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ABSTRACT

Background: Diaphragmatic elevation is among the earliest compensatory changes following lung

resection; however, its extent and duration remain inadequately defined.

Materials and Methods: A retrospective analysis was conducted on 198 patients who underwent surgical
treatment for non-small cell lung cancer between January 2022 and June 2023. Of these, 102 patients who
underwent upper or lower lobectomy were included in the study. Diaphragmatic position was assessed
using chest radiographs obtained preoperatively and on postoperative days 1, 10, and 30. Measurements
were performed by independent radiologists and compared according to surgical approach (VATS vs.

thoracotomy), lobectomy location (upper vs. lower), and operative side (right vs. left).

Results: Significant diaphragmatic elevation was observed on the first postoperative day and persisted
through day 10. The mean difference between preoperative and postoperative day 1 measurements was
29.16 £ 12.93 mm (p < 0.0001). Partial recovery was noted by day 10 (p <0.001). Both hemidiaphragms
showed similar patterns, although the right hemidiaphragm demonstrated greater recovery. No
significant associations were identified between diaphragmatic elevation and surgical approach,

lobectomy location, or laterality (p > 0.05 for all comparisons).

Conclusions: Diaphragmatic elevation represents a normal anatomical adaptation in the early
postoperative period following lung resection. Defining its expected extent and duration may facilitate
the early recognition of postoperative complications. Larger-scale studies are warranted to establish

definitive reference criteria for postoperative diaphragmatic elevation.
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Introduction

Lung cancer remains one of the most frequently diag-
nosed malignancies worldwide, with an estimated 2.48
million new cases annually. It is also the leading cause
of cancer-related mortality, accounting for approxi-

mately 1.79 million deaths each year [1,2].

For patients with early-stage non-small cell lung can-
cer (NSCLC), surgical resection is the primary treatment
modality and the cornerstone of thoracic oncologic sur-
gery. Lobectomy with ipsilateral mediastinal lymph node
dissection is considered the gold standard surgical ap-
proach for NSCLC [3]. In addition to lobectomy, other
procedures such as bilobectomy, sleeve lobectomy, and
pneumonectomy may be performed; in addition, sub-
lobar resections, including segmentectomy and wedge
resection, are also indicated in selected cases [4-6]. In
patients with locally advanced NSCLC, radical resection
may be extended to involve adjacent structures such as
the chest wall, major vessels, or the atrium [7].

Lung resections result in notable anatomical chang-
es, including narrowing of the intercostal spaces, me-
diastinal shift toward the operated side, diaphragmatic
elevation, and compensatory expansion of the contralat-
eral lung [8]. These alterations are often visible on post-
operative imaging and must be distinguished from path-
ological findings to avoid misdiagnosis and to promptly
identify potential complications.

The aim of this study was to investigate the extent
and duration of diaphragmatic elevation following lo-
bectomy and to evaluate variations based on surgical
side and type of resection. By defining normative post-
operative patterns of diaphragmatic elevation, we seek
to contribute to the early detection of postoperative

complications.
Materials and Methods

This study was designed as a retrospective observational
analysis. Between January 1,2022, and June 30, 2023, a
total of 198 patients who underwent surgical treatment
for non-small cell lung cancer (NSCLC) at our institu-
tion were retrospectively reviewed. Patients who un-
derwent segmentectomy (n = 16), wedge resection (n =
12), middle lobectomy (n = 7), bilobectomy (n = 11), or
pneumonectomy (n = 8), as well as those with prolonged
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postoperative air leak (n = 9), those requiring reoperation
(n = 6), or those who received neoadjuvant or adjuvant
chemotherapy (n = 18) or chemo-immunotherapy (n=9),
were excluded. A total of 102 patients, including 63 fe-
male, met the inclusion criteria and were included in the
final analysis. The study was conducted in accordance
with the Declaration of Helsinki and ethical approval was

obtained from the institutional review board.
Chest X-ray evaluation

The diaphragmatic position was evaluated using stan-
dard upright posteroanterior chest radiographs obtained
during full inspiration at four time points: preoperative-
ly (within one week prior to surgery) and on postopera-
tive days 1, 10, and 30. Independent radiologists, blind-
ed to clinical information and surgical details, measured
the vertical distance (in millimeters) from the highest
point of the hemidiaphragm to the thoracic apex on the
ipsilateral side. Diaphragmatic elevation was compared
across subgroups according to surgical approach (VATS
vs. thoracotomy), operative side (right vs. left), and lo-
bectomy location (upper vs. lower).

All radiographs were acquired with patients standing
in full inspiration and facing the cassette. The x-ray tube
was positioned 6 feet behind the patient, and patients
were instructed to hold onto handles beside the cassette
to move their arms away from the chest. Images were
obtained during deep inspiration [9].

Outcome measures

The primary outcome measure was the change in the
vertical distance from the diaphragm apex to the tho-
racic apex across time points. As illustrated in Figure
1, measurements were taken from chest radiographs at
four time points: preoperative (A), postoperative day
1 (B), day 10 (C), and day 30 (D). Differences in dia-
phragm position were calculated between the following
pairs: day 1 vs. preoperative, day 10 vs. preoperative,
day 30 vs. preoperative, day 10 vs. day 1, day 30 vs. day
1, and day 30 vs. day 10.

Statistical Analysis

Statistical analyses were conducted using Py-
thon (version 3.12.4) with the pandas (2.2.3), NumPy
(1.26.4), SciPy (1.11.4), Matplotlib (3.10.1), and Sea-

born (0.13.2) libraries. For each timepoint comparison,
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normality and variance homogeneity were assessed be-
fore selecting the appropriate statistical test. The Shap-
iro-Wilk test was used to assess normality, and Levene’s
test was employed to evaluate homogeneity of varianc-
es. For normally distributed data, paired t-test was used
for within-subject comparisons, and independent t-test
(or Welch’s modification for unequal variances) for be-
tween-group comparisons. For non-normally distribut-
ed data, the Wilcoxon signed-rank test (paired samples)
and the Mann-Whitney U test (unpaired samples) were
applied. One-sample comparisons against reference
values were done by t-test or Wilcoxon test, depending
on the distribution.

Subgroup analyses were performed according to
surgical technique (VATS vs. thoracotomy), lobectomy
location (upper vs. lower), and operative side (left vs.
right). Statistical significance was set at p < 0.05. Sig-
nificance levels in figures are denoted as follows: *p <
0.05, **p <0.01, and ***p < 0.001.

Results were visualized using bar charts with stan-
dard deviation error bars. Comparative analyses were
presented using side-by-side visualizations with direct
statistical annotations. Where applicable, dual y-axes
were used to display both absolute distances and per-
centages normalized to preoperative values. All statis-
tical comparisons between time points and subgroups

were annotated in the corresponding figures.
Results

Between January 1, 2022, and June 30, 2023, we retro-
spectively analyzed 102 consecutive patients who un-
derwent pulmonary lobectomy for non-small cell lung
cancer at our institution. As detailed in Table 1, the study
population included 63 females (61.8%) and 39 males
(38.2%). Video-assisted thoracoscopic surgery (VATS)
was performed in 71 patients (69.6%), while conven-
tional thoracotomy was used in 31 cases (30.4%). The
right hemithorax was involved in 69 procedures (67.6%)
and the left in 33 (32.4%). Upper lobectomy was the
most common procedure (71 patients, 69.6%), followed
by lower lobectomy (31 patients, 30.4%).

Changes in diaphragm position

Figure 1 displays representative chest radiographs dem-
onstrating the positional changes of the diaphragm rela-
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tive to the thoracic apex. Figure 1A shows the preopera-
tive baseline position. On postoperative day 1 (Figure
1B), marked diaphragmatic elevation is evident. Chang-
es observed on day 10 (Figure 1C) and on day 30 (Fig-

ure 1D) are also shown.

Figure 2A presents the mean vertical distance from
the diaphragm apex to the thoracic apex at each time
point. The baseline preoperative value (214.19 + 24.92
mm) significantly decreased on postoperative day 1
(185.03 £20.01 mm; 86.39% of baseline; p <0.01). On
day 10, a modest increase was recorded (190.52 +20.71
mm; 88.95% of baseline), which remained significantly
lower than preoperative values (p < 0.001) but higher
than day 1 (p < 0.05). Day 30 measurements (189.53 +
20.54 mm; 88.49% of baseline) were also significantly
reduced compared to baseline (p < 0.001) and differed
significantly from day 1 (p < 0.05).

Figure 2B illustrates the magnitude of change across
intervals. The most pronounced elevation occurred im-
mediately after surgery, with a mean diaphragm eleva-
tion of 29.16 £ 12.93 mm from baseline to day 1 (p <
0.0001). A partial recovery of 5.49 + 9.55 mm occurred
between days 1 and 10 (p < 0.0001), and 4.50 + 8.35
mm from day 1 to day 30 (p < 0.0001). No significant
difference was detected between days 10 and 30 (-0.99
+5.37 mm; p > 0.05).

Table 1. Baseline characteristics of the patients and
the procedures.

Characteristics n=102
Age (years), mean+SD  60.8 +£12.9
Sex

Female 63 (61.8%)
Male 39 (38.2%)
Surgical Approach

VATS 71 (69.6%)
Thoracotomy 31 (30.4%)
Operation Side

Left hemithorax 33 (32.4%)
Right hemithorax 69 (67.6%)
Lobectomy Location

Upper lobectomy 71 (69.6%)
Lower lobectomy 31 (30.4%)

Unless otherwise stated, data presented as number (percentage).
VATS, video-assisted thoracoscopic surgery



Figure 1. Representative chest radiographs showing diaphragm po-

sition changes following surgery. Serial chest radiographs demon-
strate changes in diaphragm position relative to the thoracic apex.
Preoperative baseline (A), postoperative day 1 (B), postoperative

day 10 (C), postoperative day 30 (D).
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Figure 2. Quantitative analysis of diaphragm position changes over
time following surgery. Bar graph showing the mean distance (+ SD)
from diaphragm apex to thoracic apex at preoperative baseline and
postoperative days 1, 10, and 30. Left y-axis shows distance in milli-
meters; right y-axis displays percentage of preoperative baseline value
(red dashed line = 100%). Brackets indicate statistical comparisons
between time points with corresponding p-values (A), bar graph show-
ing diaphragm position changes between time points. Negative values
(red bars) represent diaphragm elevation relative to the compared time
point; positive values (blue color bars) represent diaphragm descent

(recovery). Error bars show standard deviation (B).
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Left versus right hemidiaphragm

Figure 3A shows the quantitative analysis of diaphragm
apex to thoracic apex distance on the left (n =33) and right
(n = 69) sides across all time points. Preoperatively, the
right hemidiaphragm exhibited higher distance (215.67 +
25.13 mm) than the left (211.09 +24.57 mm), but the dif-
ference was not statistically significant (p > 0.05).

On postoperative day 1, both sides exhibited significant el-
evation-183.12 + 19.38 mm (left, 86.75% of baseline) and
185.94 +20.38 mm (right, 86.22% of baseline)-with no sig-
nificant side-to-side difference (p > 0.05). By day 10, the
right hemidiaphragm exhibited higher distance, but without
a statistically significant difference (192.35 + 20.82 mm vs.
186.70 + 20.24 mm; p > 0.05). Similar findings were ob-
served on day 30: 190.87 + 20.85 mm (right) and 186.73
+ 19.89 mm (left; p > 0.05). Overall, diaphragm elevation
patterns were bilaterally proportional with no statistically
significant differences at any time point (p > 0.05).

As shown in Figure 3B, both sides experienced sig-
nificant diaphragmatic elevation compared to preop-
erative values. The most substantial changes were seen
on day 1: -27.97 £ 11.06 mm (left) and -29.72 + 13.77
mm (right; p < 0.001 for both). This persisted on day
10 (left: -24.39 + 11.33 mm; right: -23.32 + 13.35 mm;
p <0.001) and day 30 (left: -24.36 + 10.98 mm; right:
-24.80 + 13.49 mm; p < 0.001).

In Figure 3B, analysis of recovery patterns between
consecutive time points revealed significant improve-
ment in diaphragm position from day 1 to day 10 on
both sides: 3.58 + 9.60 mm for the left (p < 0.05) and
6.41 £ 9.45 mm for the right (p < 0.001), with the right
side exhibiting more pronounced recovery. No signifi-
cant changes were observed between days 10 and 30
for either the left (0.03 = 2.82 mm, p > 0.05) or right
side (-1.48 = 6.19 mm, p > 0.05). Change in elevation
between day 1 and day 30 was significant for both the
left (3.61 + 8.49 mm, p < 0.05) and right sides (4.93 =
8.31 mm, p < 0.001). Although both sides showed im-
provement during this period, the diaphragm position
remained significantly elevated compared to preopera-
tive measurements on day 30. Notably, the right side
exhibited a more statistically significant degree of re-
covery between day 1 and day 30 (p <0.001) compared
to the left side (p < 0.05).
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A) Left vs Right Side: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time
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Figure 3. Comparison of left versus right hemidiaphragm positions and
changes over time. Bar graph comparing the distance from diaphragm apex
to thoracic apex between left (blue color) and right (salmon color) sides at pre-
operative baseline and postoperative days 1, 10, and 30. Left y-axis shows dis-
tance in millimeters; right y-axis displays percentage of preoperative baseline
value (red dashed line = 100%) (A), bar graph showing the magnitude and
direction of diaphragm position changes between time points for left (blue
color) and right (salmon color) sides. Negative values represent diaphragm
elevation; positive values represent diaphragm descent (recovery). Error bars
show standard deviation. Statistical significance is indicated by asterisks (* p
<005; #* p<001; *** p <0.001; NS = not significant) (B).

Comparison by surgical approach

Figure 4A compares diaphragm position by surgical ap-
proach. Baseline values for diaphragm-to-thoracic apex dis-
tance were comparable between the VATS (213.73 + 2438
mm) and thoracotomy groups (21523 +26.49 mm; p>0.05).

In Figure 4A, both groups demonstrated a similar pat-
tern of diaphragm elevation following surgery. On day
1, elevation occurred in both groups (VATS: 184.73 +
20.13 mm, 13.6% reduction; thoracotomy: 185.71 +
20.03 mm, 13.7% reduction), with no significant differ-
ence (p > 0.05) (Figure 4A).

At postoperative day 10, partial recovery of diaphragm
position was observed in both groups, with mean dis-
tances of 191.01 + 20.05 mm in the VATS group and
189.39 + 22.44 mm in the thoracotomy group, corre-
sponding to 89.4% and 88.0% of preoperative values,
respectively. No significant difference was found be-
tween the two surgical approaches (p > 0.05).

53

By postoperative day 30, the diaphragm position mea-
sured 189.72 +20.00 mm in the VATS group and 189.10 +
22.06 mm in the thoracotomy group, representing 88.8%
and 87.9% of baseline values, respectively. Again, no sig-
nificant difference was observed between the groups (p >
0.05). These findings suggest that the choice of surgical
approach (VATS or thoracotomy) did not significantly af-
fect the extent of postoperative diaphragm elevation or its
recovery pattern over the 30-day follow-up period.

Figure 4B illustrates diaphragmatic changes within and
between time points by surgical technique. Both groups
showed significant decreases in distances from baseline on
all postoperative days (VATS: -29.00 + 12.49 mm, -22.72 +
11.74 mm, -24 01 + 12.25 mm; thoracotomy: -29.52 + 14.08
mm,-25.84 + 14,62 mm, -26.13 + 13.72 mm; all p < 0.001).

In Figure 4B, both groups exhibited significant partial
recovery of diaphragmatic elevation between postop-
erative day 1 and subsequent time points. In the VATS
group, the diaphragm position improved by 6.28 + 9.63
mm between days 1 and 10 (p < 0.001) and by 4.99 +
8.58 mm between days 1 and 30 (p < 0.001). Similarly,
the thoracotomy group demonstrated significant recov-
ery, with increases of 3.68 £ 9.24 mm from day 1 to day
10 (p < 0.05) and 3.39 + 7.80 mm from day 1 to day
30 (p < 0.05). No significant change occurred between
days 10 and 30 in either group (VATS: -1.30 £ 5.58 mm;
thoracotomy: -0.29 + 4.88 mm; p > 0.05) (Figure 4B).

A) VATS vs Thoracotomy: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time
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Figure 4. Comparison of diaphragm position changes between
VATS and thoracotomy surgical approaches. Bar graph comparing
the distance from diaphragm apex to thoracic apex between VATS

(blue color) and thoracotomy (salmon color) groups at preoperative



baseline and postoperative days 1, 10, and 30. Left y-axis shows
distance in millimeters; right y-axis displays percentage of pre-
operative baseline value (red dashed line = 100%) (A), bar graph
showing the magnitude and direction of diaphragm position changes
between time points for VATS (blue color) and thoracotomy (salmon
color) groups. Negative values represent diaphragm elevation; posi-
tive values represent diaphragm descent (recovery). Error bars show

standard deviation. Statistical significance is indicated by asterisks

(*p<0.05; ** p<0.01; ** p <0.001; NS = not significant) (B).
Upper vs. lower lobectomy

In Figure 5A, the distance from the diaphragm apex to
the thoracic apex was compared between patients who
underwent upper lobectomy (n = 71) and those who un-
derwent lower lobectomy (n = 31), at four time points.
At baseline, both groups exhibited similar preoperative
diaphragm positions (upper: 214.79 + 25.34 mm; lower:
212.81 £24.27 mm; p > 0.05).

On postoperative day 1, both groups demonstrated
significant decreases in diaphragm-to-thoracic apex dis-
tance, indicating diaphragmatic elevation. The mean dis-
tances were 184.83 + 20.56 mm for the upper lobectomy
group and 18548 = 19.00 mm for the lower lobectomy
group, with no statistically significant difference between
them (p > 0.05). This pattern persisted on day 10 (upper:
190.90 +20.69 mm; lower: 189.65 +£21.07 mm; p >0.05)
and day 30 (upper: 190.80 + 20.80 mm; lower: 186.61 +
19.95 mm; p > 0.05). Notably, by day 30, neither group
had returned to their baseline diaphragm position, with
the diaphragm-to-apex distance remaining at approxi-
mately 89% of the preoperative value in the upper lobec-
tomy group and 88% in the lower lobectomy group.

Figure 5B presents the changes in diaphragm elevation
across time points for upper and lower lobectomy patients.
Both groups showed highly significant diaphragmatic
elevation immediately after surgery, with diaphragm-to-
thoracic apex distance decreases of -29.96 + 12.58 mm in
the upper lobectomy group and -27.32 + 13.73 mm in the
lower lobectomy group (p < 0.001, for both). This eleva-
tion persisted through postoperative days 10 and 30, with
measurements remaining significantly different from base-
line in both groups (all p < 0.001).

Between days 1 and 10, both groups exhibited statis-
tically significant recovery: 6.07 = 8.73 mm for the up-
per lobectomy group (p < 0.001) and 4.16 + 11.24 mm
for the lower lobectomy group (p < 0.05) (Figure 5B).
However, a notable difference emerged between days 1
and 30. The upper lobectomy group showed continued
significant improvement (5.97 + 8.47 mm, p < 0.001),
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whereas the lower lobectomy group demonstrated a
smaller, statistically non-significant change (1.13 +7.10
mm, p > 0.05). Between days 10 and 30, neither group
showed significant recovery (upper: -0.10 = 3.77 mm, p
> 0.05; lower: -3.03 £ 7.60 mm, p > 0.05).

A Upper vs Lower Lobectomy: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time
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Figure 5. Comparison of diaphragm position changes between upper
and lower lobectomy procedures. Bar graph comparing the distance
from diaphragm apex to thoracic apex between upper lobectomy (blue
color) and lower lobectomy (salmon color) groups at preoperative
baseline and postoperative days 1, 10, and 30. Left y-axis shows dis-
tance in millimeters; right y-axis displays percentage of preoperative
baseline value (red dashed line = 100%) (A), bar graph showing the
magnitude and direction of diaphragm position changes between time
points for upper lobectomy (blue color) and lower lobectomy (salmon
color) groups. Negative values represent diaphragm elevation; posi-
tive values represent diaphragm descent (recovery). Error bars show
standard deviation. Statistical significance is indicated by asterisks (*

p <0.05; ** p <0.01; **¥* p <0.001; NS = not significant) (B).
Discussion

Lung cancer remains the leading cause of cancer-related
mortality worldwide. According to GLOBOCAN 2022,
there were approximately 2.48 million new cases and
1.81 million deaths attributed to lung cancer, reflecting
a nearly 20% increase in incidence compared to previ-
ous data [1,10]. Surgical resection remains the corner-
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stone of treatment for stage I and II non-small cell lung
cancer (NSCLC) [11,12]. Consequently, the growing
incidence of lung cancer and the increased application
of surgical management have led to a greater number of
patients undergoing lung resection.

Postoperative follow-up in these patients who have
undergone lung resection typically begins with chest ra-
diographs, while computed tomography (CT) is more
commonly used for evaluating recurrence and late com-
plications. Radiological findings in the early postopera-
tive period often reflect expected anatomical adapta-
tions to lung resection, such as minor pneumothorax or
hydropneumothorax, parietal emphysema, hemithorax
retraction. Over few days to weeks, additional com-
pensatory changes include expansion of the remaining
lung lobes, blunting of the costodiaphragmatic angle,
and elevation of the diaphragm and hilar structures, as
well as a mediastinal shift towards the operated side
[5]. These changes result in progressive anatomical
modifications of the thoracic cavity depending on the
type of resection. Correct interpretation of these normal
postoperative radiological findings is essential to avoid
misdiagnosis and to detect early complications [13]. For
instance, excessive diaphragmatic elevation may sug-
gest phrenic nerve injury, whereas insufficient elevation
may point to complications such as pneumothorax, he-
mothorax, or expansion defects.

Following lung resection, the diaphragm rapidly
adapts to the changing thoracic volume, resulting in
early elevation. However, this phenomenon is largely
assessed subjectively, and there is no widely accepted
quantitative standard for its evaluation [14]. Further-
more, the expected duration and extent of diaphragmatic
elevation have not been clearly defined in the literature.
In our study, we observed that most of the compensa-
tory diaphragmatic elevation occurred within the first
10 postoperative days (Figures 2A, B).

The diaphragm is a striated muscle that separates the
thoracic and abdominal cavities, attaching from the xi-
phoid process of the sternum to the 7th through 12th ribs,
with a central tendon shaped like adome. Its primary func-
tion is assisting ventilation [9,15,16]. On a posteroante-
rior chest X-ray, the dome of the diaphragm is positioned
at the level of the 5th to 7th ribs along the midclavicular
line. In most individuals, the right hemidiaphragm lies
1.5 to 2.5 cm higher than the left hemidiaphragm [9,17].
Diaphragmatic eventration is defined as abnormal eleva-
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tion of a portion or the entire hemidiaphragm due to loss
of muscle or nerve function, while anatomical continu-
ity is preserved [18]. This condition is typically partial,
involving one-third to one-half of the hemidiaphragm,
and appears radiographically as a smoothly contoured
elevation. Eventration is more frequently observed on
the left side but may progress to total diaphragmatic el-
evation over time [9]. Diaphragmatic elevation observed
after thoracic surgery is caused by the retraction of the
hemithorax, whereas diaphragmatic elevation develop-
ing after cardiac surgery is due to phrenic nerve damage
and the mechanism of occurrence is completely different
[19]. In our study, compensatory elevation was signifi-
cantly greater on the right side (Figure 3B).

Although lung resection has traditionally been per-
formed via thoracotomy, advances in camera systems
and surgical instruments have improved the feasibility
of video-assisted thoracic surgery (VATS), allowing for
smaller incisions, shorter operative times, and enhanced
safety. Consequently, the use of VATS has become in-
creasingly common [10]. Thoracoscopic surgery offers
several advantages, including shorter hospital stays, re-
duced chest tube duration, lower postoperative pain, bet-
ter preservation of pulmonary function, decreased cyto-
kine release, and a lower overall complication rate [11].
In our study, no significant effect of surgical technique on
diaphragmatic elevation was observed (Figure 4B). The
diaphragm movement that develops due to thoracic sur-
gery is a compensatory elevation, it is not affected by the
inflammatory response created by the surgical technique.

In conclusion, diaphragmatic elevation in patients
undergoing lung resection occurs predominantly on the
first postoperative day and continues until approximate-
ly day 10. The absence or excessive presence of this el-
evation may serve as a supportive indicator for the early
detection of postoperative complications. Large-scale
studies are needed to determine the standardization of
postoperative diaphragm elevation.
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