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ABSTRACT

Introduction: Various positioning techniques are utilized to enhance the visualization of lower cervical vertebrae on
lateral radiographs. However, the effectiveness of these techniques still remains unclear. This study was conducted to
determine the effect of the weight-bearing (WB) technique in visualizing lower cervical vertebrae and cervicothoracic
junction (C7-T1) on standing lateral cervical radiographs of adult non-trauma patients. The study was conducted using
both computed radiography (CR) and digital radiography (DR) systems.

Methods: Forty-four CR (29 WB and 15 non-WB — NWB) and 61 DR (26 WB and 35 NWB) lateral C-spine radiographs
were prospectively evaluated to assess the visible number of cervical vertebral bodies and C7-T1 junction. The instructions
given by the radiographer to the patient for the imaging procedure were also assessed on the Likert scale (very good,
good, fair, poor, very poor).

Results: There was no significant difference (p > 0.05) in the visualization of the number of vertebral bodies between the
two techniques of WB and NWB for CR or DR. Further, no significant relationship (o > 0.05) was observed between the
WB technigue and the visualization of C7-T1 junction in DR systems. However, a significant difference was identified for
CR (p =0.012). The instruction given to the patient significantly correlated with the visibility of the lower C-spine region
within each group of WB and NWB in both imaging systems.

Conclusions: The visibility of the number of vertebral bodies in the lower C-spine region in either CR or DR systems did
not demonstrate any enhancement with the WB technique. Regardless of the imaging system or techniques used, ade-
quate instructions given to the patient before and during the imaging procedure of C-spine lateral radiography demon-
strated a significant improvement in visualizing the lower C-spine region. In this preliminary study, the application of erect
WB radiography technique in evaluating the lower cervical region of adult non-trauma patients gives limited advantage.

Keywords: Cervical spine, radiography, computed radiography, digital radiography, cervicothoracic junction, weight-bear-
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INTRODUCTION

Although advanced imaging technologies are widely
available, the lateral cervical spine radiograph remains the
initial standard radiographic assessment for any type of
cervical spinal injuries (1-3). It is a readily available, sim-

spinal injuries (1,4). According to the literature, 37-72%
of cervical spine radiographs do not adequately visualize the
lower cervical region (2,4,6). In such cases, alternative or
supplementary radiographs such as Swimmer’s view with
additional exposure (1,2,7) or computed tomography (CT)

ple, and cost-effective radiographic examination (2). An
adequate lateral C-spine radiograph must demonstrate all
seven cervical vertebrae (C1-C7), including the cervicotho-
racic junction (C7-T1), where 9-18% of cervical injuries
occur (1,4,5). Demonstration of lower cervical vertebrae
is extremely important to avoid misdiagnosis of cervical
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with higher exposure (8) and higher cost are necessary for
the adequate visualization of the lower cervical vertebrae.
However, Swimmer’s view is not recommended when
trauma is suspected (1,2,7). Cervical spine radiographs
have been mostly replaced by CT as it is significantly sen-
sitive in identifying fractures. When performing a CT cer-
vical spine, the availability of multiplanar reformatting and
interactive viewing facilities should be ensured. Magnetic
resonance imaging is prescribed when neurological signs
and symptoms related to the cervical spine present or eval-
uate new or increasing radiculopathy (3,9). However, it is
essential to highlight that still there are few readily available
CT and MRI machines in Sri Lanka.

© 2021 Bimali S. Weerakoon, et al.; licensee University of Sarajevo - Faculty of Health Studies. This is an Open
Access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.
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According to the literature, neck length, body mass index
(BMI), and shoulder density are the leading causes for inad-
equate visualization of the lower cervical spine on lateral
radiographs (4). The density of the shoulders limits the
complete visualization of the lower cervical spine and the
C7-T1 junction through superimposition. To maximize the
visualization of image details, it is mandatory to have ade-
quately relaxed and depressed shoulders (1,3,5). Further,
proper instructions to the patient before and during the
imaging procedure are essential to maintain an accurate
patient positioning, thereby produce a good quality radio-
graph (2). There are various positioning techniques used for
lateral cervical radiography in clinical practice, and there
is no specific consensus regarding the optimum position-
ing (7). The standing C-spine lateral radiography can be
mainly performed with four positioning techniques: by ask-
ing the patient to relax their shoulders downwards against
the vertical bucky with arms by the side or by asking the
patient to relax their shoulders downwards and forward as
much as possible or by asking the patient to hold their arms
behind the back with shoulders downwards and pull down
as low as possible or by asking the patient to hold a weight
in each hand if they are capable (10-12). Although stand-
ing weight-bearing (WB) positioning is recommended,
its exact correspondence to the visualization of the lower
cervical spine remains unclear. Therefore, this study was
conducted to determine the effect of the WB positioning
technique in visualizing lower cervical vertebrae and C7-T'1
junction on standing lateral cervical radiographs of adult
non-trauma patients. With the advancement of technol-
ogy, digital radiography (DR) and computed radiography
(CR) have become more popular than film-screen radiog-
raphy. Even though with the latest technology, the quality
of any radiograph depends on accurate patient preparation,
positioning, and selection of appropriate exposure factors
(13,14). In this study, both CR and DR systems were used
as a comparison. The results of this study will be useful in
providing evidence-based education, which is very signifi-
cant and essential in clinical practice.

METHODS

This prospective study was conducted in two CR and two
DR units at three teaching hospitals in Sri Lanka over a
period of 3 months. The study was conducted according to
the standard departmental patient positioning practice and
clinical protocols.

Based on non-probability purposive sampling, the study
included all patients referred to lateral C-spine radiographs
within the age range 15-65 years. Un-corporative patients,
trolley patients, trauma patients, and patients with severe
pain or a history of surgery in head, neck, and shoulder
regions were excluded from the study. The study included
only the first radiographs taken at any time, and repeat
radiographs were excluded from the study. The study was
approved by the Ethics Review Committee of the Faculty
of Allied Health Sciences, University of Peradeniya, Sri
Lanka (AHS/ERC/2019/049a) and informed consent was
obtained from all the participants.

Before the imaging procedure, age, height, weight, midline
neck length (MNL = upper margin of the hyoid bone to the
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jugular notch), and lateral neck length (LNL = mandible
angle to the mid-portion of the ipsilateral clavicle) of each
participant were recorded.

Based on the inclusion criteria, a total of 105 C-spine radi-
ography procedures (Table 1) were included in the study.
All the images were collected following the routine imaging
procedure without any modification. The average exposure
parameters for the procedures were ranged between 65 and
72 kVp, 0.1 — 0.14 ms, and 150 mA. All the radiographs
were obtained with the 150 cm fixed source-to-image
detector distance and tube centering at the level of C4-C5.
For the imaging procedure, the patients were instructed to
stand with the feet slightly apart and place either shoulder
against the vertical bucky. The median sagittal plane was
adjusted to be parallel with the image receptor. The chin
was extended, and the shoulders were depressed either by
WB or non-weight-bearing non-WB (NWB) technique
(Figure 1). Two water-filled cans weighing 4 kg were avail-
able in all the units for routine WB technique. The patient
was instructed to hold each can in the WB technique. Two
NWB positioning techniques were utilized to depress the
shoulders and these two were simply relaxing the shoulders
downwards against the vertical bucky with arms by the side
or holding the arms behind the back with shoulders down-
wards and pull down as low as possible.

The investigators graded the radiographer’s instructions for
imaging procedure on the Likert scale (very good, good,
fairly poor, very poor) based on their observations accord-
ing to a pre-designed criterion (breathing, WB, or position-
ing of the arms/neck and movement instructions)

All the radiographs were visually evaluated for adequacy
of exposure factors and artifacts by the investigators who
have more than 5 years of experience in the radiography
field. Adequate exposure is demonstrated by the clear visu-
alization of margins of bony vertebrae, air column, and soft
tissues (2). The radiographs were examined for the artifacts
caused by the patient movements, double exposure, and
radiopaque objects. Only the radiographs with adequate
exposure factors, sufficient anatomical coverage, and the
absence of artifacts were included in this study. The visibil-
ity of the number of vertebral bodies from top to bottom
and the visibility of the C7-T1 junction on each radiograph
were compared for the two positioning techniques. When
counting, if any of the vertebral bodies were not completely
visible, they were considered as “not visible.” If the C7-T1

150 cm i

FIGURE 1. Positioning for the lateral C-spine radiography. (a). Non-weight-
bearing technique (b). Weight-bearing technique.
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TABLE 1. Demographic characteristics of the participants.
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Characteristics Total population CR DR

mean (SD) With weight Without weight o With weight Without weight p
No. of patients 105 29 15 - 26 35 -
Age 50.45 (10.19) 52.62 (8.59) 50.80 (7.64) 0.56 46.38 (10.98) 51.51(11.25) 0.04*
BMI 25.54 (4.41) 25.67 (3.63) 27.05 (4.40) 0.27 25.56 (5.55) 24.76 (4.03) 0.52
MNL 7.96 (1.46) 8.53 (1.39) 7.80 (1.47) 0.04* 7.95(1.27) 7.56 (1.56) 0.30
LNL 10.70 (1.15) 10.83 (1.08) 10.77 (1.16) 0.46 10.40 (1.18) 10.79 (1.18) 0.21
Gender 18/87 5/24 4/11 0.46 3/23 6/29 0.72

*p<0.05. NWB: Non-weight-bearing, WB: Weight-bearing, LNL: Lateral neck length, MNL: Midline neck length, BMI: Body mass index, DR: Digital

radiography, CR: Computed radiography

junction is partially visible, it was categorized as “slightly
visible” (15).

The data obtained from CR and DR systems were analyzed
separately. Descriptive statistics (mean + SD) were used
to analyze continuous variables, including the number of
visible vertebrae. The normal distribution of the data was
verified using Kolmogorov—Smirnov (if the sample size is
>30) and Shapiro—Wilk tests (if the sample size is <30).
Comparison of continuous variables between the two groups
was conducted by Mann—Whitney U test (with non-normal
distribution) and Student’s t-test (with normal distribu-
tion). Comparison of categorical variables was made with
the Chi-square test. Spearman rank correlation analysis was
performed to identify the correlation between different vari-
ables and the visibility of the number of C-spine vertebrae
and C7-T1 junction. The testing was done as two-tailed,
and an alpha value of 0.05 was set as the significant value.

RESULTS

The study sample consisted of 105 volunteers with a mean
age of 50.45 (+10.19) years. There were 44 (41.90%) CR
and 61 (58.10%) DR radiographs including 87 (82.90%)
female and 18 male (17.1%) participants. Altogether,
55 (52.38%) examinations performed with WB and
50 (47.62%) examinations performed with NWB tech-
niques (Table 1). The majority of the examinations (66,
62.90%) were requested due to the indication of neck pain
(Figure 2). The results of evaluating the given instructions in
each type of imaging system and the techniques applied are
displayed in Figure 3. Table 1 illustrates the demographic
characteristics of the study participants and their compari-
son between WB and NWB techniques. Concerning MNL
variable in CR imaging and age variable in DR imaging,
there was a significant difference between the two groups
of participants in WB and NWB. Table 2 demonstrates the
correlation between the different variables with the visibil-
ity of the number of vertebrae and C7-T1 junction for the
two positioning techniques, WB and NWB, of CR and DR
imaging. According to the results, MNL and LNL demon-
strated a significant correlation (p > 0.05) with the visibility
of the C7-T'1 junction when performing the WB technique
in CR imaging. Further, there was a significant correlation
(p > 0.05) between the visibility of the number of vertebrae
and BMI when performing the WB technique in DR imag-
ing. The instructions given to the patients demonstrated a
significant correlation (p > 0.05) with the visibility of the
number of vertebrae and C7-T1 junction in both WB and
NWB techniques of CR and DR imaging.

68

50

Frequency

[REFN

20

Type of the indication

FIGURE 2. Frequency of the indication for C-spine lateral radiography.

20 19
E’ 15
a 10 BCR with weight
E B CR without weight
5 BDR with weight
o LB : BDR without weight
Very Good Fair Poor Very
good poor
Instructions

FIGURE 3. Evaluation of the given instructions to the patient before and
during the imaging procedure of C-spine lateral radiography in each type of
weight-bearing and non-weight-bearing positioning technique.

As demonstrated in Table 3, there was no statistically signif-
icant difference (p > 0.05) in the visualization of the number
of vertebral bodies between the two techniques of WB and
NWSB in either CR or DR radiographs. However, accord-
ing to Table 4, there was a statistically significant difference
(p < 0.05) in the demonstration of C7-T'1 junction between
the two techniques of WB and NWB for CR radiographs.

DISCUSSION

Repetition of the radiographs may increase the unnecessary
radiation exposure both to the patient and staff while increas-
ing the workload and leading to the wastage of resources (2).
The leading cause for the repetition of the C-spine lateral
radiograph is the inadequate visualization of the lower C-spine
region, including the C7-T1 junction. Radiographers and
researchers suggest various strategies and positioning tech-
niques to overcome this challenge for the non-trauma con-
ditions (4,16,17). Previous studies have identified the effec-
tiveness of Swimmer’s view (1,4,17) and supine oblique view
(17) in the visualization of the lower C-spine region. Certain
literature suggests that there is an impact of arm traction on
the visibility of the cervical region in radiography for the



Bimali S. Weerakoon, et al.: Erect weight-bearing and non-weight-bearing radiography of cervical spine Journal of Health Sciences 2021;11(2):66 -71  www.jhsci.ba
TABLE 2. Correlation between the different variables and the visibility of TABLE 2. (Continued)
lower C spine region in the two positioning techniques of WB and NWB. Imaging  Variable Positioning Correlation D
method technique coefficient
Imaging  Variable Positioning Correlation p NWB 0.17 0.34
method technique coefficient Instruction WB 0.45 0.02*
CR Age versus WB 0.41 0.05 versus no of
number of visible NWB 0.18 0.52 visible vertebrae
vertebrae NWB 048 0.00*
Ageversus  WB 0.28 0.14 Instruction WB 0.34 0.07
C7-T1 Junction  NwB 0.38 0.16 versus C7-T1
visibility Junction visibility
BMI versus WB 0.09 0.66 NWB 0.46 0.00*
nurTbber of visible NWB 0.30 0.27 *p<0.05. NWB: Non-weight-bearing, WB: Weight-bearing, LNL: Lateral
\I;TVIIe rae WB 0.08 069 neck length, MNL: Midline neck length,
versus . : BMI: Body mass index
C7-T1 Junction  NWB 0.31 0.26
visibility
MNL versus WB 0.46 0.13 TABLE 3. Comparison of the mean number of vertebral bodies visible
number of visible NWB 0.01 0.96 between the two positioning techniques of WB and NWB.
vertebrae Variable CR DR
MNL versus WB 0.45 0.01* WB NWB p WB NWB p
C7-T1 Junction  NWB 022 0.4 No. of 690 660 018 688 747 028
visibility vertebrae  (0.67)  (0.83) (0.77)  (0.86)
LNL versus no of WB 0.18 0.34 *v<0.05. NWB: Non-weight-bearing, WB: Weight-bearing, DR: Digital
visible vertebrae - NWB 0.30 0.28 radiography, CR: Computed radiography
LNL versus WB 0.40 0.03*
C7-T1 Junction  NWB 0.07 0.08 . I —_—
bl TABLE 4. Comparison of visibility of C7-T1 junction between the two
visibility ma -
Instruction WB 058 0.00* positioning techniques of WB and NWB.
versus number  NWB 069 0.00* Positioning Clearly ~ Slightty ~ Not  Total  p(Pearson
of visible Technique visible  visible  visible Chi-squared)
vertebrae CR
Instruction WB 0.53 0.00* WB 11 10 8 29
versus C7-T1 — NwB 0.68 0.00* NWB 3 1 1 15
Junction visibility Total 14 11 19 44 0.01*
DR Age versus WB 0.38 0.05 DR
number of visible WB 07 06 13 2%
vertebrae NWB 15 6 14 35
NWB 0.15 0.38 Total 22 12 27 61 0.50
Ageversus  WB 0.26 0.21 — _ _ , — =
C7-T1 Junction p<p.05. NWB: Non-welght-bequng, WB: Weight-bearing, DR: Digital
visibilty radiography, CR: Computed radiography
NWB 0.10 0.57
BMI versus WB 0.41 0.04* supine position (18-21). Toksoy et al. (4) found that traction
number of visible can increase the field of view of the C-spine by approximately
vertebrae 9 mm. Similar to the above, Bowe et al. (18) stated that the
NWB 0.18 0.32 visibility of more than two-thirds of a vertebral body could be
BMI versus WB 043 0.07 enhanced by arm traction. CT is recommended to perform
C7-T1 Junction when a conclusive diagnosis of the cervical injury is required
visibility urgently in adults (9). Using a WB positioning technique in
NWB 0.17 0.34
: ' C-spine lateral radiographs as an adjunct to improve the visu-
nMI\:rI]_bv?rs;Js. " w8 0.09 0.66 alization of the lower C-spine in adult non-trauma patients
Vz rtebera: visiie is suggested by some authors (10,11). Application of a hand
NWB 0.26 013 weight in the standing position is considered a simple tech-
' ' nique that allows the lowering of shoulder girdles by applying
MNL versus WB 0.21 0.31 . ..
C7-T1 Junction equal forces directly onto the shoulder joints. However, to the
visibility best of our knowledge, there has been no study in the liter-
NWB 0.15 0.41 ature that evaluates the effectiveness of this WB positioning
LNL versus WB 011 061 technique in enhancing the visualization of the lower C-spine
number of visible region of adult non-trauma patients.
vertebrae This current study was considered all the routine patients
NWB 0.20 0.25 during the study period as the study sample based on its
LNL versus WB 0.22 0.27 inclusion criteria. However, a statistically significant dif-
C7T1 Junction ference (p < 0.05) was found between the two groups of
visibility 7 group
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patients in the WB and NWB techniques in MNL variable
in CR imaging and age variable in DR imaging (Table 1).
Therefore, a correlation analysis (Table 2) was conducted to
determine the effect of MNL and age on the visibility of the
number of vertebrae and C7-T1 junction within the groups
of WB and NWB. According to the results, MNL did not
significantly (p > 0.05) affect the number of visible vertebrae
in either WB or NWB groups. However, there was a signif-
icant correlation between MNL versus visibility of C7-T'1
junction in the CR WB group. According to the literature,
neck length is a major anatomic feature leading to an insuf-
ficient view of the lower C-spine region (4). Therefore, the
difference of the MNL variable between the two groups of
patients in the WB and NWB techniques may affect the
comparison of this study within the CR imaging systems.
Furthermore, age did not affect the visibility of the C-spine
in either WB or NWB group in DR imaging as shown in
Table 2. Therefore, although the age variable was different
between the two groups of patients in the WB and NWB
techniques in DR imaging, it did not affect the comparison
of this study. According to Table 2, LNL and BMI demon-
strated a significant correlation with the visibility of the
cervical region in the WB technique. However, as shown in
Table 1, there is no significant difference of these variables
between the two groups of patients in the WB and NWB
techniques. Therefore, those two variables did not affect the
outcome of this study.

Regardless of the imaging system or techniques used, it
is essential to give adequate instructions to the patient
before and during the imaging procedure of C-spine lat-
eral radiography as it can enhance the clear visualization
of the lower C-spine region (2). It is believed that sus-
pended respiration on a full exhalation able to lower the
shoulders (10). Further, it has been noted that patients
frequently hunch their shoulders to hold the weights
firmly while keeping them still (12). Therefore, a careful
explanation is very much essential, especially in the WB
technique. A significant correlation between the given
instruction and the visibility of lower C-spine region in
both WB and NWB groups was found in this study with
both imaging systems (Table 2). This highlights the idea
that the instructions influence the success of examina-
tions for both WB and NWB, CR and DR. The study
carried out by Bowe ez a/. (18) with different traction
methods demonstrated that manual traction accompa-
nied by proper breathing instructions could improve the
visualization of C-spine on lateral radiographs.

According to the results of this study, there was no signifi-
cant relationship observed between the WB technique and
the visualization of the number of vertebral bodies in either
CR or DR imaging systems. Further, no significant associa-
tion was observed between the WB technique and the visu-
alization of the C7-T1 junction in DR systems. However,
the WB positioning technique significantly improved the
ability to visualize the C7-T'1 junction only in CR systems
with a p value of 0.01 in this study. This observation could
be attributed to several factors. First, there was a significant
difference (p < 0.05) in the MNL variable between the two
groups of patients in WB and NWB positioning techniques
in CR imaging systems. Second, out of all NWB techniques
in CR imaging, 53.33% were done with the positioning
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technique of just relaxing the shoulders downwards against
the vertical bucky with arms by the side. The above NWB
positioning technique might have been an ineffective tech-
nique to visualize the lower cervical region. However, this
should be further investigated.

There are a few limitations in this study. First, the low num-
ber of participants in each subgroup might have caused the
lack of power of the study. Therefore, it is suggested to con-
duct the study with a larger sample size to investigate the
true association between the variables. It is also suggested
to perform the study as a randomized controlled trial which
could provide better evidence and make the results more
robust. Second, this study tried to compare the real-life
situation in clinical practice. Ideally, two positioning tech-
niques should have been performed in the same patient to
reduce the intrapersonal variability during the comparison.

Nevertheless, in this study, different patients have been used
for the comparison. Thirdly, bi-acromial breadth (horizontal
distance across the shoulders measured between the acromia
bony points) of the patient could affect the visibility in the
lower C-spine region. However, this study did not collect
data related to the above variable. Nevertheless, to the best
of our knowledge, this study is the first attempt that eval-
uates the effectiveness of the WB positioning technique of
adult non-trauma patients in C-spine lateral radiography.

CONCLUSIONS

The standing WB technique did not exhibit any benefit in
enhancing the visibility of the number of vertebral bodies
in the lower C-spine region in either CR or DR systems.
Regardless of the imaging system or techniques used, ade-
quate instructions given to the patient before and during the
imaging procedure of C-spine lateral radiography demon-
strated a significant improvement in visualizing the lower
C-spine region. Based on the findings of this preliminary
study, the application of erect WB radiography technique
in the evaluation of the lower cervical region of adult non-
trauma patients gives limited advantage. However, further
investigations are recommended with a larger sample size to
confirm the results.
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