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Background: Picture Archiving and Communication Systems (PACS) is the gold standard for the measure-
ment of spinal parameters. The aim of this study is to evaluate the practical value of using an iPhone to
rapidly measure lumbosacral spine-pelvic sagittal parameters, and compared the measurement time and
accuracy between iPhone and PACS.
Methods: The study group consisted of 50 patients. They were examined with a lateral x-ray of the whole
spine in a standard standing position, as well as by three-dimensional CT scan of the lumbosacral area
from January to September 2016. An iPhone was employed to take and observe pictures in order to mea-
sure the extent of lumbar lordosis (LL), pelvic tilt (PT), and sacral slope (SS). We compared the results
with those obtained with PACS, and analyzed the reliability and measurement errors between the two
acquisition methods.
Results: The average measurement values obtained with PACS were as follows: (LL): 53.56 ± 15.76�, (PT):
12.60 ± 5.15�, (SS): 42.16 ± 13.29�. The average measurement values obtained by iPhone were as follows:
LL: 52.20 ± 14.46�, PT: 12.48 ± 5.39�, SS: 12.48 ± 5.39�. There was no statistical significance difference
found between the values obtained using the two methods, P > 0.05. The two methods of measurement
of intra-class correlation coefficients (ICCs) were 0.938(De-LL), 0.812(De-PT) and 0.946(De-SS). There was
no statistically significant difference in the deviation between the two measurement methods. PACS mea-
surement time: 18.53 ± 1.44 s; iPhone measurement time: 14.02 ± 1.08 s, iPhone demonstrating statis-
tically significant faster measurement times than PACS, P < 0.05.
Conclusion: Using the iPhone’s built-in photo editing function to rapidly measure the parameters of the
spinal- pelvic sagittal plane balance in the lumbosacral region is relatively accurate and reliable. This
might provide a great convenience for Orthopedists in their clinical works, because they can measure
imaging pictures with their iPhones at any time and place.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Spine-pelvic parameters refer to the measurable aspects of
spine-pelvic sagittal balance. They are considered an important
aspect of sagittal parameters, which include thoracic kyphosis
(TK), lumbar lordosis (LL), pelvic Incidence (PI), pelvic tilt (PT)
and sacral slope (SS), in which TK and LL are spinal parameters,
and PI, PT and SS are pelvic parameters. The geometric relationship
between the three parameters is PI = PT + SS1. The pelvis adjusts
the trunk gravity center via rotation of the sagittal plane, which
is axis-centered with the hip joint. This influences the physiologi-
cal curvature of the lumbar vertebra, thoracic vertebra and cervical
vertebra, to adjust the sagittal balance of the entire spine2. Imbal-
ance in the sagittal spinal plane can lead to the development of an
abnormal spine. The measurement of lumbosacral region spine-
pelvic parameters is thus important in the evaluation of the spine’s
entire sagittal balance. In this study, we used the built-in image
processing application in the iPhone to rapidly measure LL, PT
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and SS parameters. We compared the measurements obtained on
an iPhone with those obtained using PACS (Picture Archiving and
Communication Systems), and evaluated the accuracy of both.
Are there differences in accuracy and time-consuming between
the two methods? Is the iPhone more convenient than PACS? We
will make a discussion in this article. This study was approved by
the medical ethics committee of Lanzhou University Second Hospi-
tal with the following reference number: 2017A-094. Data were
only used for medical research and not for other purposes. The arti-
cle includes pictures without patient names, and does not reveal
patient information.
2. Methods

2.1. Patient selection

The study consisted of 28 female patients and 22 male patients
aged 24–65 years (average age of 44 years), evaluated from January
to September 2016. The inclusion criteria were as follows: normal
lumbosacral vertebra and hip joint; no congenital or abnormal dis-
ease able to affect measurement; ability to participate in filming of
the standard standing position of the whole spine by x-ray or
three-dimensional CT of the lumbosacral region, which was
required to clearly image the whole lumbar vertebra, sacrum and
bilateral caput femoris.
Fig. 1. Measuring lumbosacral region spinal-pelvic parameters with PACS. a. LL = 38.2� b.
VRL: mid vertical line; HRL: horizontal line. SS = 32�PT = 8�; PI = SS + PT = 40�.

Fig. 2. Use of the iPhone’s speed dial mode to take picture
2.2. Measurement of lumbosacral region spine-pelvic parameters with
PACS

We first localized the sagittal plane in x-ray images or lum-
bosacral region three-dimensional CT scans to measure LL, PT
and SS3. LL is the Cobb angle formed by the upper endplate con-
necting line of L1 and the upper endplate connection line of L2.
PT is the included angle formed by the connecting line between
the midpoint of the sacral endplate and the circular center of the
caput femoris. If the bilateral caput femoris did not overlaps with
the midpoint of the connecting line between the bilateral circular
center. SS is the included angle formed by the connecting line
between the sacral upper endplate and the level line. We used
the built-in measurement tool in PACS to mark and measure every
spinal-pelvic parameter angle (Fig. 1). This was conducted by two
experienced doctors from the radiology department and the spinal
surgery department. To reduce any measurement deviation
induced by the observer, each angle was measured three times
over 1 week, and the average of three measurements was taken
to produce the final value.

2.3. Measuring lumbosacral region spinal-pelvic parameters

One week after the measurements were performed using PACS,
the same two investigators used the iPhone to measure LL, PT and
O: Upper endplate midpoint of sacrum; F: Circular center of bilateral caput femoris;

s. a. Take pictures. b. Keep pictures at a level position.
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SS. Investigators used the built-in camera of iPhone to take pictures
without any marks (Fig. 2). During image acquisition, the camera
lens was kept parallel with the imaging materials. Next, the
iPhone’s built-in photo editing application was used to rotate the
pictures, allowing the angle rotation scale and grid lines to clearly
appear (Fig. 3). We determined that the prompt for rotating clock-
wise is positive, and negative for rotating counterclockwise, and
that the smallest unit of rotation is 2� (Fig. 4).

According to the theory of end vertebra tilt angle (un-published
research), pictures can be rotated until the visually-inspected con-
necting lines of the sacrum’s upper endplate overlap, or are parallel
to, the horizontal grid lines; this rotated angle is SS. A rotation
angle is formed when the visually inspected connecting line of
the L1 vertebrae runs parallel with, or overlaps, the level grid lines;
Fig. 3. Choose the pictures to be edited. a. Select the target pictures. b. Click the Edit func

Fig. 4. Rotate the pictures according to scale. a. Rotation of pic
this angle plus SS is LL. Rotating the picture until the sacrum’s
upper endplate and the visually-inspected midpoint of the caput
femoris are parallel or completely overlap with the inter-vertical
grid lines produces PT, which is the absolute value of the rotated
angle (Fig. 5). Each measurement was taken three times per week,
and the average value was obtained to produce the final parameter
value.

2.4. Statistical processing

The statistical software SPSS 23.0 (IBM Corp. Armonk, NY, USA)
for Mac was used to analyze data. Data are reported as the
‘‘mean ± standard deviation”. A Mann-Whitney U test was used
to compare measurement results obtained using the iPhone vs.
tion, and choose the Picture Rotation and Crop function to rotate the target pictures.

tures clockwise. b. Rotation of pictures counter-clockwise.



Fig. 5. Measuring lumbosacral region spinal-pelvic parameters with an iPhone. a. Visually inspect to confirm that the sacrum’s upper endplate connecting line overlaps with
the level line, SS = 32�. b. Visually inspect to confirm that the endplate connecting line of L1 overlaps with the level line, and that the angle formed is 6�; LL = 38�. c. Visually
inspect to confirm that the midpoint of the sacrum’s upper endplate connecting line and the central point of the bilateral caput femoris overlap on the same vertical line,
PT = 8�.
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PACS. A one-way analysis of variance was used to analyze the dif-
ferences between groups. A two-way random intra-class correla-
tion coefficient was used to analyze the reliability of the two
methods of measurement4. In cases where the measurement
obtained by iPhone was greater than that of PACS, the parameter
was defined as positive, and the inverse as negative. This was used
to calculate measurement errors between the groups. The confi-
dence interval for statistical analysis of the data was 95%. A P
value < 0.05 was considered statistically significant.
Fig. 7. Lumbosacral region spinal-pelvic parameter deviation values between
iPhone- and PACS-obtained measurements. The deviation in measurement between
the two groups was not statistically significant (De-PT: F = 0.112, P = 0.739; De-SS:
F = 0.029, P = 0.864; De-LL: F = 0.202, P = 0.654).
3. Results

The parameter measurements obtained using PACS were as fol-
lowings: LL average: 53.56 ± 15.76�; PT average: 12.60 ± 5.15�; SS
average: 42.16 ± 13.29�. The parameter measurements obtained
using the iPhone were as followings: LL average: 52.20 ± 14.46�;
PT average: 12.48 ± 5.39�; SS average: 42.60 ± 12.33�. When com-
pared, the measurements obtained using the two methods were
not significantly different (iPhone LL vs. PACS LL: P = 0.707; iPhone
PT vs. PACS PT: P = 0.961; iPhone SS vs. PACS SS: P = 0.702). Thus,
both methods can be used to measure lumbosacral spine-pelvic
sagittal balance parameters. The intra-class correlation coefficients
(ICCs) of LL, PT, SS were 0.938, 0.812, and 0.946, thus the two mea-
surement methods (iPhone vs. PACS) were highly correlated. The
measurement deviations between iPhone and PACS were as fol-
lows: LL = (�7.33 ± 1.24�) (�20� to 19�); PT = (4.81 ± 0.68�)
Fig. 6. Lumbosacral region spinal-pelvic parameters using either rapid measurement by
P = 0.702; iPhone LL vs. PACS LL: P = 0.701. There was no significant difference between
(�12� to 10�); SS = (5.87 ± 0.83�) (�9� to 17�). The deviation in
measurement between the two groups was not statistically signif-
icant: (F = 0.202, P = 0.654; F = 0.112, P = 0.739; F = 0.029, P = 0.864;
Figs. 6 and 7). The measurement time of the two methods (PACS vs.
iPhone) was significantly different: PACS measurement time: 18.
53 ± 1.44 s, iPhone measurement time: 14.02 ± 1.08 s, n = 15,
P < 0.05; iPhone measurement time was faster than PACS measure-
ment time by about 4.5 s (Fig. 8).
iPhone or PACS. n = 50, iPhone PT vs. PACS PT: P = 0.961; iPhone SS vs. PACS SS:
the two methods (P > 0.05).



Fig. 8. PACS measurement time vs iPhone measurement time. Data display the
mean ± SD (n = 15, *P < 0.05, significantly different compared to the PACS group).
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4. Discussion

Lumbosacral region spinal-pelvic sagittal plane balance param-
eters are closely related to the clinical lumbar degeneration and its
development: When the spine is in degeneration, LL will gradually
lose (Roussouly et al., 2005; Labelle et al., 2005). While the pelvis
will keep the spinal sagittal plane in balance with compensatory
back forward. PI and PT decrease (Labelle et al., 2005; Sebaaly
et al., 2018; Schwab et al., 2012). SS takes part in forming of LL,
and is related to lumbar lordosis, and also adjusts spinal-pelvic
sagittal plane balance together with TK coupling (Bess et al.,
2015; Schwab et al., 2010; Yamato et al., 2015).

Nowadays, many smartphones, such as iPhone, equipped with
high-resolution screen and HD camera, and image processing edit-
ing software are also fully mature, which meaning that they may
have impacts on the efficiency and convenience of rapid measure-
ment of spinal pelvic sagittal balance parameters, that will provide
a new technical approach for digital accurate angle measurement
(Boulos et al., 2011; Franko, 2011; Kiser, 2011). Newer, simpler
and more accessible smartphone’s APPs to measure Cobb angle,
Acetabular prosthesis angle, end vertebra selection, early detection
of spinal deformities and axial trunk rotation are emerging (Shaw
et al., 2012; Wang et al., 2016; Pepe et al., 2017; Izatt et al., 2012;
Driscoll et al., 2014; Franko et al., 2012; Sudarshan et al., 2016;
Qiao et al., 2014; Qiao et al., 2012; Allam et al., 2016). In addition,
researches have showed that when using cell phone sensors to
measure clinical parameters, iPhone is more accurate than Android
phones in orthopedics. Some applications have been invented for
measuring Cobb angle of scoliosis, for example, Scoliometer (Izatt
et al., 2012), Scolioscreen (Driscoll et al., 2014), scoligauge
(Franko et al., 2012; Qiao et al., 2014); Tiltmeter (Shaw et al.,
2012). The measurement principle of these Apps is to sense the
angle change through the phone’s built-in level sensor by rotating
the mobile phone. Some apps like CobbMeter (Qiao et al., 2012;
Allam et al., 2016) have similar measurement principles with PACS
measurement method: The scoliosis imaging data was captured by
the mobile phone camera, and the Cobb angle was automatically
calculated by a program algorithm after marking the end vertebral
endplate. This kind of dedicated software measurement method
achieves good measurement accuracy and consistency between
and within groups, relatively simple and easy to use, besides this
method can save about 63% of time compared to manual methods
(Sudarshan et al., 2016), even replace PACS to a certain extent
(Prowse et al., 2016). However, using smartphone software to mea-
surement also have drawbacks: firstly, this kind of software is
often out of date and even never updated, this study has found that
such software can not compatible with existing iPhone’s IOS
system, Secondly, theoretically, there will always be certain bugs
and errors in third-party software, and the stability is not as good
as the software built in the system. Thirdly, some software is not
free to use and requires additional costs.

In modern medical healthcare systems with digital radiographs
and analyses, PACS and some else similar systems can measure in
high accuracy, so that can be taken for standard of the parameter
measurement. However, developing countries still analyses radio-
graphs on conventional X-ray films, PACS systems are not popular
in those areas because of expensive, so there is still a lot of angle
measurement work that requires doctors to manually draw a line
on the film with a protractor and a marker. In addition, in China,
digitized information of imaging data is rarely stored on CD-ROM
or USB Disc for clinicians and patients to communicate the condi-
tion, because most doctors’ offices are not equipped with computer
to retrieve and view these imaging information. We often face so
many scenes in our country, When some patients come to a clinic
with the imaging pictures which taken by other hospitals, the PACS
system of the visiting hospital cannot match the imaging films of
the previous hospitals, so the clinicians have to measure and analy-
sis lumbosacral parameters through their eyes, protractor and pens.

Nearly everyone holds a smartphone, which is small in size and
easy to carry. As a very convenient tool, smartphone can be totally
used for measuring all parameter angles of spine after shooting
image film directly to acquire the specific parameters in time,
which is beneficial to judging the state of illness. Besides, smart-
phone has rich social functions. Many spine surgery doctors com-
municate on professional contents and upload the data and
photos about the state of illness of many patients for remote con-
sultation and discussion via social software such as group function
of WeChat. By this way, the iconography data and photos of spine
can be downloaded to phones and then alignment angle measure-
ment of vertical plane of lumbosacral portion can be carried out via
the photo editing program designed in iPhone.

We can shoot iconography data directly or download iconogra-
phy photos via iPhone camera to measure the angle parameter of
lumbosacral portion. The built-in Photo App of the system can be
used stably and reliably with no software fault or extra fees. Only
an iPhone is needed for software downloading.

According to the previous studies, the measurement results of
spine malformation parameters acquired via iPhone have no obvi-
ous difference with the results obtained through other conven-
tional methods (Shaw et al., 2012; Wang et al., 2016; Qiao et al.,
2012; Hayes et al., 2013; Sudarshan et al., 2016). It has showed that
the present spinal parameters measurement has many sources of
errors (Capasso et al., 1992): an atypia position of patients in radi-
ologic examination. To verify the accurate marker lines in the
spinal segments which have anatomical variation of the vertebrae,
different observers identify the different mark points/lines. This
iPhone method is a digitized improvement, which has the similar
measuring errors as the PACS method (Dickson et al., 1984). The
efficacy and effectiveness of the iPhone method were observed
and compared by the same observers via using the same medical
images. Therefore, the very common errors are intrinsic to the
measurement method. The iPhone method needs to make sure
the reference points on the pictures, and it is difficult to make an
accurate judgment about those points associated with the obser-
vers’ eyes. And if the phone’s camera is not perpendicular to the
film when take a picture, the horizontal and vertical lines are not
the same as the actual. It seems like to make measuring error,
but it has confirmed that no obvious error in our previous study
(Wang et al., 2018).

In this study, we studied the difference of results of angle
parameter iconography and radiology angle of vertical plane of
human body spine and pelvis by using iPhone technology and PACS
technology. As with similar previous studies (Franko et al., 2012),
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the parameters of sagittal view of all lumbosacral portion acquired
by phone are highly consistent with the results measured by PACS.
The difference between the results measured by iPhone and PACS
is very small and the average error is 5�–7�, bias 0.68�–1.24�.
Therefore, it can be concluded that iPhone is a kind of method
for spine parameters with high precision.

In addition, this research group appears that in two ways of
measuring PT, LL and SS, the ICC of PT is less than that of LL and
SS (0.812 VS 0.938 VS 0.946). It is considered that fast visual mea-
surement of SS, LL and PT needs to ensure two marked dots on
sacral upper endplate connection line, and ensure the four mea-
surement mark points upper on lower vertebral and plate connec-
tion lines, and ensure the endplate connection midpoint on sacrum
and the midpoint and central point of bilateral femoral heads. In
the measurement process, increasing interference factors would
lead to low consistence. If measurement marks are pre-marked,
the potential reliability of two measurement results are better.
While that, to some extent, decrease the convenience for using
smart phones to directly shoot image of image materials to fast
read the parameters.

This research is about using the iPhone’s built-in photo program
to measure the parameters of lumbosacral region spinal-pelvic
sagittal position. On the basis of the measurement accuracy, it is
more convenient and faster to using the iPhone for measurement
than the traditional measurement by hand-drawn lines, and hav-
ing similar accuracy with PACS. This is an absolutely new way
for improving clinical work efficiency. Due to the limited space,
this research is not yet involved with how to use the iPhone to
measure the feasibility of TK (the Cobb angle of upper endplate
of T4 and lower endplate of T12), thoracic inlet angle, T1 slope,
neck tilt and some other spinal-pelvic sagittal plane balance
parameters (Lee et al., 2012). But according to the same geometry
definition on the similar parameters, this iPhone measurement
method could be still accurate and reliable with the similar kind
of clinical parameters.

5. Conclusions

This study assessed the ability of the iPhone’s built-in photo
application to measure the parameters of lumbosacral region
spinal-pelvic sagittal balance. It is more convenient and faster to
use an iPhone for measurement vs. a traditional manual analysis,
and it shows similar measurement accuracy when compared with
PACS. Given our present findings demonstrating the acquisition of
similar spinal parameters, iPhone-aided measurement is likely to
be an accurate and reliable method for many other clinical
parameters.
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