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ABSTRACT

Background: Measurement reliability has important decision-making implications
for physical therapists and researchers when assessing individuals. Given that physical
therapists often visually assess forward head posture (FHP) to guide treatment, the aims
of this study were to quantify: (a) the reliability of indirect (visual) assessments of
standing FHP in asymptomatic adults, and (b) the magnitude of the biological (postural)
and technical errors involved.

Methods: A reliability analysis of two indirect assessments (visual assessments of
real and 3D body scanned people) of FHP was undertaken. The sample comprised 10
physical therapists and 50 asymptomatic participants. Participants were scanned using the
Vitus Smart 3D whole body scanner and visually assessed for FHP by the physical
therapists. One week later, the physical therapists visually assessed the scanned images of
the participants plus 15 duplicates, and two weeks later, the physical therapists and
participants again presented with physical therapists repeating their visual assessments.
Reliability (both intra- and inter- rater) of indirect assessments was determined by
Cohen’s Kappa (k). Total error was estimated as the unexplained error in repeated
indirect assessments of real people (i.e., I minus the intra-rater k for real people);
technical error as the unexplained error in repeated visual assessments of scanned people
(i.e., 1 minus the intra-rater k« for scanned people); and biological error as the difference

between the total and technical errors.
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Results: The intra-rater reliability of indirect assessments of real and scanned
people was moderate (i [95%CI]: real, 0.45 [0.34, 0.56]); scan, 0.46 [0.39, 0.53]), while
the inter-rater reliability was slight (x [95%CI]: real, —0.02 [—0.09, 0.05]; scan, 0.09
[0.06, 0.12]). Nearly all of the FHP error was due to technical error.

Conclusions: The intra- and inter- rater reliability of indirect assessments of
standing FHP was moderate and slight, respectively. It appears that nearly all of the error
in indirect assessments of FHP is due to technical error, highlighting that efforts to

improve reliability should focus on minimizing technical errors.

Keywords: visual assessments; repeatability; biological error; technical error; 3D scanner
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CHAPTERI
INTRODUCTION

Posture is usually measured and assessed by practitioners such as physical
therapists, occupational therapists, orthopedic surgeons, chiropractors, and other exercise
professionals. Typically, posture has been assessed using indirect (visual) observations;
meaning assessments are made by visually observing patients statically (i.e., when
motionless) or dynamically (i.e., in motion). The posture of the patients is often described
using qualitative thresholds of magnitude (e.g., mild, moderate, or severe), although these
thresholds are poorly defined and operationalized (1,2) . Because posture is meaningful
linked with pain/dysfunction longitudinally (2,3), physical therapists often use these
indirect assessments to help guide treatment.

The cost of back pain to the U.S. economy has been estimated at US $100-200
billion, due to medical expenses, productivity loss and absenteeism (4). In fact, living
with back pain is one of the leading causes of living with a disability in the United States
(5). Neck problems are also becoming more prevalent, with neck and/or back pain now
the second leading cause of disability in the United States (6). Shin et al. (7) reported that
people with more prominent forward head postures (FHP) tend to experience more neck
pain. Falla et al. (3) found that people with neck pain had more difficulty maintaining
their head on neck posture (with the magnitude of FHP increasing over time) after as
little as 10 minutes of playing video games relative to their asymptomatic peers. FHP has
also been meaningful linked with a more marked cervical lordosis and cervicogenic
headaches (8).

Reliability has important decision-making implications for physical therapists and



researchers for: (a) assessing an individual with a single measurement or repeated
measurements, (b) estimating the extent of individual responses to treatment, (c)
comparing the reliability of different tests/devices or measurers, and (d) sample size
estimation in experimental or longitudinal studies (11). Physical therapists currently use
spinal posture examinations including patient history and visual assessments in their
clinical practice before treatment is prescribed. Unfortunately, no data are available on
the reliability of indirect (visual) assessments of FHP. Furthermore, because the error in
postural measurement is due to both technical error (i.e., the error in the measurement
process) and biological (postural) error (i.e., the within-subject error), knowledge of the
magnitude of each error is critical to improving measurement precision. Potential
technical errors include landmarking, equipment, calibration or technique, and potential
biological errors include growth, physical activity, or diurnal variability. Unfortunately,
no information is available regarding the magnitude of technical and biological errors
associated with visual assessments of standing FHP. The aims of this study were to
quantify: (a) the reliability of indirect (visual) assessments of standing FHP, and (b) the

magnitude of the associated biological and technical errors.



CHAPTER 11
METHODS
Participants and Sampling

Fifty participants (18 females, 32 males; mean+SD: age, 27412 years; height,
174£11 cm; mass, 72+14 kg) and 10 registered physical therapists (mean£SD: age,
38+11 years; clinical experience, 16£12 years) were recruited by convenience. To be
eligible, participants had to be able to stand unsupported for 15 seconds on a raised
platform, and present asymptomatic for back and neck pain. The Human Research Ethics
Committee of the University of South Australia and the Institutional Review Board of the
University of North Dakota approved this study.

Procedures

Upon arrival, participants completed a demographic questionnaire and were then
measured for height (cm) and mass (kg) using a stadiometer and digital weighing scale,
respectively. They then changed into the appropriate undergarments, which included
form fitting briefs for men and form fitting briefs and sports bras for women, and were
scanned using a Vitus Smart 3D whole-body scanner (Human Solutions GmbH,
Kaiserslautern, Germany). Participants were scanned in their “normal” standing posture
using the procedures of Schranz et al (14), where they took a few steps in place and then
moved their head and shoulders around to find a comfortable standing position. Once the
scan was complete, the physical therapists entered the room one at a time to visually

assess the FHP of each participant. The physical therapists were allowed to move around



the participants and palpate as necessary, but they could not ask the participants to move
from their normal standing posture. FHP was assessed as the degree to which the head is
anteriorly/posteriorly positioned relative to ‘normal’, using a spectrum of postural
deviations ranging from normal, mild, moderate, to severe. While FHP was defined to the
physical therapists, the grading criteria were not. Two weeks later, and at the same time
of day, the physical therapists re-assessed the participants using the same procedure, with
participants randomly presented.

Movie (.avi) files of the 3D scan of each participant were generated and visually
assessed by the physical therapists one week later. The order of the movie files was
randomized with 15 randomly selected duplicate scans included to assess the intra-rater
reliability of indirect visual assessments of scanned people. The physical therapists were
aware that duplicate movie files were added, but were asked to assess the FHP of each
scan independently using the same grading criteria as described above.

Statistical Analyses

Both intra-rater (the same physical therapists rating the same participants on
separate occasions) and inter-rater (different physical therapists rating the same
participants on a single occasion) reliability of indirect (ordinal) assessments of real and
scanned people were quantified using Cohen’s Kappa (k). Kappa coefficients were
qualitatively interpreted using Landis and Koch (15) scale of magnitudes, where: <0.00
indicated poor agreement; 0.00—0.20 indicated slight agreement; 0.21-0.40 indicated fair
agreement; 0.41-0.60 indicated moderate agreement; 0.61-0.80 indicated substantial

agreement; and 0.81-1.00 indicated almost perfect agreement. Intra- and inter-rater



reliability were also examined visually by generating frequency distributions of absolute
intra- and inter-rater differences.

Assuming that the biological and technical errors were independent, and that
Kappa coefficients behave similarly to Pearson’s correlation coefficients, then the total
error was estimated as the unexplained error in repeated indirect assessments of real
people (i.e., 1 minus the intra-rater kappa k coefficient for real people) and technical
error as the unexplained error in repeated indirect assessments of scanned people (i.e., 1
minus the intra-rater kappa coefficient k for scanned people). Biological error (i.e., the
within-subject error free from technical error) was therefore estimated as the difference

between the total and technical errors.



CHAPTER III
RESULTS

Intra-and Inter-rater Reliability of Two Indirect (Visual) Assessments

The intra- and inter- rater reliability of indirect assessments of FHP in real people
was moderate (k [95% CI]: 0.45 [0.34, 0.56]) and slight (x [95% CI]: —0.02 [-0.09,
0.05]), respectively. Similarly, the intra- and inter- rater reliability of indirect assessments
of FHP in scanned people was moderate (k [95% CI]: 0.46 [0.39, 0.53]) and slight (k«
[95% CI]: 0.09 [0.06, 0.12]), respectively.

The most common intra-rater difference of indirect assessments (real and
scanned) of FHP was zero (i.e., the same visual assessment was given by the same
physical therapists for both the test and retest), with 98-99% within one point (Table 1).
The most common inter-rater difference of indirect assessments of FHP was one (i.e., a
1-point rating difference between the test measures of two physical therapists) in real
people and zero in scanned people, with 97-98% within one point (Table 1).

Table 1. Frequency Distribution of Intra- and Inter-rater Differences in Indirect
Assessments of FHP in Asymptomatic Adults.

|point difference| real vs. real scan vs. scan
Intra-rater 2 2 1
1 25 25
0 73 74
Inter-rater 2 3 2
1 52 41
0 45 57

Note: Intra- and inter-rater differences are expressed as absolute rating-point differences, with

frequencies represented as percentages.



Measurement Error Due to Biological and Technical Errors
Most of the error in standing FHP was due to technical error. The total error was
estimated as the unexplained error in repeated visual assessments of real people (- 1 —
0.45% = 0.80 or 80%); technical error as the unexplained error in repeated visual
assessments of scanned people (- 1 —0.46% = 0.79 or 79%); and biological error as the

difference between the total and technical errors (- 0.80 — 0.79 = 0.01 or 1%).



CHAPTER IV
DISCUSSION

This study examined the reliability of indirect assessments of standing FHP made
by physical therapists. The key findings were: (a) intra-rater reliability of indirect
assessments was moderate and better than inter-rater reliability; (b) inter-rater reliability
of indirect assessments was slight and no better than chance alone in the case of real
people; and (c) nearly all of the errors in indirect assessments was due to technical error.

Implications

These findings have several important implications for physical therapists and
researchers as indirect assessments of real people are regularly used to guide treatment
and diagnosis. Given that nearly all of the error in indirect FHP assessments was due to
technical error, efforts to improve measurement precision should therefore aim to reduce
technical errors in the visual assessment process. This may include (but is not restricted
to) the operationalization of measurement definitions and grading criteria, strict
adherence to measurement protocols, and extensive postural training for physical
therapists.

Comparisons with Other Studies

Reliability data on visual assessments of standing posture are scant. In a sample of
28 physical therapists, chiropractors, physiatrists, rheumatologists, and orthopedic
surgeons who assessed the cervical and lumbar lordosis of photographed participants

(with and without back pain), Fedorak et al. (12) reported the collective intra-rater



reliability (qualitatively interpreted using Landis and Koch’s [15 ] thresholds) as
moderate (k [(95% CI]: 0.50 [0.02, 0.98]) and the inter-rater reliability as slight (k [(95%
CI]: 0.16 [0.00, 0.48]). The intra- and inter-rater reliability of physical therapists (n=7)
was moderate (k [(95% CIJ: 0.49 [0.09, 0.89]) and fair (k [(95% CI]: 0.29 [0.00, 0.46]),
respectively (12). Similarly, using the same physical therapist and asymptomatic
participants sample as the present study, Larson (13) reported that the intra- and inter-
rater reliability of indirect assessments of lumbar lordosis by 10 physical therapists was
fair-to-moderate and slight, respectively. Larson (13) also estimated that most (~80%) of
the total intra-rater error in visual assessments of lumbar lordosis was due to technical
error, which is somewhat less than that observed in this study.
Strengths and Limitations

This is the first study to examine the reliability of visual assessments of standing
FHP made by physical therapists. The use of two different visual assessment types (visual
assessments of real and 3D body scanned people) allowed for both the biological and
technical errors associated with FHP to be estimated. This study also used a 2-week test-
retest measurement interval which reflects clinical practice reasonably well. However, the
study design (where people were tested and retested at the same time of day and on the
same day of the week) may not reflect clinical practice well and likely minimized diurnal
variation (i.e., biological error); meaning that the reliability estimates reported in this
study likely reflect a best-case scenario.

It 1s also important to remember that the results of this study reflect only
reliability estimates for FHP in asymptomatic adults and are not necessarily generalizable

to other postural aspects or symptomatic adults. The convenience sample strategy almost



certainly resulted in a sample unrepresentative of that typically observed by physical
therapists. The homogenous group of physical therapists (who were trained at a single
institution) may not have been representative of all physical therapists, and a more
heterogeneous group of physical therapists may have increased the variability in
reliability estimates.
Conclusion

This study reported that the intra- and inter-rater reliability of indirect assessments
of standing FHP was moderate and slight, respectively. These findings have important
decision-making implications when assessing single and change measurements in
individuals. The other key finding that nearly all of the error in indirect assessments was
due to technical error, highlights that efforts to improve measurement precision should

focus on minimizing technical error of measurement.
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