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Abstract
Purpose Prone position is known to improve acute lung injury, and chest radiographs are often necessary to monitor disease 
and confirm support device placement. However, there is a paucity of literature regarding radiographs obtained in this posi-
tion. We evaluated prone radiographs for distinguishing features and ability to identify support devices.
Methods Pairs of prone and supine radiographs obtained during the COVID-19 pandemic were assessed retrospectively. IRB 
approval and waiver of informed consent were obtained. Radiographs were assessed for imaging adequacy, distinguishing 
features, and support device identification (endotracheal tube, enteric tube, or central line). Radiographs were reviewed by 
≥ 2 cardiothoracic radiologists.
Results Radiographs from 81 patients (63yo ± 13, 30% women) were reviewed. Prone and supine radiographs were com-
parable for imaging the lung bases (81% vs. 90%, p = 0.35) and apices (93% vs. 94%, p = 1); prone radiographs more 
frequently had significant rotation (36% vs. 19%, p = 0.021). To identify prone technique, scapula tip located beyond the 
rib border was 89% sensitive (95%CI 80–95%) and 85% specific (76–92%), and a fundal stomach bubble was 44% sensitive 
(33–56%) and 90% specific (81–96%). For women, displaced breast shadow was 46% sensitive (26–67%) and 92% specific 
(73–99%). Prone and supine radiographs each identified > 99% of support devices. Prone exams trended toward increased 
rate of malpositioned device (12% vs. 6%, p = 0.07).
Conclusion Scapula position reliably distinguishes prone from supine position; fundal stomach bubble or displaced breast 
shadow is specific for prone position. Prone radiographs reliably identify line and tube position, which is particularly impor-
tant as prone patients appear at increased risk for malpositioned devices.
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Introduction

Prone positioning is often used in the management of acute 
respiratory distress syndrome [1]. Placement of patients in 
the prone position (i.e., “proning”) with respiratory failure 

can improve oxygenation [2, 3] and lung recruitment [3]. As 
these patients are often critically ill, with multiple support 
devices, routine radiography is often performed to monitor 
for disease progression, complications, and device position-
ing. Assessment of support devices is particularly important 
after changing to or from prone position, as tubes can get 
dislodged or shifted [4–6].

The prone position is not a standard view for chest radi-
ography and the images are frequently not labeled as such 
by technologists. Moreover, radiologists and other clinicians 
are not experienced in interpreting these exams. There is a 
paucity of literature on chest radiography of prone patients, 
and the imaging features in proned, critically ill patients 
have not been well characterized. Furthermore, their reli-
ability for verifying line and tube position is unknown. This 
was previously difficult to address given the intermittent 
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use and overall low frequency of proned patients. However, 
proning has seen widespread adoption during the COVID-
19 pandemic [7, 8], providing a substantial number of cases 
to review.

We assessed image quality and distinguishing features of 
prone radiographs in critically ill patients admitted to the 
hospital during the COVID-19 pandemic. We also assessed 
the ability to localize support devices, specifically endotra-
cheal tubes, enteric tubes, and central lines.

Materials and Methods

IRB approval was obtained for this retrospective study. 
Informed consent was waived and HIPAA compliance 
was maintained. We reviewed portable chest radiographs 
obtained in nine hospitals at two academic institutions. 
Critically ill patients admitted during the COVID-19 pan-
demic from March 2020 to February 2021, who had both 
supine and prone radiographs within one calendar day, were 
included.

Portable chest radiographs were obtained using digital 
radiography machines. The cassette was placed directly 
beneath the patient, in either supine or prone position. 
Source to image distance (SID) was maintained at greater 
than 40 inches. Grid use was not standard, but could be 
employed in larger patients. Typical parameters ranged from 
100 to 110 for kVp and 1 to 3.2 for mAs. Images were identi-
fied as prone or supine based on technologist reporting or in 
the medical record if not recorded by the technologist. One 
pair of supine and prone radiographs for each patient was 
reviewed in consensus by at least two sub-specialty-trained 
cardiothoracic radiologists. Reviewing radiologists were 

blinded to patient positioning—any indication of position 
on the radiograph was concealed prior to review.

Radiograph quality was assessed by evaluation for obscu-
ration/exclusion of a lung base or apex and presence of sig-
nificant rotation. Specific imaging characteristics assessed 
were position of the inferior scapula tips with respect to 
the lateral rib shadows, location of the stomach gas bubble 
within the fundus, and medial or superior displacement of 
one or both breast shadows. If an endotracheal tube, enteric 
tube, or central venous catheter were present, we noted if the 
tube or line position could be assessed adequately, and if it 
was properly positioned.

The association between prone/supine and each variable 
was assessed using Fisher exact test. Significance level was 
set at p = 0.05. Sensitivity and specificity were also calcu-
lated for predicting prone position and provided with 95% 
confidence interval. Logistic regression analysis was used to 
estimate the joined effect of multiple variables with prone 
or supine positioning.

Results

Eighty-one patients were included in the study (Table 1). 
Mean age was 63 years (± 13) and 24/81 (30%) of patients 
were women. Prone and supine position were comparable for 
adequate imaging of the lung bases [prone 68/81 (81%) vs. 
supine positioning 73/81 (90%), p = 0.35] and apices [prone 
75/81 (93%) vs. supine positioning 76/81 (94%), p = 1]. 
Significant rotation was more common in prone radiographs 
[prone 29/81 (36%) vs. supine positioning 15/81 (19%), p 
= 0.021].

Table 1  Distinguishing features 
and limitations of prone and 
supine radiographs

Categorical variables compared with Fisher exact test

Prone Supine p-value

Patient number (N) 81 81
Base adequately imaged 68 (84%) 73 (90%) 0.350
Apex adequately imaged 75 (93%) 76 (94%) 1
Significant rotation 29 (36%) 15 (19%) 0.021
Scapula tip beyond rib border 72 (89%) 12 (15%) <0.001
Stomach gas bubble in fundus 36 (44%) 8 (10%) <0.001
Displaced breast shadow 11/24 (46%) 2/24 (8%) 0.008
Lines and tubes adequately imaged 177/178 (99%) 201/202 (99.5%) 1
 Endotracheal tube 67/67 (100%) 76/76 (100%) 1
 Enteric tube 65/66 (99%) 72/73 (99%) 1
 Central line 45/45 (100%) 53/53 (100%) 1

Malpositioned line or tube 21/178 (12%) 13/202 (6%) 0.073
 Endotracheal tube 10/67 (15%) 5/76 (7%) 0.170
 Enteric tube 10/66 (15%) 7/73 (10%) 0.438
 Central line 1/45 (2%) 1/53 (2%) 1
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Prone exams more frequently demonstrated one or both 
scapula tips located beyond the lateral rib border [prone 
72/81 (89%) vs. supine positioning 12/81 (15%), p < 0.001] 
and more frequently demonstrated a fundal stomach gas bub-
ble [prone 36/81 (44%) vs. supine positioning 8/81 (10%), 
p < 0.001; Fig. 1].

In women, a displaced breast shadow was more com-
mon with prone positioning [prone 11/24 (46%) vs. supine 
positioning 2/24 (8%), p = 0.008; Fig. 2]. To identify prone 
technique, scapular position was 89% sensitive (80–95%) 
and 85% specific (76–92%), fundal stomach bubble was 
44% sensitive (33–56%) and 90% specific (81–96%), and 

a displaced breast shadow was 46% sensitive (26–67%) 
and 92% specific (73–99%). Logistic regression analysis 
showed that a lateral scapular tip (OR 37.0, p < 0.001) and 
fundal stomach bubble (OR 3.7, p = 0.023) were both pre-
dictive of prone positioning when each was in the model. 
Among women, the association between breast shadow 
displacement and patient position was not statistically sig-
nificant (p = 0.4), with lateral scapular tip location and 
fundal stomach bubble being covariants.

Both techniques reliably assessed line and tube posi-
tion [prone 177/178 (99%) vs. supine positioning 202/203 
(99.5%)]. Prone exams trended toward a higher rate of a 

Fig. 1  Distinguishing features of prone and supine radiographs dem-
onstrated in a 61-year-old man. A, Prone radiograph demonstrates 
scapular tips (arrows) beyond the rib border and stomach gas bub-
ble (arrowhead) localized at the fundus. B, Supine radiograph of the 
same patient demonstrates medial positioning of the scapular tips 

(arrows) and absence of gas at the expected location of the fundus. 
Gas seen more inferiorly is likely within the body of the stomach 
(arrowhead). Endotracheal and enteric tubes are well visualized in 
both positions

Fig. 2  Distinguishing features of prone and supine radiographs for 
women demonstrated in a 64-year-old woman. A, Prone radiograph 
demonstrates medially displaced left breast shadow (arrowheads), in 
addition to scapula tips beyond the rib borders (arrows). B, Supine 
radiograph of the same patient demonstrates inferolateral positioning 

of breast shadows (arrowheads) and medial position of scapula tips 
(arrows); stomach gas bubble extends inferomedially, consistent with 
location in the gastric body. Endotracheal tube, enteric tube, and cen-
tral line are well visualized in both positions
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malpositioned line or tube [prone 21/178 (12%) vs. supine 
positioning 13/202 (6%), p = 0.07].

Discussion

During the COVID-19 pandemic, proning of critically ill 
patients has become widespread and portable radiographs 
may be obtained while the patient is prone. In the pre-
sent study, we found clear position-dependent differences 
between prone and supine portable chest radiographs. 
Scapular tip location beyond the rib border was most 
closely associated with prone positioning. When prone, 
the shoulders fall forward and the arms may be abducted, 
either of which will pull the scapulae laterally. The pres-
ence of a stomach gas bubble in the fundus was also asso-
ciated with prone positioning, given the expected move-
ment of gas to the most posterior location in the stomach; 
however, this finding is only helpful when a stomach bub-
ble is present. Lastly, displacement of one or both breast 
shadows in women occurred more when prone; however, 
this finding did not add predictive value on logistic regres-
sion analysis.

Image quality was similar between prone and supine 
positioning. Radiographs in either position were usually 
adequate to image the base and apex. Prone radiographs 
were more likely to have significant rotation, but this 
affected only a minority of exams. Most importantly, prone 
radiographs reliably visualized support devices, includ-
ing all endotracheal tubes and central lines. There was 
a trend toward more frequent line or tube malposition-
ing when patient was prone. This is not surprising, given 
the potential to dislodge devices during adjustment to the 
prone position [4–6] and underscores the need to evaluate 
support devices on prone radiographs.

The literature regarding radiography of prone patients 
is sparse. One publication from the era prior to widespread 
adoption of chest CT used prone position in stable patients 
to better evaluate the lungs in patients with pleural effu-
sions. Postero-anterior radiographs in the prone position 
resulted in improved visualization of the lung bases, in 
the setting of moderate pleural effusions. Interestingly, 
the authors also performed cross-table lateral radiographs 
while prone, providing clear images of the lower lobes 
and posterior costophrenic angles. Similar to our findings, 
they noted that most cases had lateral scapulae and fundal 
stomach bubble (although, unlike in our study, they did not 
quantify their frequency). They found the breast shadows 
were usually lateral to the lung field—this is in contrast 
to our results and likely because their more stable patients 
could be precisely positioned [9]. This study used proning 
for diagnostic purposes, in non-critical patients, and there-
fore differs from our population. Regarding proning for 

therapeutic purposes, there is a single case report which 
followed a prone ICU patient with serial radiographs and 
demonstrated loss of the cardiac borders [10]. The authors 
emphasized this could be due to dependent atelectasis, 
which occurs anteriorly in the prone patient and should not 
necessarily be interpreted as worsening lung disease. This 
emphasizes that caution should be applied when compar-
ing radiographs obtained in different positions, as changes 
in lung opacities may reflect technique rather than true 
change in disease extent.

Although prone radiography has not been assessed 
for critically ill patients or for COVID-19 patients spe-
cifically, other modalities of cardiothoracic imaging have 
been described for the prone position. Lung ultrasound, 
performed prior to and soon after proning, can predict 
response to proning in patients with ARDS due to COVID-
19 [11], although this has mixed results for patients with 
ARDS due to other causes [12, 13]. Lung ultrasound has 
also been used to grade severity of COVID-19 pneumonia 
for supine or prone patients [14]. Trans-thoracic echo-
cardiography has been studied more extensively, with a 
few small series establishing the feasibility of imaging 
prone COVID-19 patients [15–17]. Finally, case reports 
of COVID-19 patients have described use of prone chest 
CT [18, 19] and improved ventilation–perfusion matching 
while prone using electric impedance tomography [20].

Although potential benefits of proning were discovered 
as early as the 1970’s [2], improved outcomes and broader 
adoption are more recent developments [1]. The COVID-
19 pandemic has ushered in widespread use of proning 
for critically ill patients, with demonstrable benefit [7]. 
Understanding the imaging-related benefits and drawbacks 
for prone patients has therefore recently become particu-
larly relevant. Proning is likely to remain part of the man-
agement for acute lung injury, whether from COVID-19 
or other causes.

Our patient cohort was collected over several months 
across numerous hospitals. However, limitations of the study 
include potential institution-specific practices or technolo-
gist labeling error. Subjective assessment of image quality is 
also a limitation, which was addressed by involving multiple 
readers.

Recognition of the chest radiographic features of pron-
ing should aid in interpretation of routine imaging in such 
patients, as in many instances the images are not specifically 
labeled. Physicians should take into account any change in 
position when comparing to prior exams. Critical care teams 
can be assured that prone radiographs do not diminish the 
ability to assess line placement.
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