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Abstract: As its name implies, the forward head position (FHP) is when the head is further forward
of the trunk than normal. This can cause neck and shoulder tension, as well as headaches. The
craniovertebral angle (CVA) measured with 2D systems such as Kinovea software is often used to
assess the FHP. Computer vision applications have proven to be reliable in different areas of daily
life. The aim of this study is to analyze the test-retest and inter-rater reliability and the concurrent
validity of a smartphone application based on computer vision for the measurement of the CVA.
Methods: The CVAs of fourteen healthy volunteers, fourteen neck pain patients, and fourteen tension-
type headache patients were assessed. The assessment was carried out twice, with a week of rest
between sessions. Each examiner took a lateral photo in a standing position with the smartphone
app based on computer vision. The test-retest reliability was calculated with the assessment of the
CVA measured by the smartphone application, and the inter-rater reliability was also calculated.
A third examiner assessed the CVA using 2D Kinovea software to calculate its concurrent validity.
Results: The CVA in healthy volunteers was 54.65 (7.00); in patients with neck pain, 57.67 (5.72); and
in patients with tension-type headaches, 54.63 (6.48). The test-retest reliability was excellent, showing
an Intraclass Correlation Coefficient (ICC) of 0.92 (0.86-0.95) for the whole sample. The inter-rater
reliability was excellent, with an ICC of 0.91 (0.84-0.95) for the whole sample. The standard error of
the measurement with the app was stated as 1.83°, and the minimum detectable change was stated
as 5.07°. The concurrent validity was high: r = 0.94, p < 0.001. Conclusion: The computer-based
smartphone app showed excellent test-retest and inter-rater reliability and strong concurrent validity
compared to Kinovea software for the measurement of CVA.

Keywords: neck; kinematics; computer-vision; validity study

1. Introduction

The optimal posture is currently a controversial entity. Until now, proper posture
has been considered the ability to maintain a correct body position, aligned and involving
minimal effort, in such a way that it allows the balance of the musculoskeletal system and
helps us to develop different tasks in a coordinated way [1,2]. The position of the head
is one of the elements that has been most valued to date [3,4]. A forward head position
(FHP) can enhance pathological myofascial adaptations and muscle imbalances [5], and
thus could be associated with pain in the shoulder area, neck pain, or headaches, but this
position can also be present in asymptomatic subjects [6-8]. It is thought that this position
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can influence biomechanics by producing an alteration between the head and the cervical
spine [9,10], causing an increase in tension in the cervical spine muscles. This misalignment
would occur because the upper cervical spine is practically in a fully extended position,
unlike the lower cervical segments, which are in flexion.

Neck pain is a frequent reason for consultation; between 22 and 70% of the world’s
population will experience neck pain at least once during their lives [11]. As mentioned
before, neck pain can be related to FHP, which is one of the most common disorders of the
cervical spine [12]. Furthermore, subjects with tension-type headache could also present a
greater FHP associated with impaired cervical ROM compared with healthy subjects [13].
It has been observed that poor alignment in FHP may be associated with increased use of
electronic devices and long periods of sitting in both children and adults [14].

During clinical examination in patients with neck pain, evaluation of FHP is com-
monly performed. [15]. The quantification of the craniovertebral angle (CVA) has been the
most widely used measurement method to quantify the severity of FHP, being the most
appropriate measurement for this task [12,16,17]. The CVA has been defined based on two
references: the tragus of the ear and the spinous process of C7. The angle is formed by a
horizontal line passing through C7 and the line joining the tragus and C7 [18]. An angle
less than 50-53° has been described as the FHP cut-off value [2,18-20].

Photometry is considered the “gold standard” to assess the position of the head [21,22],
and its assessment has been shown to be valid and reliable to assess the FHP [15]. To assess
the CVA, a photo is taken from the sagittal plane, either standing or sitting, and through
postural evaluation software and subsequent analysis, the CVA is estimated [18]. To
measure CVA, several tools have been used, such as computer programs (appointments)
and mobile applications [23].

Current technological advances such as computer vision (CV) and artificial intelligence
allow us to analyze images and acquire information from them [24]. This fact and the
COVID-19 pandemic have made telerehabilitation models grow; that is, rehabilitation
services have grown through information and communication technologies [25]. For CV
to be integrated into clinical rehabilitation in a real way, the evaluation must be valid and
reliable [26]. However, according to a recent systematic review about the reliability and
validity of non-radiographic methods of FHP measurement, there is a lack of evidence
about the reliability and validity of applications to assess CVA [27].

Based on current knowledge on FHP and CVA assessment and the ability of Al and
CV to perform analysis and acquire image information, an application has been created to
enable automatic CVA analysis. Therefore, the purpose of our study was: (1) to analyze
the test-retest and the inter-rater reliability of the CV application assessing the CVA in
healthy controls, in subjects with neck pain, and in subjects with tension-type headache
(TTH); and (2) to analyze the concurrent validity of the CV application comparing it with
2D Kinovea software.

2. Materials and Methods
2.1. Study Design

A reliability and validity study was carried out. The study followed the guidelines for
reporting reliability and agreement studies for reporting reliability [28].

Each participant underwent two assessment sessions, where CVA, cervical pain inten-
sity, the neck disability index (NDI), and self-perceived headache disability (HIT-6) were
measured. Between each session, there was a rest period of 1 week. The patients were
evaluated by a physical therapist with a master’s degree in physical therapy and 15 years
of clinical experience. During the assessment, the CVA was recorded with a computer
vision application (CVA-CVapp), and a photo was taken so that two physiotherapists not
involved in the assessment could assess this angle with the Kinovea application. One
of these physiotherapists had 10 years of clinical experience and previous experience in
measuring CVA, and the other was a recent physiotherapy graduate. The CVA assessment
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was performed three times for each session by two independent physiotherapists using a
mobile phone with the CVA-CVapp (Figure 1).
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[T inter-rater refiability T
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30 min

Participants n=42 Examiner C Examiner C

- Healthy Controls

- Neck pain CVA-CV app

- Tension type headache Craneovertebral angle Craneovertebral angle

[

I Test-retest
reliability

f—— 7days  —] CVA-CV app

current Validity
Specialist examiner

CVA-CV app
Craneovertebral angle

Figure 1. Block diagram and overview of the study design.

The ethical guidelines for clinical research in humans in the Helsinki Declaration were
followed. The data were anonymized, and the study was approved by the Ethical Research
Committee of the Universitat International de Catalunya (FIS/2022/010). All participants
were provided with an information sheet and an informed consent sheet prior to the start
of the measurements.

2.2. Participants

The sample consisted of healthy controls, people with neck pain, and TTH volunteers.
Forty-two volunteers were assessed—fourteen per group. The volunteers were recruited
from the Sant Cugat del Vallés metropolitan area and from the university community at the
Universitat International de Catalunya.

The exclusion criteria were a history of whiplash injury or cervical spinal arthrodesis,
as well as experience of tinnitus, vertigo, dizziness, or a feeling of unsteadiness during
the study.

Participants were considered healthy controls if they had not experienced cervical
pain during the last three months. On the other hand, if they had presented with pain in
the cervical area and an NDI > 10 points, they were considered patients with neck pain.
The inclusion criteria for TTH subjects were having a consultation with the medical doctor
in the last week and meeting the International Criteria for Headache Disorders [29] for
TTH. The age range to include the subjects in the study was 18-65 years.

2.3. Sample Sizes

The sample size calculation was performed following the recommendation of
Giraudeau et al. [30]. It was expected to reach an ICC of 0.9, a 95% confidence inter-
val of 95%, and two examiners (k), yielding an estimate of 14 subjects per group for a total
of 42 subjects.

2.4. Procedure

Subjects had to attend two assessment sessions with a break of one week between
them. In the first session after the subjects’ inclusion in the study, sociodemographic data,
such as age, height, weight, and body mass index, were recorded.

The CVA, ROM, pain intensity, HIT 6, and NDI were recorded in both sessions.
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2.4.1. Craniovertebral angle, CVA:

The CVA is defined as the angle between the horizontal line passing through C7
and a line extending from the tragus of the ear to C7. Its measurement is carried out by
photometry, for which a camera is placed at 1.5 m on a fixed base. The height of the camera
is adjusted to the height of the subject’s shoulder [31]. Two markers are placed in the
cervical area of the subjects, one at C7 and the second at the ear tragus. Additionally, they
are told to remain in a relaxed position and look straight ahead [32]. The CVA measures
shows a test-retest reliability of 0.85-0.86 and a between examiner ICC of 0.88-0.89 [23].

The CVA-CVapp was used for the CVA registration. This application was designed to
automatically acquire the craniovertebral angle using computer artificial vision and two
red markers; the first marker was placed at C7 and the second one in the tragus of the
ear. To perform inter-rater reliability, two examiners (B and C) placed the markers, and
the measurement was made with the app for each of the angles. There was a 30 min wait
between measurements. The examiners were not present when the other examiner placed
the markers. This process was repeated after one week to perform the test-retest reliability
analysis; only the examiner with more experience performed the assessment. For current
validity, a specialist examiner, during the first session, made the record of the CVA with the
CVA-CVapp and a photo and compared it with the Kinovea software [33]. The evaluators
held a consensus session where it was explained where to place the markers and how to
use the CVA-CVapp.

2.4.2. Visual Analogue Scale, VAS

The headache and neck pain intensities were measured by VAS. This tool has been
shown to be valid and reliable for measuring headache and neck pain intensities [34]. A
100 mm horizontal line was used; at one end of the line, the descriptor “no pain” was
placed, and at the opposite end, “the worst pain imaginable”.

2.4.3. Headache Impact Test, HIT-6

The self-perceived impact of headache was measured using the HIT-6 questionnaire. It
is a questionnaire with six items and four response options: never, 6 points; rarely, 8 points;
sometimes, 10 points; very often, 11 points; always, 13 points; and the total score ranges
from 36 to 78 points. The test-retest reliability is excellent (ICC = from 0.78 to 0.90), and the
internal consistency is good (Cronbach’s alpha = 0.89) [35].

2.4.4. Neck Disability Index, NDI

The Spanish version of the NDI was used to measure self-perceived neck disability.
This questionnaire has a high test-retest reliability (ICC = 0.978) [36] and consists of 10 items,
7 of which relate to daily living activities, 2 to pain, and 1 to concentration. The maximum
score is 50 points, and the highest score is associated with a higher self-perceived disability.

2.5. Statistical Analysis

Data analysis was performed with SPSS version 20.0 (IBM, Chicago, IL, USA) for
Windows. A descriptive analysis was carried out for the quantitative variables, and the
means and standard deviations were used. For the qualitative variables, an analysis of
frequencies and percentages was carried out. The intraclass correlation coefficient (ICC) and
the 95% confidence intervals (95% CI) were calculated to establish the test-retest and inter-
rater reliability of the CVA-CVapp. A calculation of the test-retest and inter-rater reliability
ICCs by subgroups was also performed. The criteria suggested by Fleis (1999) for the
interpretation of reliability were used. ICCs below 0.40 represent poor reliability, ICCs from
0.40 to 0.75 represent moderate reliability, and ICCs above 0.75 indicate excellent reliability.
In addition, the calculation of the standard error (SEM) and the minimum detectable change
(MDC) were performed. The calculation of SEM was established according to the formula:
SD x 4/1-ICC. Additionally, the calculation of a minimum level of detectable change (MDC
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95% CI) was performed according to the formula: (SEM) X z-score at the two-sided 95%
confidence intervals (z = 1.96) x /2.

The Pearson’s correlation coefficient was calculated to determine the strength of the
relationship between both instruments (Kinovea and CVA-CVapp); the correlation was
interpreted as strong if it was greater than 0.70, moderate if it presented a value between
0.50 and 0.70, and low if it was less than 0.30 [37].

3. Results

Fourteen healthy controls (seven women and seven men with a mean age of
35.76 + 4.49 years (mean =+ SD), fourteen volunteers with neck pain (eight women and six
men with a mean age of 33.07 £ 6.07 years), and fourteen subjects with TTH (eleven women
and three men with a mean age of 32.71 £ 2.89 years) were evaluated. The total sample
measurements were carried out on forty-two subjects—25 women and 17 men—with a
mean age of 33.33 & 4.59 years (Table 1).

Table 1. Descriptive analysis of the demographic data.

Healthy Control Neck Pain Tension Type Headache

Mean (SD) Mean (SD) Mean (SD)

Weight (Kg) 69.43 (10.24) 67.43 (13.96) 64.50 (11.26)

Height (cm) 172.57 (10.04) 170.29 (9.14) 168.14 (9.46)
VAS (pain) (cm) 0.07 (0.26) 2.647 (1.08) 1.53 (1.56)
VAS (headache) (cm) 0.17 (0.27) 1.82 (1.19) 2.11 (1.65)
CVA*° 54.65 (7.01) 57.98 (6.55) 51.01 (7.22)
NDI 2.00 (2.01) 8.93 (3.07) 3.43 (3.08)

HIT 6 40.43 (2.38) 48.85 (7.64) 56.14 (7.99)

CVA, Craniovertebral angle.

The ICC values showed that the test-retest reliability of the CVA-CVapp obtained a
high value with excellent reliability; these results are shown in all the subgroups and in the
whole sample (Table 2).

Table 2. Test-retest reliability for subgroups and the whole sample for the CVA-CVapp.

Assessment Cl\)lfé’;-nc(\;%))[) ICC (95% CI) SEM MDC

If(fﬂfgly ; gigg ((;:83)) 0.91 (0.74-0.97) 2.10 5.82
Neck pain ; g;ig ((gﬁ)) 0.92 (0.76-0.97) 1.61 4.46
T‘iﬁﬁ;‘gﬁ ¢ ; ;fg ((2:33)) 0.92 (0.77-0.97) 1.56 432
gﬁ‘;ﬁi ; gi’gg ((g‘;f)) 0.92 (0.86-0.95) 1.83 5.07

CVA, Craniovertebral angle.

Table 3 showed the inter-rater reliability, and the results of the ICC showed excellent
reliability for all the measurements.

The concurrent validity calculated by the Pearson’s correlation coefficient showed a
strong correlation between the assessment using the Kinovea web tool and the CVA-CVapp
(Table 4). The Bland—Altman plot is shown in Figure 2.
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Table 3. Inter-rater reliability for subgroups and the whole sample.
. CVA-Cvapp o
Examiner Mean (SD) ICC (95% CI) SEM MDC
Healthy 1 54.65 (7.00)
control ” 5413 (6.09) 0.90 (0.73-0.97) 2.21 6.12
. 1 57.67 (5.72)
Neck pain 2 57.30 (5.56) 0.86 (0.61-0.95) 2.14 5.93
Tension type 1 51.55 (5.53) g
headache > 51.17 (6.40) 0.90 (0.73-0.97) 1.75 4.48
Whole 1 54.63 (6.48)
sample ” 54,20 (6.40) 0.91 (0.84-0.95) 1.94 5.37

CVA, Craniovertebral angle.

Table 4. Pearson’s r value between the Kinovea web tool and the CVA-CVapp.

CVA Kinovea CVA-CVapp Pearson’s Correlation
Mean (SD) Mean (SD) Coefficient
Whole sample 53.71 (6.39) 54.63 (6.48) r=094
P S e p <0.001

CVA, Craniovertebral angle.

10.00 + o

8.00 -

6.00 -
g 4.00
o o

o
2.00 - o
° [}
o
04,9 o o8 0% o
000 4 000%0660 ooo o
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-2.00 ° ° &
404100 50?00 604100 70{00

Figure 2. Bland—Altman plot.

4. Discussion

The assessment of CVA is an assessment that is routinely performed in the clinic. This
assessment is added to other musculoskeletal assessments, such as pain assessment and
self-perception of disability. Specifically, CVA helps therapists detect FHP and develop
therapeutic strategies for its treatment. The aim of the present study was to evaluate the
validity and reliability of the CVA-CVapp by obtaining a strong correlation between the
Kinovea web tool and the CVA-CVapp and achieving excellent test-retest and inter-rater
confidence values.

The CVA has been evaluated and validated with multiple tools, although the tendency
seems to be a tool that is used directly during the session. The results of the present
study showed excellent test-retest and inter-rater reliability for the CV-based smartphone
application. These results are similar to those shown by photometry with excellent test-
retest (ICC = 0.91) and good inter-rater (ICC = 0.75) reliability [38] in healthy controls and
in those with neck pain with excellent test-retest (ICC = 0.90) and inter-rater (ICC = 0.92)
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reliability [15]. Other manual tools, such as the “modified head posture spinal curvature
instrument”, also obtained excellent test-retest reliability values, with an ICC = 0.87 (CI195%,
0.82-0.91) [39]. Gallego-Izquierdo et al. [23] validated the FHPapp (Pyeongtaek, South
Korea) mobile manual application. These authors used a smartphone application to perform
measurements; the major difference between the FHPapp and the CVA-CVapp is how they
are used. To measure the FHP with the FHPapp, a photo must be taken, and then the
physiotherapist places three markers onto the photo (at the tragus of the ear, at C7, and
at a horizontal line parallel to the ground through these marks) to obtain the CVA. With
the CVA-CVapp, the CVA angle is analyzed more automatically the physiotherapist places
two marks on the tragus of the ear and, at C7, a photo is taken of them, and the application
automatically determines the CVA.

The mean CVA observed in this study is similar to that found in other studies with
higher samples [15,18,40,41]. In our case, a global evaluation of all the subjects and by
subgroups was developed, observing that the subjects with TTH have a lower angle and an
increased FHP compared with the rest of the subgroups; this finding adds to the evidence
already existing where previously it had been described that subjects with TTH tend to
present an increased FHP [13]. The values of SEM and MDC obtained by the CVA-CVapp
are similar to those presented by Gallego-Izquierdo et al. [23]. When an instrument is
used to carry out an assessment, it must consider how much the measured variable can
change over time; the measurement error must be as small as possible, and in this context,
SEM indicates the level of agreement between repeated measurements [42]. When the
SEM is less than 7%, it is an indicator of good reliability, like the one obtained with the
CVA-CV app.

It seems that computer vision can be a tool with great potential for physiotherapists
(Hellsten), and it has been observed that these tools could be used even without markers.
The developed application could be improved to automatically locate C7 and the ear in
such a way that CVA could be obtained without any kind of marker. The authors have
found several limitations: the data were evaluated in healthy controls, volunteers with
neck pain, and volunteers with tension-type headache, so the data cannot be extrapolated
to other subgroups such as patients with whiplash. The evaluation was carried out in a
standing position; it is unknown if the results in a sitting position could be similar. If a
patient or marker had been placed in a different location than described, this would have
had a negative impact on the results. Therefore, it is necessary to undergo prior training to
accurately place the markers and learn how to use the application. Finally, the application
is still under development, and measurements could only be made with a single device.
Although other variables such as pain and/or the impact of a headache are recorded, it has
not been analyzed whether they have influenced the results.

5. Conclusions

The CVA-CVapp has shown to be useful for CVA measurement. The test-retest and
inter-rater reliability scores showed excellent results for the CVA-CVapp of the measure-
ment of the CVA in healthy controls, in volunteers with neck pain, and in TTH. The
CVA-CVapp showed a high correlation with the Kinovea web tool for the assessment of
the CVA.

The use of a CV-based application in this study has shown a remarkable level of
reliability and validity, indicating its usefulness as an objective tool for evaluating CVA in a
standing position. Nevertheless, it is important to exercise caution when interpreting the
results. The application was solely utilized for measuring CVA, and as a result, the conclu-
sions cannot be extended to other cervical angles. Furthermore, the results” applicability to
other subgroups of cervical patients is limited.
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