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ABSTRACT

Objective: To determine overall, test-retest and inter-rater reliability of posture indices
among persons with idiopathic scoliosis.

Design: A reliability study using two raters and two test sessions.

Setting: Primary care center.

Participants: Seventy participants aged from 10 to 20 years old with different types of
idiopathic scoliosis (Cobb angle: 15° to 60°) were recruited from the scoliosis clinics.
Interventions: Not applicable.

Main Outcome Measures: Based on the XY coordinates of natural reference points (cf:
eyes, etc.) as well as of markers placed on several anatomical landmarks, 32 angular and
linear posture indices taken from digital photographs in the standing position were
calculated from a specially developed software program. Generalizability theory served
to estimate the reliability and standard error of measurement (SEM) for the overall, test-
retest and inter-rater designs.

Results: When both factors (rater and test session) that could affect measurement
reliability were considered randomly, 26 out of 32 of the posture indices had a good
level of reliability (¢ > 0.79) and six had a moderate level of reliability (¢ from 0.51 to
0.72). The most reproducible indices were Waist Angles, Knee Valgus and Varus and
Trunk List. The least reliable were Tibio Calcaneus and Q Angles. The SEM values
ranged from 0.86° to 4.26° and 2.08 to 8.51mm.

Conclusions: This clinical posture assessment tool is reproducible among persons with
idiopathic scoliosis. It may serve to monitor treatment effectiveness or change in posture

over time in these persons.

Key words: posture assessment, reliability, idiopathic scoliosis, generalizability theory
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INTRODUCTION

Correction of posture is an important goal of physiotherapy interventions to
prevent scoliosis progression in persons with idiopathic scoliosis (IS). Posture is defined
as the alignment or orientation of body segments while maintaining an upright position
[1]. Posture asymmetries are associated with the risk of progression in IS[2-4], can affect
functional activities[5, 6] and limit participation in active life[7]. The Cobb Angle
remains the gold standard to monitor change in scoliosis over time and is calculated
from radiographs[8]. It gives information on vertebral alignment[9]. Physiotherapists
and physicians commonly assess posture based on qualitative assessment[10-13].
Effectiveness of physiotherapy interventions has been criticized[14] in persons with IS
and this may be due in part to the lack of adequate clinical quantitative measurement
tools to monitor change on posture over time. Although there are sophisticated 3D
posture analysis systems such as Optotrak, Vicon, Motion Analysis and surface
topography systems these systems are not accessible for most clinicians.

A promising technique to assess posture clinically in a global fashion may be the
calculation of body angles and distances on photographs[15-20]. This method is fast,
easy to do and accessible for most clinicians. Although, photograph acquisition has
demonstrated good intra-rater reliability for several posture indices in normal persons,
these results cannot be generalized to persons having pathological conditions[21]. Also,
current tools do not include posture indices representing all body segments or are not
specific enough to characterize scoliosis[22-26]. Our team has developed a software
based quantitative clinical posture assessment tool for the calculation of angles and
distances using digital photographs. This tool has good concurrent validity with
radiographs and a 3D surface topography system in persons with IS[27] but the

reliability of these indices has not yet been established.

The general objective of this research project was to assess the overall, test-retest
and inter-rater reliability of selected indices of a new quantitative clinical posture
assessment tool among persons with IS. The generalizability theory served as the
statistical technique to determine the sources of variance (Generalizability study), the

level of reliability and SEM expected for particular designs (Decision study)[28].
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Methods
Selection of posture indices of the tool

We conducted a literature review to select posture indices to be included for the
present global quantitative clinical assessment tool of posture. Forty-five indices taken
from direct measures or from photographs were first identified[15]. From these, thirty-
four indices (Appendix 1) were retained for the reliability study based on these criteria:
1) the clinical relevance and capacity to measure changes in posture in all body
segments (Tyson and Desouza[26] content validity study) and 2) the utility to
characterize IS such as trunk list[22-25], waist angles[29] and measurement of frontal

and sagittal spinal curves[30-32].

Participants

We recruited 70 participants (60 females and 10 males) from the scoliosis clinic
at the CHU Sainte-Justine in Montreal. Inclusion criteria were: ages 10 to 20 years old,
idiopathic scoliosis diagnosis with a frontal deformity between 15° and 60° (Cobb angle)
and pain-free at the time of evaluation. Mean age of participants was 15.7 £ 2.5 years
and average weight and height were 51.9 £ 9.3 Kg and 1.61 + 9.5 cm, respectively.
Twenty-six participants had a right thoracic scoliosis (mean of 37.9° + 11.4°), 22 a
double major scoliosis (means for each curve of 34.8° + 13.0°% 33.2° £11.2°), 16 a
thoraco-lumbar scoliosis (mean of 25.8° = 7.2°) and six a lumbar scoliosis (mean of
26.7° £13.3°). We excluded participants who had a leg length discrepancy greater than
1.5 centimetres as well as those who had had spine surgery. All participants and their
parents signed informed consent forms and the project was approved by the ethics

committee of CHU Sainte-Justine.

Procedure and instrumentation
Two trained physiotherapists evaluated participants at the LAVIANI laboratory
at CHU Sainte Justine and a quantitative posture evaluation software was used to

calculate posture indices. The software has a user-friendly graphical interface and it
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allows calculation of posture indices from a set of markers selected interactively on the
digital photographs (Figure 1). The training consisted of two practical sessions (one hour
duration) of palpation and marker placement on healthy persons (one female and one
male) to assert that both physiotherapists were in agreement for the understanding of the
method and procedure. Each physiotherapist completed palpation and marker placement
for the anatomical landmarks on two test sessions (Appendix 1). Forty-nine [49] round
adhesive 5 mm green markers were placed on the following anatomical landmarks
(chosen according to their reliability already showed in previous studies[19, 33]):
spinous process (C2, C4 and C7 to S1), right and left tragus, coracoid process, acromion,
inferior angle of scapulae, ASIS, PSIS, greater trochanter, knee inter-articular joint line,
midpole of patella, tibial tuberosity, internal femoral condyles, dome of talus, lateral and
medial malleolus (Figure 1). Palpation and marker placement lasted on average 15
minutes. To facilitate measurement of sagittal posture indices, 13 hemispheric 10 mm
reflective markers were added on C7, cervical apex, upper end, apex and lower end
vertebrae of thoracic and lumbar spine, right and left acromion, ASIS, and PSIS.
Anatomical reference points such as eyes, tip of the ears, upper end, lower end and

center of waist and mid-calf also served for angle calculation.

Digital photographs were taken with two Panasonic Lumix cameras (DMC-
FXO01, 6.3 mega pixels) fixed on bars within the laboratory and adjusted vertically to
capture the full height of participants. The cameras were placed at a distance of 1.59 m
for anterior and right lateral views and 1.73 m for posterior and left lateral views at a
height of 87.5 cm. Vertical and horizontal level adjustments of the cameras were made
for each set of photographs in each test session using a carpenter’s level. Placement and
instructions given to all subjects concerning the positioning for data collection were
standardized. To limit the variability associated with subject’s position, two reference
frames for feet placement (triangles of 30°) were drawn on the floor for frontal and
sagittal views[34, 35]. Subjects were asked to look straight ahead and stand in a
normally comfortable position[16-18, 20, 35]. Supplementary sagittal photographs were
taken with participants standing with flexed elbows if greater trochanter and ASIS were

not otherwise visible[17].

Data acquisition followed a specific sequence and lasted on average 20 to 25
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minutes (including marker placement). First, digital photographs of front and back views
were taken by the first rater (Trial 1). Subsequently, the subject was asked to walk
around and re-positioned to take a second set of photographs in these views (Trial 2).
Hemispheric markers were added onto anatomical landmarks (previously mentioned)
and the subject was placed in the lateral position for acquisition of right and left lateral
photographs (Trial 1). The person was asked again to move and re-positioned for the
second set of photographs in these lateral views (Trial 2). Markers were removed and
landmarks on skin were thoroughly cleaned before the second rater repeated the
procedure. After the first session, participants were asked to come back 60 minutes later
to repeat the assessment by the two raters (test-retest reliability). The physiotherapists
completed the test sessions in random order. To avoid any bias in the selection of a trial
and to obtain a better estimate of the raters’ true score, the mean of two trials per each

rater was used to determine the level of reliability[36].

Quantitative posture indices from digital photographs were calculated with the
custom software program which can be installed with its components on any computer.
This software uses interactive click-on markers with the computer mouse. The operator
selects a specific marker from the graphic interface and places it directly on the
corresponding marked anatomical landmark or anatomical reference point of a
participant’s photograph. The software automatically calculates and displays the angles
or distances when markers corresponding to the calculation of this index are selected
(Figure 1). For angle calculation, horizontal and vertical borders of the photograph
served as references and for distance calculation, a cube of 15 cm (constant distance
from the position of reference) was used as a calibration tool. Calculation of the 32
posture indices with the software program took about 20 minutes. Two indices (Thoracic
kyphosis and Lumbar lordosis) were dropped due to not having enough data to calculate
reliability. Appendix 1 describes the methods for angle and distance calculation. All
posture photos were digitized by the same trained operator. Thus, the reliabilities
evaluated in the present study are related to the consistency of marker placements and

posture from one rater or test session to the other.
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Data analysis

Descriptive statistics (mean, standard deviation — SD) are used to characterize
participants with scoliosis and the posture indices from the clinical posture assessment

tool.

Reliability of the posture indices was calculated according to the generalizability
theory, an extension of the intra-class correlation coefficient [28]. There are two
components of this type of analysis, the first being the generalizability study (G-study),
the second, the decision study (D-study). In the present research, a two-factor crossed
design was retained (factors were the test session and the rater). Accordingly, the G-
study computes the magnitude of the variances attributed to the persons (P), to the
systematic errors related to test sessions (S) and raters (R), and to random errors
associated with the interactions between raters and test sessions (RS), persons and test
sessions (PS) and persons and raters (PR). The residual error is the interaction between
all sources of variance and included error coming from unknown factors (PRS). In order
to facilitate the interpretation of the G-study results, the magnitude of each variance was
expressed as a percentage of the total variance. The D-study (decision) uses the
information of the G-study to determine the reliability of a particular protocol. To take
into account the systematic effect of rater and test session, the coefficients of
dependability (¢) were chosen. The reliability was calculated for D-studies involving
one rater on one test session for three designs: 1) with both factors random, 2) with the
factor rater fixed giving the test-retest reliability and 3) with the factor test session fixed
giving the inter-rater reliability (formulas for each design are presented in Appendix 2).
Like the intra-class coefficient (ICC), the dependability coefficient ranges between 0 and
1: 0 is absence of reliability and 1, perfect reliability. Interpretation of the coefficients is
as follows: values above 0.75 will be considered as good reliability, those between 0.50
and 0.75 as moderate and those under 0.5 as poor [37]. To assess the errors in terms of
the unit of measurement, the standard error of measurement (SEM), which is the square
root of the sum of all error variances components, was also computed [28]. We used the

GENOVA software program for these analyses[38].
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RESULTS

Table 1 describes the means and standard deviations (SD) for each rater on both
test sessions and the grand mean and SD for the two raters on both test sessions for all
posture indices. Thoracic Kyphosis and Lumbar Lordosis indices could not be measured
from the lateral views for most of the participants and thus were not included in the

reliability study.

Reliability study

G-Study : Sources of variance

For all posture indices, the inter-person variance (P) was the major source of
variance (51 to 99%). The variance component associated with rater (R) was low (0 to
5%), except for the Q and Tibio Calcaneus Angles (7 to 19%). Variance components for
test session (S) and interaction between raters and test sessions (RS) were less than
1.2%. The variance of the interaction between persons and test sessions (PS) was 0 to
8% while interactions between persons and raters (PR) determined variance magnitude
between 0 to 12%. The interaction between persons, raters and test sessions (PRS)
varied from 1 to 28% with higher values for the Frontal Thoracic Angle (23%), the
Frontal Pelvic tilt (16%-17%), the Q Angle (17%-18%) and the Tibio Calcaneus Angle
(21%-28%).

D-Study

The dependability coefficients (¢) and SEMs for posture indices are presented in
table 2. In the random design, 26 out of 32 posture indices have a good level of
reliability (¢ > 0.79) and six out of 32 have a moderate level of reliability (¢ from 0.51 to
0.72). The most reproducible indices in this design were Waist Angles (L and R; ¢ =
0.98), Trunk List (¢ = 0.95) and Knee Valgus and Varus (¢ = 0.99 and 0.95,
respectively). The least reliable were Tibio Calcaneus Angles (L and R; ¢ = 0.51 and
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0.53), Q Angles (L and R; ¢ = 0.64 and 0.63, respectively) and the Frontal Lumbar
Angle (¢ = 0.67) (see Table 2).

In the test-retest design, all posture indices, except for the Right Tibio Calcaneus
Angle (¢ = 0.73), have good reliability (¢ > 0.77). In the inter-rater design, 29 posture
indices out of 32 have good reliability (¢ > 0.78) and three posture indices have

moderate level of reliability (¢ from 0.67 to 0.72).

In the random design, the SEM values ranged from 0.86° to 4.26° for angular
measurements and from 2.08 to 8.5Imm for the linear one. As expected, the ranges were
smaller for the test-retest and inter-rater designs with values from 0.45° to 2.95° and 1.20
to 5.77mm (Table 2). The higher angular SEMs were associated with Cervical Lordosis,
Scoliosis 1 and Scoliosis 2 index. For linear index, the Shoulder Protraction has the

highest SEM value.

DISCUSSION

The general objective of this study was to assess the reliability of a quantitative
clinical posture assessment tool among persons with idiopathic scoliosis. Using the G-
study results of generalizability theory, the overall, test-retest and inter-rater reliabilities
were computed for D studies involving one rater on one test session because it is more

adapted to the real clinical context.

Reliability was good or moderate for all posture indices irrespective of D-study
designs. Nevertheless, the dependability coefficients for the random design were lower
and SEMs were higher than those of test-retest and inter-rater designs. Using the
formula provided in the appendix 2, one can observe that the random design takes into
account all possible sources of error in the denominator whereas, in other designs, the
variance attributable to the fixed factor (R or S) is eliminated in the denominator.
Moreover, the interaction between the fixed factor and the inter-person variance (PR or

PS) is included in the numerator. These two mathematical manipulations contribute to
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the increase of the dependability coefficient for the test-retest and inter-rater designs[28,

36, 39, 40].

Generally, it is reported that inter-rater reliability is lower than the test-retest
reliability for posture indices[18, 41, 42]. In our study, dependability coefficients and
SEMs were similar for both test-retest and inter-rater reliability for several posture
indices, possibly attributable to the consistency of marker placement between raters and
between test sessions as well as to the stability of posture across trials[21, 40, 43].
Results from the G-Study corroborate this finding by the absence of any systematic
effect due to test sessions (S) and raters (R - see Figure 2A) for most of the indices and
low level of interaction associated with the two factors (PR, PS and SR < 4%)[40, 43].
Figure 2A is an example of well distributed values of an index (Trunk list) around the
identity line (line with a 45° slope) where each point represents the average of the two
test sessions for each rater. The closer the points are to the identity line, the greater is the
agreement between raters. For this index, the absence of error attributable to raters and
test sessions (variance R and S = 0%) means that reported SEM values come from
participants and may be caused by oscillations which are higher in persons with 1S[44,

45].

Lower coefficients found for Q Angles and Tibio calcaneus Angles were caused
in part by a systematic effect at the rater level. As illustrated in figure 2B for the right Q
angle, values computed for rater 2 are higher than those of rater 1.The same effect was
observed for the left Q angle. Thus, it is suspected that rater 2 placed the tibial tuberosity
marker more laterally than rater 1. For the Tibio Calcaneus Angles, the systematic effect
for rater was not consistent between sides. Nevertheless, we had good test-retest
reliability for both measures, in line with results in the literature[19, 41]. We suggest the
use of the Frontal Knee Angle instead of the Q Angle, because the former demonstrated
good reliability in the random design and is also used to assess frontal lower limb
alignment. The planned development of a graphic interface with automatic marker

placement might help to decrease these errors.
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Some studies have reported the reliability of posture indices taken from
photographs[17-19, 35, 46-48]. The ICCs for intra-rater reliability (intra-day and test-
retest) varied from 0.71 to 0.99 when measurements were done between body
segments[17, 35, 48] and varied from 0.13 to 0.69 if measurements were obtained from
a vertical reference line[47]. Our test-retest reliability results are in agreement with
studies using measurements among body segments for posture indices representing head
and shoulder, trunk, pelvis and lower limb body segments. For most of our participants,
it was not possible to measure thoracic and lumbar sagittal angles from hemispheric
markers because of their morphological modifications associated with scoliosis. In
contrast with Dunk et al[46, 47], in our study, test-retest reliability for Cervical Lordosis
and frontal spinal angles was good to near perfect. In the Dunk et al.[47] study, angle
measurements were calculated as deviation from the vertical reference line whereas
relative measurements between body segments were used in ours. The lower
repeatability of their measurement technique may be due to body sway in the sagittal
and lateral planes. Possibly, a change in ankle joint angle due to body sway may modify
spine position[44, 49]. With respect to inter-rater reliability, our SEM results are
comparable to those described by Normand et al.[18] on healthy persons. They reported
SEM values ranging from 0.50 to 1.5° and from 1.7 to 2.7mm for head, thorax and pelvis
indices. However, when the rater and test session factors were both random, our
coefficients were higher (¢ : 0.72 to 0.95) than those of Normand et al.[18] (ICC,; : 0.56
to 0.72). Because the SEM values are in same order for the two studies, the higher
coefficients in our research may be related to the greater inter-person variability which is
expected with the different types and levels of severity of scoliosis included in this

project.

This study is the first to report reliability for posture indices characterizing
scoliosis from digital photographs (Waist Angles, Trunk list, Scoliosis 1 and 2, Frontal
Thoracic and Lumbar Angles). The Frontal Lumbar Angle was less reproducible than
the others. This index is calculated from two lumbar markers on the lower part of the
curve. This part of the spine may be more affected by body sway and pelvic frontal
asymmetry than the upper part[50, 51]. The SEM values obtained in our study for

scoliosis angles and trunk list are similar to those found respectively by Cheung et
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al.[52] from radiographs and McLean et al.[23] from a plumb line. In a previous study,
we found a good relationship between Waist angles, Trunk list and Scoliosis 1 indices of
this tool and measurements obtained from a 3D surface topography system and X-
rays[27]. The good reliability and validity of these clinical indices taken from
photographs may sustain their use for scoliosis screening, for the reduction of
radiographs for the monitoring of scoliosis progression and for documenting cosmetic
changes after conservative or surgical treatment. However, future studies will tell if the
SEM values reported in this project are sensitive enough to detect scoliosis progression

or treatment effectiveness.

As mentioned above, generalizability theory serves to identify sources of error in
measurements. The residual or unknown error may include such factors as the
temperature in the room and error due to the digitization process of photographs. Some
of the evaluations took place during winter and on some particularly cold days, the
temperature in the room was cool which may have caused more variability in
participant’s posture due to shivering. The error attributed to digitization process is
presently unknown and should be investigated in the future. In the present study, to

reduce possible errors, the same trained operator performed all measurements.

Clinical Applications

The quantitative clinical posture assessment tool proposed in this study has been
developed to assess global posture among persons with IS who often present posture
asymmetries in several body segments. We have selected from the medical literature 34
posture indices (and 32 were verified as reliable) as they represent the different body
segments and characterise scoliosis. We acknowledge that this is a large number of
indices to be measured in a clinical setting. The clinician can select various indices to
assess global posture rather than do them all because some indices give duplicate
information. For example, Frontal eyes obliquity and Head Lateral Bending or Frontal
Knee Angle and Q Angle or back and front Pelvic lateral tilt were used in different
studies to measure the same body segment alignment [18, 19, 44, 48, 53]. Based on our

reliability study, the clinician can select either Frontal eyes obliquity or Head Lateral
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Bending to assess the frontal head alignment. For the assessment of sagittal head
alignment, right or left Gaze Angle or right or left Head Protraction can be selected to
assess respectively Head tilt or Head protraction. It is preferable to use Frontal Knee
Angle and back Pelvic lateral tilt to assess respectively frontal leg alignment and frontal
pelvic obliquity especially if different evaluators perform the assessments. From this
tool, 24 posture indices can be selected for a complete evaluation of posture (see Table
2, indices in bold). Also, based on clinical judgement, the clinician can select, from these
indices, the most appropriate ones for a particular person or goal. For example, if indices
are used for the follow-up of a person with IS, indices such as Trunk list, Waist angles
and Scoliosis angles might be sufficient to determine change in the person’s condition
whereas a more complete posture assessment may include indices representing all
affected body segments to indicate changes attributable to treatment effectiveness.

SEM values are more useful than reliability coefficients for the clinician in terms
of decision making since they describe the error in the same unit of measurement and
serve to calculate the smallest detectable difference between two measurements [21].
For example, in the random design, SEM values were 4.3° for the Scoliosis 2 angle and
1.0° for Frontal eyes obliquity. According to Roebroeck et al. [21], the 95% confident
interval smallest detectable difference (+1.96 x SEM x 2) expected between two
sessions would be £11.9° and +2.8° respectively. These values indicate that change in
measurement have to be greater than these threshold values to document real change in
these PI if different raters perform the evaluation.

The tool that we have developed should be easy to use in a clinical setting as the
material (digital cameras and software) is accessible, the training time for
physiotherapists is minimal (two hours were allocated in our study for marker
placement), the graphical interface of the software is user-friendly and the time required
to complete an evaluation is about 30 minutes for a complete evaluation. The low
variance attributable to test sessions and raters found for the majority of indices in our
study (< 5%) suggests that a training of only a few hours (like in this study) may be
enough to ensure agreement between physiotherapists for marker placement. In our
study, the mean of two trials was used to assess the level of reliability but in practice,

one trial could be used (which would save time) since trials had no effect on the test-
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retest and inter-rater reliability [54-58]. Photograph acquisition is fast and calculation of
posture indices can be delayed until later, which is useful for assessing persons with pain
or balance disorders, who would not be able to tolerate long evaluations in standing.

Future studies will be needed to verify the use of this tool in these populations.

Conclusion

Our results show that it is possible to assess posture in a global fashion from
photographs in persons with IS. The generalizability theory demonstrates that our results
can be generalized to the “universe” of raters and test sessions. This posture evaluation
tool is reproducible and should be easy to administer in a clinical setting. This new tool
will improve physiotherapy practice by facilitating the analysis of posture abnormalities.
It may serve to monitor treatment effectiveness or change in posture over time and to
characterize posture asymmetries associated with different types of scoliosis

(classification). This will need to be verified in future longitudinal studies.



122

References

[1] Raine S, Twomey L. Attributes and qualities of human posture and their
relationship to  dysfunction or musculoskeletal pain. Crit Rev Phys and Rehabil Med
1994;6(4):409-37.

[2] Burwell R.G., Cole A.A., Cook T.A., Grivas T.B., Kiel A.-W., Moulton A., et al.
Pathogenesis of idiopathic scoliosis: the Nottingham concept. Acta Orthop Belg
1992;58(Suppl. 1):33-58.

[3] Reuber M, Schultz A, McNeil T, Spencer D. Trunk muscle myoelectric activities
in idiopathic scoliosis. Spine 1983;8(5):447-56.

[4] Veldhuizen AG, Wever DJ, Webb PJ. The aetiology of idiopathic scoliosis:
biomechanical and neuromuscular factors. Eur Spine J 2000;9:178-84.

[5] Chow DH, Ng XH, Holmes AD, Cheng JC, Yao FY, Wong MS. The effect of
backpack weight on the standing posture and balance of schoolgirls with adolescent
idiopathic scoliosis and normal controls. Gait Posture 2006;24:173-81.

[6] Mahaudens P, Thonnard J-L, Detrembleur C. Influence of structural pelvic
disorders during standing and walking in adolescent with idiopathic scoliosis. Spine J
2005;5:427-33.

[7] Danielsson AJ, Wiklund I, Pehrsson K, Nachemson A.L. Health-related quality
of life in patients with adolescent idiopathic scoliosis: a matched follow-up at least 20
years after treatment with brace or surgery. Eur Spine J 2001;10: 278-288.

[8] Cobb JR. Outline for the study of scoliosis. In American Academy of
Orthopaedic Surgeons: instructional course, vol 5, Ann Arbor, MI: JW Edwards.
1948;261-75.

[9] Goldberg CJ, Kaliszer M, Moore DP, Fogarty EE, Dowling FE. Surface
topography, Cobb angles, and cosmetic change in scoliosis. Spine 2001;26(4): E55-E63.

[10] Bryan JM, Mosner E SR, Stull MA. Investigation of the validity of postural
evaluation skills in assessing lumbar lordosis using photographs of clothed subjects. J
Orthop Sports Phys Ther 1990;2(1):24-9.

[11] Fedorak C, Ashworth N, Marshall J, Paull H. Reliability of the visual assessment
of cervical and lumbar lordosis: how goog are we? Spine 2003;28(16):1857-9.



123

[12] Tunnell PW. Postural evaluation of the muscular system through visual
inspection. J] Bodyw Mov Ther 1996;October: 21-27.

[13] Kendall Peterson F, McCreary Kendall E, Provance Geise P, McIntyre Rodgers,
Romani WA. Muscles: Testing and Function, with posture and pain. 5th ed. Baltimore,
MD: Lippincott Williams & Wilkins; 2005.

[14] Negrini S, Antonini G, Carabalona R, Minozzi S. Physical exercices as a
treatment for adolescent idiopathic scoliosis. A systematic Review. Pediatric Rehabil
2003;6(3-4):227-35.

[15] Fortin C, Feldman DE, Cheriet F, Gravel D, Gauthier F, H. L. Développement et
validation d’un outil clinique pour l’analyse quantitative de la posture : Résultats
préliminaires

Actes de colloque REPAR; 2008.

[16] Lafond D, Descarreaux M, Normand MC, Harrison DE. Postural development in
school children : a cross-sectional study. Chiropr Osteopat 2007;15:1.

[17] McEvoy MP, Grimmer K. Reliability of upright posture measurements in
primary school children. BMC Musculoskelet Disord 2005;6:35.

[18] Normand MC, Descarreaux M, Harrison DD, Harrison DE, Perron DL,
Ferrantelli JR, et al. Three dimensional evaluation of posture in standing with the
PosturePrint: an intra- and inter-examiner reliability study. Chiropr Osteopat
2007;15:15.

[19] Raine SA. Variations of a series of physical characteristics related to the
comfortable erect standing posture and how these are affected by age, gender, back pain
and physical activity (dissertation). Perth (Western Australia); Curtin University of
Technology. 1995.

[20]  Smith A, O'Sullivan P, Straker L. Classification of sagittal thoraco-lumbo-pelvic
alignment of the adolescent spine in standing and its relationship to low back pain. Spine
2008;33(19):2101-7.

[21] Roebroeck ME, Hariaar J, Lankhorst GJ. The application of generalizability
theory to reliability assessment: an illustration using isometric force measurements. Phys

Ther 1993;73(6, june):386-95.



124

[22] Gilian MG, Ross JC, McLean IP, Porter RW. The natural history of trunk list, its
associated disability and the influence of McKenzie management. Eur Spine J
1998;7(6):480-3.

[23] McLean IP, Gillan MGC, Ross JC, Aspden RM, Porter RW. A comparison of
methods for measuring trunk list. Asimple plumbline is the best. Spine
1996;21(14):1667-70.

[24] Negrini S, Negrini A, Atanasio S, Carabalona R, Grosso C, Satambrogio GC, et
al. Postural variability of clinical parameters evaluated in orthostatic position in
idiopathic scoliosis. Eur Med Phys 2001;37(3):135-42.

[25] Peterson L-E, Nachemson AL. Prediction of progression of the curve in girls
who have adolescent idiopathic scoliosis of moderate severity. J Bone Joint Surg Am
1995;77-A(6, june):823-27.

[26] Tyson SF, DeSouza LH. A clinical model for the assessment of posture and
balance in people with stroke. Disabil Rehabil 2003;25(3):120-6.

[27] Fortin C, Feldman DE, Cheriet F, Labelle H. Validity of a quantitative clinical
measurement tool of trunk posture in idiopathic scoliosis Spine 2009;in press.

[28] Shavelson RJ, Webb NM, editors. Generalizability Theory A primer. Beverly
Hills,1991.

[29] Guillaumat M., Lebard J.P., Khouri N., Tassin J.L. Scoliose idiopathique en
période de croissance. Editions techniques- Encycl Méd Chir (Paris-France), Appareil
locomoteur 1991;15874 A10:18p.

[30] Nissinen M, Helidvaara M, Seitsamo J, Poussa M. Trunk asymmetry, posture,
growth, and risk of scoliosis. A three-year follow-up of finnish prepubertal school
children. Spine 1993;18(1):8-13.

[31] Nissinen MJ, Heliovaara MM, Seitsamo JT, Kénénen MH, Hurmerinta KA,
Poussa MS. Development of trunk asymmetry in a cohort of children ages 11 to 22
years. Spine. 2000;25(5):570-4.

[32] Theologis TN, Fairbank JCT, Turner-Smith AR, Pantazopoulos T. Early
detection of progression in adolescent idiopathic scoliosis by measurement of changes in
back shape with the integrated shape imaging system scanner. Spine 1997;22(11):1223-
8.



125

[33] Warren JG, Bettany-Saltikov J, van Schaik P, Papastefanou S. Evidence-Based
postural assessment for use in therapy and rehabilitation. Int J Therapy Rehab
2005;12(12, December):527-32.

[34] Souchard PE, Ollier M, editors. Les scolioses. Paris: Editions Masson; 2002.

[35] Watson AWS, Mac Donncha C. A reliable technique for the assessment of
posture: assessment criteria for aspects of posture. J Sports Med Phys Fitness
2000;40:260-70.

[36] Crocker L, Algina J. Introduction to classical and modern test theory. Wadsworth
Group, Thomson Learning, Belmont, CA; 1986.

[37] Portney LG, Watkins MP, editors. Foundations of Clinical Research;
Applications to Practice. Second edition, Julie Alexander, Upper Saddle River; 2000.
[38] Crick J, Brennan R, editors. Manual for genova: A generalized analysis of
variance system (Version 2.1). lowa City;1983.

[39] Shrout PE, Fleiss JL. Intraclass correlations: Uses in assessing rater reliability.
Psychol Bull 1979;86:420-8.

[40] Piotte F, Gravel D, Nadeau S, Hélene Moffet, Caroline Bédard. Reliability of
arthrometric measurement of shoulder lateral rotation movement in healthy subjects.
Physiother Theory Pract 2007;23(3):169-78.

[41] Haight HJ, Dahm DL, Smith J, Krause DA. Measuring standing hindfoot
alignment: reliability of goniometric and visual measurements. Arch Phys Med Rehabil
2005;86(March):571-5.

[42] Jonson SR, Gross MT. Intraexaminer reliability, interexaminer reliability, and
mean values for nine lower extremity skeletal measures in healthy naval midshipmen. J
Orthop Sports Phys Ther 1997;25(4, April ):253-63.

[43] Hayes KW. Commentaries. The application of generalizability theory to
reliability assessment: an illustration using isometric force measurements. Phys Ther
1993;73(6):396-7.

[44] Nault M-L, Allard P, Hinse S, Leblanc R, Caron O, Labelle H, et al. Relations
between standing stability and body posture parameters in adolescent idiopathic

scoliosis. Spine 2002;27(17):1911-7.



126

[45] Zabjek KF, Leroux MA, Coillard C, Rivard CH, Prince F. Evaluation of
segmental postural characteristics during quiet standing in control and idiopathic
scoliosis patients. Clin Biomech 2005;20:483-90.

[46] Dunk NM, Lalonde J, Callaghan JP. Implications for the use of postural analysis
as a clinical diagnostic tool : Reliability of quantifying upright standing spinal postures
from photographic images. J Manipulative Physiol Ther 2005;28(6, July/august):386-92.
[47] Dunk NM, Chung YY, Sullivan Compton S, Callaghan JP. The reliability of
quantifying upright standing postures as a baseline diagnostic clinical tool. J
Manipulative Physiol Ther 2004;27(2, February):91-6.

[48] Raine S, Twomey LT. Head and shoulder posture variations in 160 asymptomatic
women and men. Arch Phys Med Rehabil 1997;78(November):1215-23.

[49] Lefrancois L. Répercussion de la position neutre de [Darticulation sous-
astragalienne  sur le rachis. Bulletin  Rééducation  Posturale  Globale
1997;59(septembre):8-11.

[50] Gauchard GC, Lascombes P, Kuhnast M, PP. P. Influence of different types of
progressive idiopathic scoliosis on static and dynamic postural control. Spine
2001;26(9):1052-8.

[51] Al-Eisa E, Egan D, Deluzio K, Wassersug R. Effects of pelvic asymmetry and
low back pain on trunk kinematics during sitting: A comparison with standing. Spine
2006;31(5):E135-E43.

[52] Cheung J, Wever DJ, Veldhuizen AG, Klein JP, Verdonck B, Nijlunsing R, et al.
The reliability of quantitative analysis on digital images of the scoliotic spine. Eur Spine
J2002;11:535-42.

[53] Gross MT, Burns CB, Chapman SW, Hudson CJ, Curtis HS, Lehman J, et al.
Reliability and validity of rigid lift and pelvic leveling device method in assessing
functional leg length inequality. J Orthop Sports Phys Ther 1998;27(4):285-94.

[54] Fortin C, Nadeau S, Labelle H. Inter-trial and test-retest reliability of kinematic
and kinetic gait parameters among subjects with adolescent idiopathic scoliosis. Eur

Spine J 2008; 17(2):204-16.



127

[55] van Niekerk SM, Louw Q, Vaughan C, Grimmer-Somers K, Schreve K.
Photographic measurement of upper-body sitting posture of high school students: A
reliability and validity study. BMC Musculoskelet Disord 2008;9:113.

[56] Bertrand AM, Mercier C, Bourbonnais D, Desrosiers J, Gravel D. Reliability of
maximal static strength measurements of the arms in subjects with hemiparesis. Clin
Rehabil 2007;21:248-57.

[57] Fournier K, Bravo G, Arsenault J, Gravel D. Reliability and validity of pinch and
thumb strength measurements in de Quervain's disease. ] Hand Ther 2006;19:2-11.

[58] Gagnon D, Nadeau S, Gravel D, Robert J, Bélanger D, Hilsenrath M. Reliability
and validity of static knee strength measurements obtained with a chair-fixed
dynamometer in subjects with hip or knee arthroplasty. Arch Phys Med Rehabil
2005;86(October):1998-2008.



128

Figure legends

Figure 1

Graphical interface with a reduced set of markers of the quantitative clinical posture
assessment tool at the left and, back, anterior and lateral views of a participant
demonstrating marker and anatomical reference point localization and posture indices
calculation for 23 out of 32 posture indices at the right: 1) Frontal Eyes Obliquity; 2)
Head Lateral Bending; 4) Gaze Angle L; 6) Head Protraction L; 7) Cervical lordosis; 8)
Shoulder Elevation; 10) Shoulder Protraction L; 11) Scapula Asymmetry; 12) Waist
Angle R; 13) Waist Angle L; 14) Trunk List; 15) Scoliosis 1; 16) Frontal Thoracic
Angle; 20) Lumbar Lordosis; 21) Frontal Pelvic tilt (front); 22) Frontal Pelvic tilt (back);
24) Sagittal Pelvic tilt L; 25) Frontal Knee Angle R; 26) Frontal Knee Angle L; 30)
Knee Valgus; 32) Sagittal Knee Angle L; 33) Tibio Calcaneus Angle R; 34) Tibio
Calcaneus Angle L (see Appendix 1 for the description of all indices). Note that the
Lumbar Lordosis could be measured in this participant but not the Thoracic Kyphosis.

These two indices were dropped due to not having enough data to determine reliability.

Figure 2

A) This graph shows no systematic effect between raters for the posture index Trunk list
because values are uniformly distributed around the identity line (Line with a 45°
slope). Each point represents the average of the two test sessions for each rater.

B) This graph shows a systematic effect between raters for the posture index Q Angle:

Rater 2 results were systematically higher than those of Rater 1.
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APPENDIX 1

Posture indices of the tool and methods of angle and distance calculation

Body segment

Posture indices

Body angle calculation

Head and neck

Shoulders and scapula

Thoracic

[98)

9]

8.

11.

12

13.

14.

15.

16.

17.

. Frontal eyes obliquity

. Head Lateral Bending

. Gaze Angle R
. Gaze Angle L

. Head protraction R
. Head Protraction L

. Cervical lordosis

Shoulder Elevation

Shoulder Protraction R
. Shoulder Protraction L
Scapula Asymmetry

. Waist Angle R
Waist Angle L

Trunk List

Scoliosis 1

Frontal Thoracic Angle

Kyphosis

The angle formed by a line drawn between the left
and right eye, and the angle of this line to the
horizontal.

The angle formed by a line drawn between the
inferior tip of the left and right ear, and the angle of
this line to the horizontal.

The angle formed by a line drawn from the canthus
of the eye and tragus of the ear and a horizontal line
through the tragus.

The angle formed by a line drawn between the
tragus of the ear and C7 and a horizontal line
through C7.

The angle formed by lines drawn through C2 and
C4, and through C4 and C7.

The angle formed by a line drawn between the left
and right coracoid process markers, and the angle
of this line to the horizontal.

The distance from C7 to the acromion

The angle formed by a line drawn from the left and
right inferior angle of scapula and the horizontal.

The angle formed by lines drawn through the upper
end of waist to the center of waist and the center of
waist through the lower end of waist.

Distance between a line from C7 to S1.

The angle formed by lines drawn through the upper
end-vertebra of the curve to the apex of the thoracic
scoliosis and the apex through the lower end-
vertebra of the curve.

The angle formed by a line drawn from the upper
end-vertebra of the curve to the apex of the thoracic
scoliosis and the vertical line passing through the
apex.

The angle formed by lines drawn through the upper
end-vertebra of the curve to the apex of the
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Lumbar

Pelvis

Knee

Foot

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.
28.

29.
30.

31.
32.

33.
34.

Scoliosis 2

Frontal Lumbar Angle

Lordosis

Frontal Pelvic tilt (front)
Frontal Pelvic tilt (back)
Sagittal Pelvic tilt R

Sagittal Pelvic tilt L

Frontal Knee Angle R
Frontal Knee Angle L

Q Angle R
Q Angle L

Knee Varus
Knee Valgus

Sagittal Knee Angle R
Sagittal Knee Angle L

Tibio Calcaneus Angle R
Tibio Calcaneus Angle L

kyphosis and the apex through the lower end-
vertebra of the curve.

The angle formed by lines drawn through the upper
end-vertebra of the curve to the apex of the thoraco-
lumbar or lumbar scoliosis and the apex through the
lower end-vertebra of the curve.

The angle formed by a line drawn from the apex of
the curve to the lower end-vertebra of the thoraco-
lumbar or lumbar scoliosis and the vertical line
passing through the apex.

The angle formed by lines drawn through the upper
end-vertebra of the curve to the apex of the lordosis
and the apex through L5.

The angle formed by the horizontal and by the line
joining the two ASIS.

The angle formed by the horizontal and by the line
joining the two PSIS.

The angle formed by the horizontal and by the line
joining the PSIS and ASIS.

The angle of intersection from a line drawn
between the ASIS and the midpole of the patella,
and a second line drawn between midpole of the
patella and talus.

The angle formed from a line drawn between the
ASIS and the midpole of the patella, and a second
line drawn between the midpole of the patella and
the tibial tuberosity.

Varus: distance between internal femoral condyles.
Valgus: distance between internal malleolus.

The angle formed from a line drawn between the
great trochanter and the axis of rotation of the knee
(aligned with the lateral joint line) and a line
between this axis and external malleolus.

The angle formed from a line drawn between the
center of the calcaneus and the Achilles tendon and
a second line drawn from the Achilles tendon and
the mid calf.

Legend: The numbers in the middle column correspond to numbers in Figure 1.
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APPENDIX 2

Dependability coefficient (¢) and standard error of measurement (SEM) for

random design

2
0= o

2 2 2 2 2 2 2

0% T 0% 1+ 075+ 6%y + 0%pg + Opg T O%ppg
np Ng np Ng  Nghg  Tplg
Absolute error variance
2 2 2 2 2 2
6%, t 0%t 06, Tt 0% T 01+ O
R S PR PS RS PRS
SEM =

ng ng np Ng DNy Npng

Dependability coefficient (¢s) and standard error of measurement (SEMs) for test-

retest design (with rater fixed)

2
- G pr
0= Py
<=
2 2 2 2 2 2
0% + 0% T 0°%g + 0%pg T Opg T O%ppg
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Dependability coefficient (¢r) and standard error of measurement (SEMg) for

inter-rater design (with test session fixed)

2
2 4 O%ps
o
o = P ng
R
2 2
0°p T 0%pg T 0" T Gpg T O°gg T O7pgg
ng Ny ngy nghy  Nphg
N J
Absolute error variance
2 2 2 2
SEM, = O°g T 0%rt O%Rs T O prs
Ny Ny Npllg  TRlg
Where:

o’p = inter-persons variance
2 _ .
G6°r = Variance component for raters

2 . .
G°s = Variance component for test sessions

2 . . .
o~ pr = Variance component for interaction between persons and raters
2 . . . .
0 ps = Variance component for interaction between persons and test sessions

2 . . . .
0~ rs = Variance component for interaction between raters and test sessions

2 . . . .
6~ prs = Residual error or variance component for interaction between persons, raters and

test sessions

In this study, all coefficients were computed with ng and ng =1.
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Table 1. Means and standard deviations (SD) for each rater on both test sessions and the

grand mean (R1 + R2) and SD for the two raters on both test sessions for each posture

index.

Posture Indices Rater 1 Rater 2 Rater 1 + Rater 2
N) Mean (SD) Mean (SD) Mean (SD)
(° or mm*) (° or mm*) (° or mm*)
Frontal eyes obliquity (70) 0.4 (3.0) 0.3 (3.0) 0.4 (2.9)
Head Lateral Bending (70) 0.3(2.9) 0.2 (2.8) 0.3 (2.8)
Gaze Angle R (64) 5.8(5.2) 6.5 (5.1) 6.2 (5.1)
Gaze Angle L (64) 5.9 (5.6) 59.7) 59 (5.5)
Head protraction R (50) 52.9(5.2) 52.6 (5.1) 52.8(5.1)
Head Protraction L (56) 126.9 (4.4) 127.1(4.2) 127.0 (4.3)
Cervical lordosis (59) 162.9 (8.5) 161.5 (8.8) 162.2 (8.3)
Shoulder elevation (69) -2.1(3.8) -2.0(3.6) -2.0(3.7)
Shoulder Protraction R (33) 64.4 (18.7)* 60.4 (18.8)* 62.4 (18.2)*
Shoulder Protraction L (50) 60.2 (18.1)* 64.1 (18.1)* 63.9 (17.7)*
Scapula Asymmetry (69) -4.9 (7.1) -5.5(6.7) -5.2 (6.8)
Waist Angle R (69) 152.9 (9.8) 152.7 (9.9) 152.8 (9.9)
Waist Angle L (69) 154.9 (9.8) 155.1 (9.8) 155.0 (9.8)
Trunk List (69) 8.2 (19.4)* 8.7 (19.8)* 8.4 (19.5)*
Scoliosis 1 (60) 192.7 (14.3) 189.7 (12.3) 191.2 (13.2)
Frontal Thoracic Angle (57) 9.7 (5.0) 8.7 (4.6) 9.2 (4.8)
Scoliosis 2 (52) 185.6 (10.1) 185.8 (10.0) 185.7 (9.8)
Frontal Lumbar Angle (50) 7.4 (4.9) 6.9 (4.1) 7.1 (4.2)
Frontal Pelvic tilt (front) (70) -1.6 (2.0) -1.0(1.9) -1.3(1.9)
Frontal Pelvic tilt (back) (69) -1.8 (3.4) -2.1 (3.3) -1.9(3.2)
Sagittal Pelvic tilt R (55) 12.1 (5.5) 12.2 (5.7) 12.1 (5.5)
Sagittal Pelvic tilt L (61) 11.2 (4.8) 10.5 (4.9) 10.9 (4.8)
Frontal Knee Angle R (69) -5.3(3.0) -4.6 (3.1) -4.9 (3.0)
Frontal Knee Angle L (69) -4.1(3.2) -4.2 (3.0) -4.1 (3.1)
Q Angle R (69) -11.8 (4.6) -8.4 (5.3) -10.1 (4.8)
Q Angle L (69) -12.3 (5.0) -10.0 (5.1) -11.2 (4.8)
Knee Varus (32) 12.9 (9.5)* 12.7 (9.4)* 12.8 (9.4)
Knee Valgus (58) 26.8 (24.9)* 26.5 (24.6)* 26.6 (24.7)*
Sagittal Knee Angle R (69) 1.7 (5.3) 1.3 (4.9) 1.5(5.0)
Sagittal Knee Angle L (67) 0.6 (5.3) 0.2 (4.8) 0.4 (5.0)
Tibio Calcaneum Angle R (66) 7.3(2.9) 5.1(3.0) 6.2 (2.9)
Tibio Calcaneum Angle L (65) 5.9 (3.3) 7.3 (2.9) 6.6 (2.9)

Legend: *data in mm
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Table 2. Reliability: Dependability coefficients (¢) and standard error of measurement

(SEMs) for the posture indices for Random design, Test-retest design (Rater fixed) and

Inter-rater design (Test session fixed)

Posture Indices

Reliability

Random Factors

Test-retest

Inter-rater

N) (Rater fixed) (Test session fixed)
(0 SEM Os SEM;s Or SEMg
(° or mm*) (° or mm*) (° or mm*)
Frontal eyes obliquity (70) 0.90 1.0 0.94 0.7 0.97 0.5
Head Lateral Bending (70) 0.90 0.9 0.94 0.7 0.97 0.5
Gaze Angle R (64) 0.83 2.3 0.89 1.7 0.95 1.1
Gaze Angle L (64) 0.89 1.9 0.94 1.3 0.96 1.1
Head protraction R (50) 0.93 1.4 0.96 1.0 0.97 0.8
Head Protraction L (56) 0.92 1.3 0.95 1.0 0.98 0.6
Cervical lordosis (59) 0.79 4.2 0.91 2.6 0.90 2.8
Shoulder elevation (69) 0.93 1.0 0.95 0.8 0.98 0.5
Shoulder Protraction R (33) 0.81 8.5% 0.92 5.1% 0.90 5.8%
Shoulder Protraction L (50) 0.85 7.3% 0.92 5.0% 0.95 4.1%
Scapula Asymmetry (69) 0.88 2.4 0.94 1.7 0.96 1.4
Waist Angle R (69) 0.98 1.2 0.99 0.9 0.996 0.6
Waist Angle L (69) 0.98 1.3 0.99 1.0 0.995 0.7
Trunk List (69) 0.95 4.3% 0.98 2.9% 0.98 2. 7%
Scoliosis 1 (60) 0.93 3.5 0.98 1.7 0.95 2.9
Frontal Thoracic Angle (57) 0.88 1.8 0.94 1.2 0.95 1.1
Scoliosis 2 (52) 0.83 43 0.92 3.0 0.94 2.5
Frontal Lumbar Angle (50) 0.67 2.7 0.86 1.6 0.81 1.9
Frontal Pelvic tilt (front) (70) 0.72 1.1 0.88 0.7 0.84 0.8
Frontal Pelvic tilt (back) (69) 0.81 1.5 0.90 1.0 0.93 0.9
Sagittal Pelvic tilt R (55) 0.87 2.1 0.93 1.5 0.96 1.1
Sagittal Pelvic tilt L (61) 0.85 2.0 0.91 1.5 0.95 1.1
Frontal Knee Angle R (69) 0.91 0.9 0.97 0.5 0.95 0.7
Frontal Knee Angle L (69) 0.93 0.9 0.96 0.6 0.98 0.5
Q Angle R (69) 0.63 3.5 0.88 1.7 0.72 2.8
Q Angle L (69) 0.64 3.3 0.84 2.0 0.78 2.4
Knee Varus (32) 0.95 2.1% 0.98 1.2% 0.97 1.6*
Knee Valgus (58) 0.99 2.7% 0.995 1.7% 0.99 1.8%
Sagittal Knee Angle R (69) 0.87 1.9 0.95 1.1 0.94 1.3
Sagittal Knee Angle L (67) 0.86 1.9 0.94 1.2 0.94 1.2
Tibio Calcaneum Angle R (66) 0.51 2.6 0.73 1.6 0.67 1.9
Tibio Calcaneum Angle L (65) 0.53 24 0.77 1.5 0.70 1.7

Legend: *data in mm, indices in boldface font represent the 24 selected PI for evaluation

of global posture.
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