staggering 0.1 ± 0.3 0.2 ± 0.4 0.4 ± 0.8 0.302
Number of steps 3.2 ± 1.3 4.2 ± 1.4 5.4 ± 1.6 < 0.0001
Number of steps, grade 0.7 ± 0.5 1.2 ± 0.5 1.7 ± 0.4 < 0.0001
Time to accomplish turn, seconds 2.3 ± 0.7 2.8 ± 1 3.8 ± 1.5 < 0.0001
Time taken to accomplish turn, 
grade 

0.5 ± 0.6 0.9 ± 0.8 1.5 ± 0.7 < 0.0001

Strategy 0.7 ± 0.5 1.1 ± 0.5 1.5 ± 0.5 < 0.0001
Total score 2.0 ± 1.5 3.4 ± 1.9 5.1 ± 2.0 < 0.0001
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DISCUSSION
In the present study, we found excellent ICCs for the number 
of steps, time taken to accomplish the turn, and total score test 
categories. These findings are consistent with Thigpen’s group [6]. 
They found substantial agreement on the number of steps taken 
during the turn and an almost perfect agreement for time taken to 
accomplish the turn with regard to quantitative items and moun-
tain plots. Our study adds to existing knowledge by showing that 
there are no systematic differences between two observers. Median 
difference scores for all TURN 180 test parameters were near 
zero, indicating high stability and no large systematic differences 
between the observers. The staggering and strategy, however, are 
parameters that are related to the observer’s subjective evaluation 
(i.e., qualitative items) and were found to be less reliable. 

Table 2. Spearman correlation for TURN 180 test categories, mean 
values, and TUG, POMA, and BBS tests

Category of TURN 180 test TUG POMA BBS 

Staggering 0.377 -0.384 -0.292
Number of steps 0.833 -0.695 -0.735
Number of steps, grade 0.835 -0.671 -0.727
Time taken to accomplish turn, seconds 0.893 -0.698 -0.731
Time taken to accomplish turn, grade 0.864 -0.668 -0.704
Strategy 0.810 -0.641 -0.712
Total score 0.881 -0.697 -0.754

P < 0.001 for all correlations
BBS = Berg Balance Scale test, POMA = Performance Oriented Mobility 
Assessment, TUG = Timed get Up and Go test

Table 3. Comparison of goodness of fit of the regression models for 
number of steps grade and activity level, TUG, POMA, and BBS tests, 
as predictors of falling

Area under 
the curve 

P 
value

Odds ratio (95% 
confidence interval)Model variables

0.849 
< 0.000116.56 (3.84–71.45)Step number grade 

0.040.75 (0.57–0.99)Physical activity level (IPAQ score)

0.809 < 0.000115.89 (3.78–62.57)Step number grade

0.813 0.0031.4 (1.12–1.75)TUG

0.770.0020.78 (0.67–0.91)BBS

0.6790.030.72 (0.54–0.96)POMA

BBS = Berg Balance Scale test, IPAQ = International Physical Activity 
Questionnaires, POMA = Performance Oriented Mobility Assessment,  
ROC = receiver operating characteristics, TUG = Timed get Up and Go test

Figure 1. Mountain plots for agreement 
between two observers, mean scores 
from three trials: staggering, number 
of steps, number of steps grade, 
turn time (seconds), turn time grade, 
strategy (seconds), and total score 
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val [95%CI] (3.84–71.45) and level of physical activity, OR = 
0.75, P = 0.041, 95%CI (0.57–0.99), adjusted for age, effectively 
detected the fallers [Table 3].

To determine the cutoff point of number of steps to 
distinguish fallers (at least one fall) from non-fallers, we 
successively divided the study population according to the 
number of steps taken to accomplish the turn and evaluated 
the presence of fallers in each group. We found that, at step 
5, the rate of fallers rises to almost 100% while only 60% at 
step 4. To compute the specificity and sensitivity of the cutoff 
point (above four steps), we separated our population into two 
groups according to the cutoff point: ≤ 4 steps and ≥ 5 steps. 
We performed a cross-tab analysis with a faller/non-faller 
variable. The specificity rate at the cutoff point was 96.3% and 
sensitivity was 40%. 
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but takes significantly less time. To determine fallers rather than 
non-fallers, the other three tests should be performed.

There were several limitations to this study. First, the dis-
tributions of the groups depended on the retrospective self-
report of the participants about the last year. Second, there is 
a causality problem. Based on our current research, we do not 
know whether the decreased ability to turn can be the cause of 
the falls or being a faller decreases the confidence of people to 
move, and therefore, they tend to turn more slowly and add 
extra steps. The common characteristics of the recurrent fallers 
are older age, high number of co-morbidities, and medication 
in the current study. All of these factors might affect the per-
formance of the TURN 180 test. Third, while compelling, the 
results are not completely conclusive because a larger sample 
needs to be assessed to draw more solid conclusions.

CONCLUSIONS

The TURN 180 test is a quick, practical, and low-cost test 
that can be used to identify non-fallers. The TURN 180 test 
parameters, time to accomplish a turn, the number of steps, 
turn strategy, and total score are reliable and valid assessments, 
which are able to distinguish between older adults with differ-
ent numbers of falls. The staggering test parameter has low reli-
ability and validity and thus should not be used as a parameter. 
The TURN 180 test has high correlation with TUG and BBS, 
but moderate correlation with POMA. The number of steps was 
found to be the strongest parameter to determine fallers among 
older adults, suggesting that a person who takes more than four 
steps during a turn tends to be a faller. 
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Several studies have investigated links between the gut micro- 
biome and colorectal cancer (CRC), but questions remain 
about the replicability of biomarkers across cohorts and 
populations. Maltez Thomas and co-authors performed a 
meta-analysis of five publicly available datasets and two new 
cohorts and validated the findings on two additional cohorts, 
considering in total 969 fecal metagenomes. Unlike microbiome 
shifts associated with gastrointestinal syndromes, the gut 
microbiome in CRC showed reproducibly higher richness than 
controls (P < 0.01). This finding is partially due to expansions of 
species typically derived from the oral cavity. Meta-analysis of 
the microbiome functional potential identified gluconeogenesis 
and the putrefaction and fermentation pathways as being 
associated with CRC, whereas the stachyose and starch degra- 

dation pathways were associated with controls. Predictive 
microbiome signatures for CRC trained on multiple datasets 
showed consistently high accuracy in datasets not considered 
for model training and independent validation cohorts 
(average area under the curve, 0.84). Pooled analysis of raw 
metagenomes showed that the choline trimethylamine-lyase 
gene was overabundant in CRC (P = 0.001), identifying a 
relationship between microbiome choline metabolism and CRC. 
The combined analysis of heterogeneous CRC cohorts thus 
identified reproducible microbiome biomarkers and accurate 
disease-predictive models that can form the basis for clinical 
prognostic tests and hypothesis-driven mechanistic studies.
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Metagenomic analysis of colorectal cancer datasets identifies cross-cohort microbial diagnostic 
signatures and a link with choline degradation

Capsule

Differences in the presence of even a few genes between 
otherwise identical bacterial strains may result in critical 
phenotypic differences. Zeevi and co-workers systematically 
identified microbial genomic structural variants (SVs) and 
found them to be prevalent in the human gut microbiome 
across phyla and able to replicate in different cohorts. SVs 
are enriched for CRISPR-associated and antibiotic-producing 
functions and depleted from housekeeping genes, suggesting 
that they have a role in microbial adaptation. The authors 
found multiple associations between SVs and host disease 
risk factors, many of which replicate in an independent cohort. 

Exploring genes that are clustered in the same SV, they 
uncovered several possible mechanistic links between the 
microbiome and its host, including a region in Anaerostipes 
hadrus that encodes a composite inositol catabolism-butyrate 
biosynthesis pathway, the presence of which is associated 
with lower host metabolic disease risk. Overall, these results 
uncover a nascent layer of variability in the microbiome that 
is associated with microbial adaptation and host health.
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Structural variation in the gut microbiome associates with host health

“A teacher is one who makes himself progressively unnecessary”
Thomas Neely Carruthers (1900–1960), U.S. bishop of the Episcopal Diocese of South Carolina 


