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OPEN A modified measurement method

for functional spinal unit ROM of
cervical spine

Jianxi Wang¥?, Hao Zhou'?, Bo Hu'?, Fazhi Zang', Wen Yuan'*?, Huajiang Chen'** &
Lei Liang®™

The interspinous process motion (ISM) method can provide a more accurate assessment of
postoperative subaxial cervical fusion than Cobb angle method which is used more commonly in
clinical practice. However, the ISM method presents the measurement results in millimeters which
cannot be directly compared with the Cobb angle measurement data. We proposed a modified
measurement method for cervical functional spinal unit range of motion (FSU ROM) and evaluate

its repeatability and reliability in measuring the ROM of the surgical segment after cervical artificial
disc replacement surgery. A total of 81 patients who underwent cervical artificial disc replacement
surgery in our department were retrospectively reviewed. Postoperative flexion-extension dynamic
cervical radiographs were used for the measurement of FSU ROM of the surgical segment. The
modified measurement method (M1) and the traditional Cobb angle measurement method (M2) were
used. In the comparative analysis, there was no statistically significant difference between the two
measurement methods (P> 0.05). Linear correlation study showed significant correlation between
the two methods (P <0.01), with a correlation coefficient of 0.947. Bland—Altman analysis showed
the average difference between the two methods was 0.13°, the most of the measured data points
fell within the 95% confidence interval. The M1 method demonstrated high intra-observer reliability
(ICC=0.957) and inter-observer reliability (ICC=0.947). The M2 method showed good intra-observer
reliability (ICC=0.889) and good inter-observer reliability (ICC=0.874). The M1 method yielded an SEM
of 0.64° and an MDC of 1.49° for FSU ROM measurement, while the M2 method resulted in an SEM

of 1.14° with an MDC of 2.66°.The modified measurement method for assessing cervical FSU ROM
demonstrates satisfactory repeatability and reliability, provide higher measurement precision.

Keywords Cervical spine, Measurement method, Cobb Angle, ROM

Measurement of the cervical functional spinal unit range of motion (FSU ROM) is a common method used for
the functional assessment of the cervical spine. By measuring FSU ROM, we can assess bony fusion in the surgical
segment after cervical fusion surgery'2. This method can also be used to assess ROM of the affected segment both
before and after cervical artificial disc replacement (CTDR) surgery. Flexion-extension radiograph Cobb angle
measurement is the primary method for FSU ROM. This method shares the advantage of simple, efficient, and
highly accurate, making it the most widely used in clinical practice®. Rhee JM et al. believe that the interspinous
process motion (ISM) method can provide a more accurate assessment of postoperative subaxial cervical
fusion. They recommend using less than 1-mm motion as the initial modality for determining anterior cervical
arthrodesis for both clinical and research applications?. Similarly, for evaluating the functional status of artificial
disc after CTDR surgery, ISM can also make precise and reliable assessments™S. However, the measurement
results of the ISM method are in millimeters. Therefore, this method cannot be directly compared with the Cobb
angle measurement data which is used more commonly. This study proposed a modified measurement method
for cervical FSU ROM. This method measuring the change in the angle between the line connecting spinous
process ends and the anterior edge of the vertebral bodies of the upper and lower vertebrae in the responsible
segment on dynamic flexion-extension radiographs. Since the spinous process ends are further away from the
rotation center of the FSU, the modified method was expected to achieve precision comparable to the ISM, while
providing angle values. In clinical practice, the modified method may offer a more accurate assessment of the
prosthesis function after CTDR surgery, the intervertebral bone fusion after ACDF surgery, and the stability
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between vertebrae, by the consensus standards. The modified method is supposed to be preferable to Cobb angle
measurement or ISM in those scenarios. In this study, this modified cervical FSU ROM method was compared
with the traditional Cobb angle method. its repeatability and reliability were also analyzed.

Materials and methods
Study population
The study protocol was approved and the need for informed consent was waived by the Ethics Committee
of Shanghai Changzheng Hospital (Project License No0.2024SL027). This study adhered to the principles of
the Declaration of Helsinki. Patients who underwent cervical total disc replacement (CTDR) surgery in our
department were selected as the subjects for this study. Inclusion criteria: surgical treatment with the Discover
artificial disc (Depuy Spine); regular postoperative follow-ups; at least 12 months follow-up; postoperative flexion-
extension radiographs of the cervical spine taken at our hospital; well-positioned artificial disc prostheses with
no complications related to internal fixation; patients without neck pain or severe discomfort in the neck and
shoulder. Exclusion criteria: concurrent thoracic or lumbar spine diseases; cervical trauma or fractures during
follow-up; congenital and developmental spinal deformities; severe comorbidities or psychiatric conditions.
Postoperative flexion-extension radiographs of the cervical spine were collected. For patients with multiple
follow-up visits, the radiographs with the best clarity were selected for the measurement of this study. The data
that support the findings of this study are not openly available due to reasons of sensitivity and are available from
the corresponding author upon reasonable request.

Measure methods

The FSU ROM of the surgical segment was measured by the modified measurement method (M1) and the
traditional Cobb angle method (M2) respectively. The AGFA IMPAX system was used for radiological
measurements. Two experienced surgeons performed the measurements using both methods independently.
Two weeks after the first measurement, a second measurement was conducted under the same conditions.

Traditional Cobb angle method

On flexion-extension radiographs of the cervical spine, reference lines are drawn parallel the upper endplate of
the upper vertebral body and the lower endplate of the lower vertebral body of the surgical segment. The angles
between these two reference lines were measured in both the extension and flexion positions (a positive value
for cervical lordosis and a negative value for cervical kyphosis). As shown in Fig. 1.

Modified FSU ROM measurement method

On the lateral extension radiographs, drew a straight line from the highest point of the anterior edge of the upper
vertebral body of the surgical segment to the end of the spinous process, and another straight line from the
lowest point of the anterior edge of the lower vertebral body to the end of its spinous process. The angle between
these two lines was the extension angle. Similarly, on the lateral flexion radiographs, draw two identical lines,
and the angle between these lines was the flexion angle. As shown in Fig. 2.

Statistical analysis

GPowerWin_3.1.9.7 software (http://www.gpower.hhu.de/) was used for sample size calculation. According to
the results of our previous study, the mean difference between the two methods is approximately 1°, with a
standard deviation of the difference of about 3°7. The significance level (a) was set at 0.05 (two-sided), and
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Fig. 1. Cervical FSU ROM measured by Cobb angle method. Along the upper endplate of the upper vertebral
body and the lower endplate of the lower vertebral body of the surgical segment, we draw two reference lines.
The angles between these two reference lines were measured in both the extension and flexion positions of
the cervical spine on the radiographs. The angles formed on the lateral flexion radiographs are flexion angle.
The angles formed on the extension radiographs are extension angles. The calculation formula is as follows:
Cervical FSU ROM = Cobb angle in extension position — Cobb angle in flexion position.
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Fig. 2. Cervical FSU ROM measured by modified method. From the highest point of the anterior edge of the
upper vertebral body and the lowest point of the anterior edge of the lower vertebral body to the end of their
spinous process respectively, we drew two lines and constituted an angle. The angles formed on the lateral
flexion radiographs are flexion angles. Same as the extension angles. The calculation formula is as follows:
Cervical FSU ROM = extension angle — flexion angle.

‘ n ‘ modified measurement method | Cobb angle method ‘ T-value ‘ P-value

Gender

Male 37 [10.7+2.9 10.4+2.9 1.34 0.19
Female 44 110.1+£3.3 10.1+3.3 0.32 0.75
Age

<40 years 22 | 11.2+27 10.8+2.7 1.38 0.18
40-45years | 30 | 9.9+3.5 9.7+3.4 1.32 0.20
=45 years 29 | 10.2+£3.0 10.4+3.0 -0.97 0.34

Table 1. Comparison between the two measurement methods. The analysis was conducted using a paired
t-test. M1, modified measurement method. M2, traditional Cobb angle method.A P-value <0.05 was
considered statistically significant.

the power (1-B) was set at 0.8. Data analyses were conducted using SPSS 17.0 software (SPSS Inc., USA). The
comparison of the two measurement methods was conducted using a paired t-test. Intra-observer reliability
and inter-observer reliability were analyzed using the intraclass correlation coeflicient (ICC). The ICC values
were assessed using the following criteria: 0.90-0.99 indicated high reliability, 0.80-0.89 indicated good
reliability, 0.70-0.79 indicated fair reliability, and below 0.69 indicated poor reliability. The reliability of the
two measurement methods was assessed using the standard error of measurement (SEM) and the minimum
detectable change (MDC). SEM was equal to the square root of the mean square error term (residual) in the ICC
variance analysis table. The minimum detectable change at a 90% confidence interval (MDC 90) was calculated
using the following formula:

MDC90 = SEM x V2 x ¢ 90

Pearson correlation analysis was used to analyze the correlation between the two measurement methods. Bland-
Altman analysis was conducted using GraphPad Prism 6.01 software. P-value <0.05 was considered statistically
significant.

Result

Comparative analysis of general data

This study included a total of 81 patients who underwent CTDR surgery, of which 37 were male and 44 were
female, aged between 33 and 55 years, with an average age of 43.1+4.4 years. The patients were grouped based
on different ages and genders, and the comparison of the two measurement results was conducted within each
group as shown in Table 1. Across all groups, there were no significant differences observed in the results of the
two measurement methods (P> 0.05 for all).

Correlation analysis of two measurement methods
There was a significant correlation between the two methods (P<0.01), with a correlation coeflicient of 0.947
(Fig. 3), and a 95% confidence interval (CI) of (0.919, 0.966). Bland-Altman analysis shown the average
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difference between the two methods was 0.13°, with the distribution of differences close to 0, and the most of
measurement data points fell within the 95% CI (Fig. 4).

Intra-observer reliability analysis
The same surgeon used method M1 to measure the FSU ROM on two separate occasions, the ICC was 0.957,
with a 95% confidence interval (CI) of (0.934, 0.972), and P <0.01. This indicates high reliability of intra-observer
reliability for the two measurements.

The same surgeon employed method M2 to measure the FSU ROM on two separate occasions, resulting in an
ICC of 0.889, with a 95% CI of (0.833, 0.927), and a significance level of P<0.01. These findings indicate a good
intra-observer reliability for the two measurements.

Inter-observer reliability analysis
Two surgeons used method M1 to measure the FSU ROM, the ICC was 0.947, with a 95% CI of (0.918, 0.965),
and P<0.01. This indicates a high reliability of inter-observer reliability among different measurers.

Two surgeons used method M2 to measure the FSU ROM, resulting in an ICC of 0.874, with a 95% CI of
(0.811, 0.917), and a significance level of P<0.01. These findings suggest a good inter-observer reliability among
the different measurers.

Reliability analysis of the two measurement methods
The SEM for FSU ROM measured by method M1 is 0.64°, and the MDC is 1.49°. For the traditional method M2,
the SEM for FSU ROM measurement is 1.14°, and the MDC is 2.66°, as shown in Table 2.

Discussion

Measurement method for cervical FSU ROM

The assessment of cervical spine motion function is the most routine examination in spine surgery clinical
practice®10. The measurement of FSU ROM is used to assess the mobility of a single segment in the cervical
spine. In terms of measurement methods, the traditional Cobb angle method remains the mainstream in clinical
applications. This method is simple, efficient, and provides high accuracy and reliability for the measurement of

5° 7° 9o° 11° 13° 15° 17°
M1

Fig. 3. Correlation analysis of two measurement methods. The correlation coeflicient is 0.947, and a 95%
confidence interval (CI) of (0.919, 0.966).
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Fig. 4. Bland-Altman plots. The average difference between the two methods was 0.13°, with the distribution
of differences close to 0, and the most of measurement data points fell within the 95% CI.

Groups First measurement | Second measurement | SEM | MDC,
Modified method (M1) 10.4+3.1° 10.3+£3.0° 0.64° | 1.49°
Traditional method (M2) | 10.1+3.3° 10.3+3.4° 1.14° | 2.66°

Table 2. Reliability analysis of the two measurement methods. M1, modified measurement method. M2,
traditional Cobb angle method. SEM, standard error of measurement. MDC, minimum detectable change ().

the overall ROM of the cervical spine. However, for the measurement of FSU ROM, as the normal ROM of the
FSU is about 10 degrees, and even less for the degenerated cervical spine, it proposes a higher requirement for
measurement precision. With the innovation and development of digital imaging technology, the use of digital
imaging data for measurement through imaging software has become widely applied in clinical practice and
offers many advantages such as convenience, efficiency, and high accuracy'!"!2. Using the Cobb angle method to
measure cervical spine ROM, studies have shown that the accuracy of computer-assisted measurement methods
is superior to traditional radiograph film measurements, improving measurement precision by about 3°%°. In
the study by Janusz P et al,, traditional cervical Cobb angle measurement had high reliability of intra-observer
reliability, but there still existed a measurement standard deviation of 2-3 degrees'*.

Errors in imaging measurements were mainly caused by the following reasons: @Insufficiently standardized
patient positioning during X-ray imaging, causing the measured endplates in the image data not to completely
overlap in a straight line, affecting the selection of measurement reference lines!%; @Osteophyte formation, which
commonly occurs at the anterior or posterior edges of the vertebral bodies during cervical degeneration, while
these two locations were key points for choosing markers in cervical ROM measurements, the selection errors of
these markers being the direct cause of deviations in measurement results; @The C7 vertebra was often obscured
by the shoulders, making it difficult to draw a line parallel to the lower endplate of C7 vertebra accurately during
measurements. These measurement errors, while not significantly affecting the overall ROM of the cervical
spine, cannot be ignored for the FSU ROM.
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Advantages of the modified measurement method for cervical FSU ROM

The flexion-extension movement of the cervical FSU involves rotational movements of the upper and lower
vertebrae around a rotational center. The traditional Cobb angle method involves selecting reference lines parallel
to the endplates, with the measurement reference points being the anterior and posterior angles of the vertebrae.
While the ISM is based on measuring the distance between the ends of the spinous processes of the upper and
lower vertebrae. Since the ends of the spinous processes are farther from the rotational center of the upper and
lower vertebrae, they can more significantly reflect the range of movement of the upper and lower vertebrae.
Theoretically, when comparing the two methods, the ISM method is more precise and reliable. The modified
measurement method used in this study is also based on the range of movement of the spinous process ends.
The results of this study demonstrate the superior intra-observer and inter-observer reliability of the modified
method compared to the traditional Cobb angle method. Additionally, the modified method primarily relies on
the anterior angle of the vertebra and the end of the spinous process as measurement reference points, and the
imaging of these two positions is often clearer. Even in some patients’ lateral radiographs where the C7 vertebra
may be obscured by the shoulder, the anterior angle of the C7 vertebra and the end of the spinous process are
often more easily identifiable. This is another reason why the M1 method yielded significantly lower SEM and
MDC values. However, due to the difference in measurement units between the ISM and the modified method,
it is inconvenient to compare the two, and further research is needed to explore differences in measurement
precision. In addition, related research suggests that the ISM is more suitable for assessing bony fusion in the
surgical segment after cervical fusion surgery'®. Whether the modified measurement method also has similar
advantages remains to be confirmed through further research.

Limitation

This study had several limitations. First, the sample size of this study was only 81 cases, and all patients included
in this study were CTDR surgery patients with an age under 55. The bony structures of the cervical spine in
this group of patients were clear, with no severe osteophytes or bone spurs that would affect the measurement,
making measurement relatively simple. The validity and reliability of M1 for measuring cervical FSU ROM
in elderly patients still need to be further explored through larger sample studies. Second, the measurement
method had only been applied within our department, and all measurements were assisted by computer imaging
software. It was necessary to conduct multi-center validation studies and compare the results from radiograph
film measurements. Additionally, the subjects included in this study were all patients who had undergone
CTDR. It was necessary to include patients with a variety of diseases in the measurement study to further clarify
the applicability of this method.

Conclusion
The modified measurement method for assessing cervical FSU ROM demonstrates satisfactory repeatability and
reliability, while also providing higher measurement precision.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity and are
available from the corresponding author upon reasonable request.
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