
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​
v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​​l​i​c​​e​n​s​​​e​s​​/​​b​y​​-​n​c​​-​​n​d​/​4​.​0​/.

Semiromi et al. BMC Surgery          (2025) 25:197 
https://doi.org/10.1186/s12893-025-02921-w

BMC Surgery

*Correspondence:
Farshad Nikouei
farshadnikooei@gmail.com
1Bone and Joint Reconstruction Research Center, Department of 
Orthopedics, School of Medicine, Iran University of Medical Sciences, 
Tehran, Iran
2Bone and Joint Reconstruction Research Center, Shafa Yahyaeian 
Orthopedic Hospital, Iran University of Medical Sciences, Tehran, Iran
3Department of Epidemiology, School of Public Health, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran

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 (PI) 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. PI 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 PI 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 PI (r: 0.97, p: 0.001) and LL (r: 0.99, p: 0.001).

Conclusion  The mean PI and 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 PI 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 

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 

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.

PI and 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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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 

Fig. 1  Intraoperative Measurement of Pelvic Incidence (PI) 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: iOS Measure App Use: Demonstrating the ap-
plication setup and the angle measurement process

 



Page 5 of 7Semiromi et al. BMC Surgery          (2025) 25:197 

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 

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 1  Demographic characteristics of patients
variable 59 patients
Age (year) 54.69 ± 17.62
Age Group
• < 50
• ≥ 5

13(22%)
46(78%)

BMI(kg/m2) 26.2 ± 2.6
Gender
• Male
• Female

17 (28.8%)
42(71.2%)

Type of Surgery•
• PSF
• PSF + ASF

56(94.9%)
3(5.1%)

Diagnosis•
• Canal stenosis
• Congenital scoliosis
• Listesis Lumbar
• Idiopathic adolescent scoliosis
• Congenital kyphosis

28(47.5%)
3(5.1%)
22(37.3%)
4(6.8%)
2(3.3%)

Table 2  Comparing the results of PI and LL values based on two methods
Index Device Mean Difference

(°)
95% CI P value

C-ARM EOS
PI º (Mean ± SD) 54.57 ± 11.19 54.82 ± 11.17 0.25 -0.14,0.66 0.9
LL º (Mean ± SD) 32.61 ± 15.07 30.49 ± 15.06 2.12 -0.12,4.24 0.44

Fig. 2  Correlation of parameters in two devices
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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 

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.
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