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The accuracy of C-ARM in evaluating pelvic
incidence and lumbar lordosis during surgery
compared with EOS radiography after lumbar
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Abstract

Background Achieving the global spinal alignment, especially the pelvis, in spine surgeries is considered the most
important factor in the success of these surgeries, which requires an accurate evaluation of the correction angles
measured during surgery. This study aimed to evaluate the accuracy of the mobile C-arm X-ray machine (C-ARM) for
measuring lumbar lordosis (LL) and pelvic incidence (Pl) parameters during lumbar fixation.

Methods In this prospective study, 59 lumbar fixation candidates who underwent surgery between 2020 and 2022
at our medical center, were examined. Pl and LL parameters were measured at the fusion site with fluoroscopy, during
surgery with C-ARM, and after surgery with EOS locally.

Results The mean age was 54.69+ 17.62 years. 42 (71.2%) were female. The mean Pl based on intraoperative
C-ARM and post-surgery EOS findings were 54.57+11.19 and 54.83 + 11.17, respectively, which this difference was
not statistically significant (P=0.9). The mean LL estimate based on C-ARM and EOS findings was similar (P: 0.44).A
significant positive linear correlation was observed for the mean Pl (r: 0.97, p: 0.001) and LL (r: 0.99, p: 0.001).

Conclusion The mean Pland LL angle during operation (measured with C-ARM) was similar to the mean of these
parameters in EOS imaging findings after surgery. C-ARM can be used as a convenient device in the operating room
with high precision to measure Pl and LL values in spine surgeries.
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Introduction

Maintaining balance in any position of the body is one of
the most important functions of the spine [1]. To achieve
this goal, more than a good interaction between muscles,
ligaments, and spine is needed, and the position of the
pelvis and lower limbs is also critical to maintain this bal-
ance [1, 2].

From a sagittal point of view, global balance is gener-
ally defined by a perpendicular starting from the cen-
ter of the seventh cervical vertebra and intersecting the
posterior edge of the S1 cover plate [1, 3]. Considering
that the position of the pelvis is in line with the spine, it
is considered one of the important factors to maintain
this position with the least possible force [4, 5]. Recent
studies have shown that the spine’s balance is particularly
important in the surgical treatment of various vertebral
abnormalities, especially in lumbar fusion [4, 6-8].

Pelvic incidence (PI), pelvic tilt (PT), lumbar lordo-
sis (LL), sacral tilt (SS), sagittal vertical axis (SVA), spi-
nal curvature, and thoracic kyphosis (TK) are the most
important key parameters related to global sagittal bal-
ance, which should be considered during spine surger-
ies [1]. PI as a morphological parameter is an individual
variable independent of body condition, which increases
in the age range of 4 to about 18 years and then remains
stable at older ages [9, 10].PI is the angle between the
tangent line on the upper-end plate of the s1 vertebra and
the line that connects from the middle point of this line
to the center of the femoral head. Therefore, this angle
will not change by changing the patient’s position [9, 11].

Lumbar global lordosis is the angle formed between
the tangent line on the upper-end plate of the L1 vertebra
and the tangent line on the lower-end plate of the L5 ver-
tebra. Local lumbar lordosis is an angle formed between
the tangent line on the upper-end plate of the highest
lumbar vertebra and the tangent line on the lower-end
plate of the lowest lumbar vertebra.

The position of the pelvis and other pelvic param-
eters (PT, SS) are influenced by PI, and the curvature of
the spine is adapted accordingly. The expression of LL
depends on the size of PI, and if there is a higher PI level,
SS increases, leading to an exacerbation of lumbar lordo-
sis. At low values of PI, lumbar lordosis decreases as SS
decreases. The standard value for hip extension is defined
as 53+ 9 degrees [12, 13].

Spine fusion surgery is one of the most commonly
used orthopedic surgeries in the spine area, which is per-
formed to correct or treat a wide range of spine diseases,
which should be paid special attention to correction val-
ues and angle measurements [14, 15]. Radiography dur-
ing surgery in the prone position with the mobile C-arm
X-ray machine (C-ARM device) and after surgery in the
standing position with the EOS device are among the
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most important tools for measuring angles in spine sur-
geries [15, 16].

Examining the correlation between PE and LL values
can help estimate the values of correction angles during
spinal fusion. Based on our knowledge, no study has eval-
uated the relationship between these indicators in the
two CRM and EOS methods. We aimed to investigate the
accuracy and correlation of PI and LL values measured
intraoperatively with the C-ARM and after surgery with
the EOS imaging.

Methods

This prospective study examined 87 patients who were
candidates for lumbar fixation who underwent sur-
gery between 2020 and 2022 at our medical center. Two
parameters of PI and LL were measured for all patients
during the surgery (using a C-ARM device) and imme-
diately after the surgery with EOS imaging. Fifty-nine
patients were included in the study.

Inclusion and exclusion criteria

Inclusion criteria included patients with spinal disorders
and candidates for lumbar fixation, access to EOS find-
ings after surgery, and informed consent to participate.
Inability to perform radiography with EOS, patients
whose head was not visible during fluoroscopy, and
patients with a history of hip arthroplasty were defined as
exclusion criteria.

Data collection

Surgery and measurement of parameters were performed
routinely for patients, and the researcher had no inter-
vention in the study process. The researcher collected all
data using a checklist, including demographic character-
istics of the patients (age and gender) and radiographic
findings during and after surgery (mean PI and LL based
on both EOS and C-ARM methods). Intraoperative LL
values were measured locally. In other words, only LL
was measured in the part of the lumbar spine subjected
to fixation. In both C-ARM and EOS methods, angles
were measured by a spine fellowship and an orthopedic
specialist. The mean of the measured values was taken
and recorded as the final value of these angles in the final
checklist. The correction amount needed in each param-
eter was determined based on the comparison with the
parameters measured before surgery.

Radiological measurement

Routinely, for all these patients, radiographs were per-
formed during surgery in the prone position with the
C-ARM device and after the surgery in the standing posi-
tion with the EOS device. To measure PE and LL param-
eters during the operation, a radiograph is prepared from
the fusion site of the lumbar region and transferred to the
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smartphone. If the entire lumbar fusion area is displayed
on the C-ARM device monitor, the LL angle is calculated
with the SURGIMAP version 1.2.1.70 in the next step
[17]. If the entire fusion area is not visible on the C-ARM
monitor, a spot view is taken from the beginning of the
fusion site. Then, the smartphone and the Measure appli-
cation set it to zero degrees. Then, the C-ARM device
is moved parallel to the end of the fusion site without
changing the angle and at the same distance, and a spot
view is taken with the same mobile smartphone and the
same Measure application, and the LL is calculated. In
the same prone position, a spot view radiograph of the
pelvic region is performed with the same C-ARM device
so that the sacrum and the head of both femurs are visible
in that view, and then it is transferred to the smartphone.
The PI angle is calculated with the SURGIMAP applica-
tion in the next step. Also, after surgery, EOS imaging is
performed for all patients with a view of the entire spine
length. LL angle in the fixation area is entirely measured
by the same method used during surgery for each patient.
PI angle is measured with the SURGIMAP application
[17]. The method of measuring LL is shown in Fig. 1.

In order to ensure accurate measurements during sur-
gery, it was essential to keep the patient fixed in position.
However, we deliberately avoided making any positional
corrections or adjustments to the patient’s position using
the operating table. This approach allowed us to maintain
a stable and consistent alignment throughout the proce-
dure, ensuring reliable measurements without altering
the patient’s posture.

All personnel involved in the study received detailed
instructions on the use of both C-ARM and EOS radi-
ography applications. We used the iOS ‘Measure’ appli-
cation to measure our parameters on C-ARM. Before
utilizing this app, we conducted a thorough comparison
of its accuracy with a goniometer to measure angles,
ensuring its reliability for our study. This prior validation
step helped us understand the accuracy of the application
and standardize the measurements, minimizing potential
discrepancies during data collection.

To calibrate the C-arm, we used a protractor in con-
junction with a fixed 90-degree calibration tool to ensure
consistent and accurate imaging angles throughout
the study. This setup allowed us to verify and maintain
proper alignment during all measurements. All mea-
surements were performed by experienced orthopedic
surgeons, eliminating the need for additional operator
training. To ensure quality control and reliability, each
measurement was conducted multiple times by the same
surgeon to minimize variability and confirm consistency.

Sample size collection
The appropriate sample size for this study was estimated
to be 52 patients with an estimated effect size of 0.61 for
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the correlation of sagittal balance parameters measured
intraoperatively with the C-arm and imaging based on
the study by AJ Praeger et al., [18] with an alpha error of
5% and a power of 80% by epidemiologists using G Power
version 3.1 software. To increase the power of the study,
59 patients were included.

Statistical analysis

Data were analyzed with SPSS software version 22.
Quantitative data were reported as Mean+ SD. Quali-
tative data were reported with frequency and (%). The
Kolmogorov-Smirnov test evaluated the normality of the
mean distribution of quantitative variables. Assuming
normality, two measurement methods used an indepen-
dent t-test to compare the mean of quantitative variables.
If normality was not established, the Mann-Whitney test
was used. The chi-square test was used to compare quali-
tative variables. The correlation of LL and PI parameters
in the two methods was evaluated with the Pearson cor-
relation coefficient. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

Fifty-nine patients were examined. 42 (71.2%) of the
patients were women. The mean age of the patients was
54.69+17.62 years (range 11 to 85 years). 13 (22%) of
the patients were less than 50 years old. The most com-
mon cause of surgery in patients was canal stenosis. The
demographic characteristics of the patients are summa-
rized in Table 1.

Pland LL based on C-ARM and EOS

No significant difference was observed for mean PI based
on intraoperative C-ARM and EOS findings after surgery
(P: 0.9). Although the mean LL based on C-ARM was
almost 2 degrees higher than EOS, this difference was not
statistically significant (P: 0.44). (Table 2) A significant
positive linear correlation was reported for both param-
eters. (Fig. 2)

Discussion

In recent years, studies have shown that restoring sag-
ittal balance is one of the factors affecting success after
surgery, which can be achieved by carefully evaluating
the corrected angles during orthopedic surgeries, espe-
cially spine surgeries [18]. Since in spine surgeries, angle
measurement is measured during surgery in the prone
position and may differ from the results after surgery,
especially for the LL parameter, accurate measurement
of the parameters is still one of the challenges. There-
fore, access to a simple and accurate tool during surgery
can affect the results of these surgeries. C-ARM is the
most widely used device used in the operating room to
check fusion; therefore, considering the importance of
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Fig. 1 Intraoperative Measurement of Pelvic Incidence (Pl) and Lumbar Lordosis (LL): Outlining the steps and techniques used during surgery. Image
1: Initial C-ARM Position: Positioning at the level of the femoral head and sacrum for the first shot to obtain baseline measurements. Image 2: Adjusted
C-ARM Position: Moving the C-ARM caudally for a comprehensive lumbar spine evaluation. Images 3 & 4: i0OS Measure App Use: Demonstrating the ap-
plication setup and the angle measurement process

the subject, this study aimed to investigate the correla-
tion of LL and PI parameters measured during surgery
with the C-ARM device with accurate measurements of
these parameters after the operation performed by the
EOS device, on 59 patients who are candidates for spine
surgery.

Based on the results of our study, the majority of
patients were female and in the age range of over 50
years. Comparing the findings of C-ARM with EOS for

measuring PI showed that the mean PI was almost the
same in both methods, and the correlation coefficient
was close to 0.98. Although the mean LL in the C-ARM
method was slightly higher than EOS, this difference was
not statistically significant, and the correlation coefficient
of this index was close to 1 in the two methods. In other
words, for both PI and LL indices, C-ARM values were
similar to those estimated with EOS. C-ARM can mea-
sure values with high accuracy during operation. The
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Table 1 Demographic characteristics of patients

variable 59 patients
Age (year) 5469+ 17.62
Age Group

« <50 13(22%)
«>5 46(78%)
BMI(kg/m?) 262+26
Gender

- Male 17 (28.8%)

- Female 42(71.2%)
Type of Surgery-

-« PSF 56(94.9%)

« PSF+ASF 3(5.1%)
Diagnosise

- Canal stenosis 28(47.5%)

- Congenital scoliosis 3(5.1%)

- Listesis Lumbar 22(37.3%)

- Idiopathic adolescent scoliosis 4(6.8%)

- Congenital kyphosis 2(3.3%)

mean LL in the C-ARM method was nearly 2 degrees
higher than EOS, which can be justified due to the dif-
ference in the position in the two methods at the time of
measurement because in the C-ARM method, the patient
lies down in a prone position and is measured, but In
EOS, the person is evaluated in a standing position; how-
ever, this difference in the two methods was not statis-
tically significant and the two methods had the same

Page 5 of 7

estimation, which was consistent with the limited results
of studies conducted in this field [18].

Based on our knowledge, no study has evaluated the
correlation of PI and LL parameters based on two radio-
graphic methods, C-ARM and EOS, and we could not
compare the results of this study with similar and oppo-
site studies. However, M Kraus et al. [19] showed by eval-
uating the diagnostic accuracy of CT scan and C-ARM
in spine surgery, although the accuracy of intraopera-
tive CT scan is higher than C-ARM, especially in cases
of severe and complex spinal deformities, but according
to the progress made and the possibility of preparing 3D
radiographs, C-ARM can replace CT scan. In another
study, F Greimel et al., [1] evaluated postoperative sagit-
tal radiographic findings in standing radiographs com-
pared to intraoperative radiographs in the prone position
with C-ARM in lumbar spine fusion surgery with eighty-
two patients. The values of the pelvic parameters PI, pel-
vic tilt, and sacral slope during the operation (measured
with C-ARM) or after the operation (EOS) were consis-
tent. They showed that the global average lordosis angle
during surgery was 32.6 + 7.8 degrees, and after surgery, it
was 29+ 10.8 degrees, and the difference was close to 3.5
degrees. The difference between the mean LL during and
after the operation was close to 2 degrees and was less
than in this study, which can be justified due to the dif-
ference in the measurement method in the two studies.

Table 2 Comparing the results of Pl and LL values based on two methods

Index Device Mean Difference 95% Cl Pvalue
C-ARM EOS (°)
Plo (Mean +SD) 5457+11.19 5482+11.17 0.25 -0.14,0.66 0.9
LLo(Mean+SD) 3261+15.07 3049+ 15.06 212 -0.12,4.24 044
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In our study, the LL angle was measured locally and only
in the surgical area, while in their study, they measured
it globally. However, they showed in their study that
the values measured during the operation had a good
accuracy.

In another study similar to our study, RA Lehman et al.
[20] by examining long-cassette radiograph values dur-
ing surgery and standing radiographs after surgery in
idiopathic scoliosis patients, showed that the parameters
measured during surgery of adolescent idiopathic sco-
liosis (AIS) in the radiograph taken from the patients in
the form of a long cassette corresponded with the same
parameters that were taken from the patients standing
after the surgery, which indicates that the use of radio-
graphs during the operation can be a completely reli-
able guide for decision making. The surgeon has made
the changes and is in good agreement with the standing
radiograph after the operation.

In 2019, AJ Praeger [18]., evaluated the correlation of
intraoperatively measured sagittal balance parameters,
including PI, LL, pelvic spine misalignment (PI-LL), and
ratio of standing radiographic findings Complete post-
operative spine (EOS) as a standard measure, showed
on 49 patients, the mean LL during operation (after sta-
bilization) and after operation with a mean difference
of 4.5+6.1° during operation compared to later. It was
significantly less than the practice. While in our study,
no significant difference was reported for the average
LL during and after the operation, this difference in the
two studies can be justified due to the difference in the
method of measuring the LL in the two studies. In our
study, intraoperative LL values were measured locally
with C-ARM, while LL values were measured glob-
ally in their study. They also showed in their study for
patients with the lateral position that the mean LL
during the operation was 50.9+8.6 degrees; after the
operation, it was 53.1+10.1 degrees; the average dif-
ference was 2.3+6.5 - The degree that this difference
was not statistically significant. In our study, the differ-
ence was 2.1 degrees, which was insignificant. These
studies have shown that the average values of PI and LL
in patients in the prone position during surgery can be
similar, and the values can be estimated with high accu-
racy with the C-ARM device available to surgeons dur-
ing surgery. Although the mean LL in the standing state
is slightly higher than in the prone state, this difference
can be justified because of the position. The clinical sig-
nificance and practical application of our findings lie in
the fact that the primary objective in degenerative spine
surgery with sagittal malalignment is to restore appropri-
ate postoperative lumbar lordosis based on spinopelvic
parameters. By measuring all preoperative spinopelvic
parameters, it becomes crucial to monitor and control
the correction achieved during surgery. In this study, we
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utilized intraoperative tools such as the C-arm to guide
and confirm alignment. Demonstrating the reliability of
the C-arm ensures that the intraoperative corrections can
be trusted, thereby improving confidence in the accuracy
of postoperative outcomes and ultimately supporting
better clinical decision-making.

Our study had some weaknesses that should be noted.
In this study, we could only examine a few other parame-
ters that could help estimate the C-ARM’s accuracy more
accurately than EOS. Designing prospective studies by
examining other radiographic indicators helps estimate
the results more accurately. Due to the small sample size,
the correlation between the indicators in the two meth-
ods may be affected by random error and affect its gener-
alizability. The results may be different in a larger sample
size, so it is recommended to design prospective studies
with a larger sample size to estimate the results more
accurately. The most important strength of the pres-
ent study was to investigate the correlation of PI and LL
parameters in C-ARM compared to EOS in spine fusion
surgeries in a suitable sample size of patients for the first
time.

Conclusion

This study showed a very high correlation between PI and
LL parameters in two radiography methods. C-ARM had
high accuracy for measuring PI and LL parameters. The
local mean LL angle of intraoperative C-ARM findings
was two’ than that of EOS findings, which the surgeon
can consider a 2°difference when measuring intraopera-
tively to increase accuracy. C-ARM can be used as a con-
venient, accessible, and high-precision tool to measure PI
and LL values in spinal surgeries during surgery.

Acknowledgements
Not applicable.

Author contributions

Study concept and design (FN, HG and HTS), acquisition of data (HTS and
AE), analysis and interpretation of data and drafting of the manuscript (MB
and HTS), critical revision of the manuscript for important intellectual content
(HG and MC), administrative, technical, or material support, study supervision
(HTS, HG and FN). All authors reviewed the manuscript. All authors read and
approved the final manuscript.

Funding
Not applicable.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance to the Declaration of Helsinki and
was approved by the Institutional review board Iran University of medical
sciences(IRIUMS.FMD.REC.1399. 250). The informed consent was waived by
the Institutional review board of of Iran University of medical sciences due to
its retrospective nature.

Consent for publication
Not applicable.



Semiromi et al. BMC Surgery

(2025) 25:197

Competing interests
The authors declare no competing interests.

Received: 3 November 2023 / Accepted: 15 April 2025
Published online: 06 May 2025

References

1.

Greimel F, Wolkerstorfer S, Sporrer J-F, Zeman F, Hoffstetter P, Grifka J, et

al. Radiological outcome of postoperative sagittal balance on standing
radiographs in comparison to intraoperative radiographs in prone posi-

tion when performing lumbar spinal fusion. Arch Orthop Trauma Surg.
2017;137:1319-25.

Schwab F, Lafage V, Patel A, Farcy J-P. Sagittal plane considerations and the
pelvis in the adult patient. Spine. 2009;34(17):1828-33.

Winn N, Llopis E, Cassar-Pullicino VN. Thoracolumbar spine. Measurements
Musculoskelet Radiol. 2020:189-236.

Labelle H, Mac-Thiong J-M, Roussouly P. Spino-pelvic sagittal balance of
spondylolisthesis: a review and classification. Eur Spine J. 2011;20:641-6.
Abelin-Genevois K. Sagittal balance of the spine. Orthop Traumatology: Surg
Res. 2021;107(1):102769.

Hempfing A, Zenner J, Ferraris L, Meier O, Koller H. Wiederherstellung der
Sagittalen balance Bei der versorgung Thorakaler und lumbaler wirbelkérper-
frakturen. Orthopade. 2011;40(8).

Le Huec J, Roussouly P. Sagittal spino-pelvic balance is a crucial analysis for
normal and degenerative spine. Eur Spine J. 2011,20(Suppl 5):556.

Wang W, Kong C, Pan F, Wang W, Wu X, Pei B, et al. Influence of sagittal lum-
bopelvic morphotypes on the range of motion of human lumbar spine: an in
vitro cadaveric study. Bioengineering. 2022;9(5):224.

Mac-Thiong J-M, Berthonnaud E, Dimar JR, Betz RR, Labelle H. Sagittal align-
ment of the spine and pelvis during growth. Spine. 2004;29(15):1642-7.

. Azar M, Babaee T, Kamyab M, Ghandhari H. Effect of the type of Brace on

head to pelvis sagittal alignment of adolescents with Scheuermann’s kypho-
sis. Assist Technol. 2022:1-10.

Le Huec J-C, Faundez A, Dominguez D, Hoffmeyer P, Aunoble S. Evidence
showing the relationship between sagittal balance and clinical outcomes

20.

Page 7 of 7

in surgical treatment of degenerative spinal diseases: a literature review. Int
Orthop. 2015;39:87-95.

Durand WM, Daniels AH, Hamilton DK, Passias P, Kim HJ, Protopsaltis T, et al.
The spino-pelvic ratio: a novel global sagittal parameter associated with clini-
cal outcomes in adult spinal deformity patients. Eur Spine J. 2020;,29:2354-61.
Boulay C, Tardieu C, Hecquet J, Benaim C, Mouilleseaux B, Marty C, et al. Sagit-
tal alignment of spine and pelvis regulated by pelvic incidence: standard
values and prediction of lordosis. Eur Spine J. 2006;15:415-22.

Reisener M-J, Pumberger M, Shue J, Girardi FP, Hughes AP. Trends in lumbar
spinal fusion—a literature review. J Spine Surg. 2020,6(4):752.

llharreborde B, Steffen JS, Nectoux E, Vital JM, Mazda K, Skalli W, et al. Angle
measurement reproducibility using EOSthree-dimensional reconstructions in
adolescent idiopathic scoliosis treated by posterior instrumentation. Spine.
2011,36(20):E1306-13.

Chung N-S, Lee H-D, Jeon C-H. Accuracy of the lateral cage placement under
intraoperative C-arm fluoroscopy in oblique lateral interbody fusion. J Orthop
Sci. 2018;23(6):918-22.

Lafage R, Ferrero E, Henry JK, Challier V, Diebo B, Liabaud B, et al. Validation of
anew computer-assisted tool to measure spino-pelvic parameters. Spine J.
2015;15(12):2493-502.

Praeger AJ, Wang YYI, Goldschlager T. Intraoperatively predicting post-
operative sagittal balance using intraoperative X-rays. J Clin Neurosci.
2019;63:48-54.

Kraus M, Fischer E, Gebhard F, Richter PH. Image quality and effective dose
of a robotic flat panel 3D C-arm vs computed tomography. Int J Med Rob
Comput Assist Surg. 2016;12(4):743-50.

Lehman RA, Lenke LG, Helgeson MD, Eckel TT, Keeler KA. Do intraoperative
radiographs in scoliosis surgery reflect radiographic result? Clin Orthop Relat
Research®. 2010;468:679-86.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The accuracy of C-ARM in evaluating pelvic incidence and lumbar lordosis during surgery compared with EOS radiography after lumbar fixation
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Inclusion and exclusion criteria
	﻿Data collection
	﻿Radiological measurement
	﻿Sample size collection
	﻿Statistical analysis

	﻿Results
	﻿PI and LL based on C-ARM and EOS

	﻿Discussion
	﻿Conclusion
	﻿References


