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This study aimed to identify concurrent thoracolumbar junction (TLJ) and sacrococcygeal (SC)
fractures using a modified MRI protocol and analyze the risk factors associated with tandem fractures.
We retrospectively investigated patients with MRI-confirmed TLJ fractures from January 2017 to
March 2020. Patients were divided into two study groups: study 1 with a modified MRI protocol and
study 2 with a routine protocol. The modified protocol included an extended field of view of sagittal
scans in L-spine MRI covering the full SC spine. In study 1, frequency of concurrent TLJ and SC fractures
was investigated. And we analyzed risk factors and compared CT and MRI for detecting SC fractures.
In study 2, co-occurrence of both fractures was investigated. A total of 176 and 399 patients with

TLJ fractures were enrolled in study 1 and 2, then SC fractures were identified in 53 (30.14%) and 36
patients (9.02%), respectively. An axial loading trauma mechanism was a significant risk factor (Odds
ratio 7.0, p<0.001), and MRI was more sensitive than CT in detecting SC fractures (p<0.002). Thus, a
modified MRI protocol was useful to detect the high occurrence of SC fractures in TLJ fractures, which
concurrent fractures increased by an axial loading mechanism.

The thoracolumbar junction (TL]J; T10-L2) is the most common site of thoracolumbar (TL) fractures, which
account for approximately 50-60% of TL fractures"* and up to 90% of traumatic spine fractures>*. TL] is a tran-
sition zone of the TL spine with two different degrees of mobility and is clinically important">. Many TL spine
fractures are caused by falls, and the most common type of fracture is a burst fracture®’. Burst or compression
fractures are known to result from axial loading at the vertebral body”®, and sacral horizontal fractures have also
been related to axial loading®!!. Therefore, if axial loading is the mode of injury of a TL] fracture, a co-existing
sacrococcygeal (SC) fracture can be assumed to be more likely. Some TL]J fractures are unstable, leading to
neurologic deficits and long-term deformities®!>!*. However, SC fractures, including sacral insufficiency frac-
tures (SIFs), are usually stable. Consequently, these are often underestimated or neglected in elderly patients by
clinicians and even by radiologists'®'"'4-16. However, clinically, SC fractures affect the quality of life of patients
by inducing lower back pain and sacral pain. In rare cases, SC fractures cause neurologic deficits such as radicu-
lopathy of lower extremities, bladder or bowel dysfunction!®!718,

To date, the presence of concurrent SC and TL spine fractures has rarely been investigated, and its prevalence
is reported to be 3.8-10.6%'>'°. However, previous studies have not focused on acute injuries, trauma situations,
or the TLJ itself, making it difficult to assess the association between TL]J and SC fractures.

Although CT is the gold standard for diagnosing TL fractures®®, MRI is essential for the accurate diagnosis
of spine fractures?®?*. Routine MRI protocols are used for patients with trauma in common clinical settings.
A routine L-spine MRI protocol, based on the American College of Radiology (ACR) guidelines, recommends
including regions from T12 to S1 in a sagittal view?* and does not routinely include regions below S2. In particu-
lar, in the SC area, MRI is recommended after radiography rather than CT*. Our modified L-spine MRI protocol

!Department of Radiology, Hallym University Dongtan Sacred Heart Hospital, Hwaseong-si, Gyeonggi-do, South
Korea. 2Department of Neurological Surgery, Hallym University Dongtan Sacred Heart Hospital, Hwaseong-si,
Gyeonggi-do, South Korea. 3Department of Orthopeadic Surgery, Hallym University Dongtan Sacred Heart
Hospital, Hwaseong-si, Gyeonggi-do, South Korea. “email: heycai79@gmail.com

Scientific Reports |

(2021) 11:5628 | https://doi.org/10.1038/s41598-021-85167-9 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-85167-9&domain=pdf

www.nature.com/scientificreports/

performed all sagittal scans with an extended field of view (FOV), including regions below S2, and used a scout
view with fat saturation (FS) sequence to cover the regions above T11.

This study aimed to identify concurrent TL] and SC fractures using the modified MRI protocol and analyze
the risk factors associated with tandem fractures.

Methods

Study design and enrolment. This retrospective study included spine MRI data of patients who had been
treated from January 2017 to March 2020 at our hospital. The data were extracted from the Picture Archiving
and Communication System (PACS). Patients were divided into two study groups (study 1 and 2) based on the
use of the modified MRI protocol. After a routine medical examination, patients with clinically suspected spinal
fractures first underwent CT and then MRI to evaluate occult soft tissue injury. The study was approved by the
Institutional review board by the Institutional Review Board of Hallym University Hospital, and the requirement
of informed consent was waived due to the retrospective nature of the study. All the methods of this study were
performed in accordance with the relevant guidelines and regulations.

Study 1. The existing routine L-spine MRI protocol was modified and implemented from March 2019 to
March 2020, to assess the frequency of concurrent TL] and SC fractures on all spine MRI scans excluding those
of the C-spine. The first set of exclusion criteria is described in Fig. 1a. Only adult patients with acute injuries
were included: The hospital’s PACS was searched for spine MRI reports between March 2019 and March 2020,
first using the search term “fracture” and subsequently, the terms “acute” and “recent”. Additionally, thoracolum-
bar injury classification and severity (TLICS) scores are reported for all the patients with acute TL spine fractures
at the hospital; “TLICS” was therefore additionally included as a search term to find missing acute fractures.
After applying the second set of exclusion criteria as described in Fig. 1a, enrolled patients were then classified
into two groups according to the presence of SC fracture. Additionally, the SC fracture group was subdivided
into two groups as follows: the upper SC fracture group (S1-S3; may be unstable) and the lower SC fracture
group (S4 to coccyx; relatively stable)!®17.

Study 2. In this group, the frequency of TLJ and SC fractures using the routine spine MRI protocol was
assessed. The existing protocol acquired sagittal sequences covering T11-S2, sometimes using an extended FOV
at the request of a clinician. For instance, the sagittal sequences were acquired using an extended FOV for a
patient with an acute fracture at the SC spine who initially underwent CT. Fractures of the T or L-level spine
were examined in all spine MRIs, excluding cervical spine MRIs, regardless of trauma, from January 2017 to
December 2018. The exclusion criteria are shown in Fig. 1b.

Routine and modified spine MRI protocols. Two types of 3.0-T MRI scanners were used (Skyra or
Verio, Siemens Healthcare, Erlangen, Germany) and the parameters of the L-spine MRI are shown in Table 1.
The routine L-spine MRI protocol included sagittal and axial T1 and T2-weighted images, a scout view with
T2-weighted images of cervical and thoracic spines, and an additional sagittal T2 FS sequence to assess the
trauma. The modified MRI protocol was as follows: for adult trauma patients, the FOV of all sagittal scans
in routine L-spine MRIs was changed (Fig. 2). The FOV was extended such that the upper limit would not
change and the lower limit included the coccyx. To ensure an accurate assessment, whenever an SC fracture
was suspected on sagittal scans, additional MRI scans were performed with following sequences: coronal T2 FS
sequence parallel to the long axis of the SC spine, an axial T2-weighted sequence, and a plane perpendicular to
the coronal plane. In addition, scout images of all spine MRIs were unified with T2 FS sequences; therefore, even
if an L-spine MRI was acquired, a thoracic spine scan would be included. Similarly, if a thoracic spine MRI was
acquired, the coccyx would be included in the L-spine scout view.

Moreover, the CT protocol was modified for patients with trauma in study 1, wherein spinal CT, including
the L-spine, was performed, and the sagittal plane included the coccyx (Fig. 2).

Spine MRI evaluation. All spine MRIs were reported by two musculoskeletal radiologists (with 5 and
12 years of experience respectively). Additionally, in study 1, a radiologist with 5 years of experience reviewed
the MRIs to finalize the data to be included for the evaluation of risk factors of concurrent TL] and SC fractures.
For each TL fracture, a TLICS score was applied’. An SC fracture was defined as a fracture with a typical cortical
disruption or fracture line, and a suspicious fracture line with combined bone marrow edema on T2 FS images.

Assessment of risk factors for concurrent TLJ and SC fractures. When using the modified protocol,
the following factors were assessed for risk associated with concurrent TLJ and SC fractures: age, sex, weight,
height, body mass index (BMI), bone mass density (BMD), TLICS score, number of T or L fractures, and trauma
mechanism. The TLICS score can be used as an indicator of the degree of injury. Trauma mechanism was clas-
sified into cases of axial load application to the sacral area (e.g., landing on the buttock due to a slip or fall) and
cases of non-axial loading (e.g., various mechanisms such as a traffic accident, excessive use of the waist, back
injury due to a sudden change in posture, etc.).

Statistical analysis. In study 1, patients with TLJ fracture were classified into two groups based on the
presence of SC fractures. For the demographic data, the chi-square test, and t-test, and Mann-Whitney U test
were used to assess the categorical or continuous variables as appropriate. To analyze the statistically significant
variables among the various risk factors, a binary logistic regression analysis was carried out. A multivariate
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Figure 1. Study enrolment flow chart for patients in study 1 (a) and study 2 (b). TLJ thoracolumbar junction,
SC sacrococcygeal.

logistic regression was additionally used for the correction of the multiple variables used. The modified protocol
allowed for the evaluation of CT and MRI scans; the McNemar’s test was used to assess SC fractures in cases of
TLJ fractures on CT and MRI scans after establishing MRI as the golden standard for assessing fractures. Addi-
tionally, the fracture rate was measured at each T and L spine level and the SC fracture rate was assessed using
the test of marginal homogeneity. In study 2, the frequency of fractures at each level of the TL] was charted using
a frequency analysis.

SPSS Statistics 20.0 was used for most of the statistical analyses, and SAS software 9.4 for the test of marginal
homogeneity in comparison between CT and MRI.
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Type L-spine MRI C-spine scout | T-spine scout
Sagittal Sagittal Sagittal Axial Axial Sagittal Sagittal

Parameter T2-WITSE T1-WITSE T2-WITSEFS | T2-WITSE T1-WITSE | T2-WI TSE FS* | T2-WI TSE FS*

TR (ms) 2860-4410 416-567 3000-4920 3600-7710 418-788 3560-4380 3000-4340

TE (ms) 82~90 10 84 100 15 83 or 88 82 or 85

Matrix size 512x410 448 x 269 448 x 314 384x230 384x230 448 x 269 384 x230
34x34 or 34x34or 34x34or

FOV (cm) 35 35¢ 35 35 35 35 16x16 16 x 16 22x22 32x32

Section thick- 3 3 3 4 4 3 3

ness (mm)

Intersection gap | , 5 0.6 0.6 0.3 03 03 0.6

(mm)

Echo train 16~19 5 17~21 16 3 17 17

length

No. Qf signals 5 1 2 5 5 2 5

acquired

Scan time (min) | 1'50"-2' 25" 1'30"-1" 41" 2'51"-3"41" 2'17"-3"14" | 2'27'-3"19" |2'30"-2'54" 215"

Table 1. Protocol of L-spine MR, including modified sequences. TE echo time, TR repetition time, No
number, FOV field of view, WI weighted image, TSE turbo spin-echo, FS fat saturation. Modified MRI
protocol*: The previous 32 cm x 32 cm of FOV has been changed to 34 cm x 34 cm or 35 cm x 35 cm.

Results

Subjects and demographic characteristics.  After applying the inclusion and exclusion criteria (Fig. 1),
176 adult patients with trauma (65 males and 111 females; mean age 64.31 +16.70 years) were enrolled in study
1 (scans performed with a modified MRI protocol) and 399 patients (176 males and 223 females; mean age
62.46+21.30 years old) were enrolled in study 2 (scans performed with a routine protocol).

Frequencies of concurrent TLJ and SC fractures. Among the scans performed with the routine pro-
tocol from 2017 to 2018, 399 patients presented with acute TL] fractures regardless of the trauma mechanism.
Of these, SC fractures were found in 36 patients (9.02%) (Fig. 3). Among the 541 patients with acute T or L
fractures, 41 patients had SC fractures (7.58%).

After applying the modified MRI protocol (from March 2019 to March 2020), 204 patients were found to have
acute TLJ fractures (Fig. 1a). After applying the exclusion criteria, 28 patients were excluded, and 176 patients
with acute traumatic TL] fractures were available for evaluation. Among them, 53 patients (30.14%) had SC
fractures (Fig. 3). The average interval between trauma and performed MRI was approximately 4 days (4.02)
and that between CT and MRI was approximately one day (1.14). Among the patients with SC fractures, the SC
fractures were higher in frequency in the S4-coccyx region than in the S1-3 region (Fig. 3). When demographic
characteristics were compared between patients with TLJ fractures only (n=123) and those with both TL] and
SC fractures (n=53), a significant difference between the two groups was found only with regard to the trauma
mechanism of axial loading (p <0.001; Table 2). In addition, of the 101 TLJ fractures that occurred due to axial
loading trauma, 45 had SC fractures (44.55%).

Risk factor analysis of TLJ and SC fractures when using the modified MRI protocol.  An analysis
of risk factors associated with concurrent TL] and SC fractures was carried out (Table 3). The odds ratio (OR)
was statistically significant only for a trauma mechanism of axial loading (OR 6.73, p<0.001). The odds ratio
for a trauma mechanism of axial loading remained significant (OR 7.0, p<0.001) even after correcting for and
analysing the variables in a multivariate analysis.

Differences between CT and MRI-based frequencies when using the modified MRI proto-
col. Among 176 patients in study 1, there were 153 patients who underwent both CT and MRI, and 23
patients who did not undergo CT or whose CT did not include all SC levels were excluded. When using the
modified MRI protocol, the method of detection to determine the frequency of TL] fractures and SC fractures
in CT and MRI scans was carried out as follows (Fig. 4, Table 4). The MRI scans reveals that there were 170 TL]
fractures in 153 patients with TL]J fractures, of which 47 patients had 52 SC fractures. Seven TLJ fractures and
21 SC fractures were not visible on CT, but were visible on MRI (Fig. 5). There was no significant difference in
fracture detection among TL] fractures, but there was a difference in the frequency of SC fracture detection, with
the difference being statistically significant in the T12 and L1 regions (p = 0.002, 0.014, respectively). The propor-
tion of SC fractures at the TL] region was also significantly increased on MRI scans compared to CT scans at the
T12 (MRI 13.73%, CT 7.19%, p=0.001) and L1 levels (MRI 11.76%, CT 7.84%, p=0.002).

Discussion

Two key results from this study, which aimed to identify concurrent TL] and SC fractures using a modified MRI
protocol, can be highlighted. First, using the modified MRI protocol in patients with trauma, the prevalence
of concurrent TLJ and SC fractures was found to be approximately 30%. This protocol changed only the FOV
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Figure 2. Example of concurrent fractures of the TL] and SC regions on L-spine MRIs using the modified
MRI protocol. Modified L-spine sagittal MRI scans with T2-WI (a) and T1-WI (b) show a recent compression
fracture (arrow) at the L1 vertebral body with PLC injury (arrowhead), and a recent fracture at the coccyx
upper body (open arrow), which is revealed on a modified L-spine CT scan (c). On scout scans with T2-WI fat
saturated sequence of cervical and thoracic spines (d, e), there is no recent fracture, but high signal intensity
change is seen in the interspinous ligament of C6/7, indicating ligament injury (arrow). TL] thoracolumbar
junction, SC sacrococcygeal, WI weighed image, PLC posterior ligamentous complex.

without affecting the scan time. Using the existing MRI protocol, the rate of SC fractures in TL and TLJ frac-
tures was found to be 7.58% (which was comparable to the rate of 7.1% found in a previous study*®) and 9.02%,
respectively, regardless of trauma.

There are several reasons that can explain these increased frequencies. First, the scans covered regions below
S2 and a comparison of studies 1 and 2 revealed that in addition to lower SC fractures, the identification of overall
SC fractures was increased. Second, we applied the common imaging modality of MRI, known to be a powerful
tool for evaluating spine fractures®'*?*?, In study 1, MRI was found to be significantly more sensitive than
CT in detecting SC fractures. Several previous studies on sacral fractures have demonstrated that MRI is the
most sensitive among various modalities (CT, MRI, bone scan etc.)'*!*?, and the CT is relatively less sensitive
in detecting sacral fractures®'®!7>>?%, Moreover, the ACR guidelines for SIF notes that MRI is very sensitive and
that it is the favored procedure rather than bone scan or CT. This is because MRI is more sensitive than CT in the
evaluation of stable, non-displaced SC fractures such as SIF?. Most of the newly discovered SC fractures in this
study were stable or lower SC fractures, and MRI would be more useful even in cases involving trauma. Third,
the FS sequence increased the sensitivity of detecting occult fractures at the SC spine. The FS sequence has been
known to be sensitive in detecting micro-fractures which are difficult to identify in T2WI or CT*"*. Fourth, in
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STUDY 1

TLJ -SC
n=123; 69.9%

n=13; 24.5%

n= 34: 64.2%

S1-3 fracture only

S4-coccyx fracture only
= Both S1-3 & S4-coccyx fractures

STUDY 2

n=10; 27.8%

TLJ - SC n= 14; 38.9%
n=363; 91.0%

n=12; 33.3%

S1-3 fracture only
S4-coccyx fracture only i
» Both S1-3 & S4-coccyx fractures ‘

Figure 3. Frequencies of accompanied SC fractures in patients with TL] fractures in study 1 and study 2, and
fracture frequencies of the upper and lower portion in patients with SC fracture. TLJ thoracolumbar junction,

SC sacrococcygeal.
TLJ only (n=123) TLJ +SC (n=53) P-value

Sex
Male 46 (37.4%) 19 (35.85%) 0.845
Female 77 (62.6%) 34 (64.15%)
Age (years) 63.88+17.12 65.3+£15.82 0.605
<50 25 (20.33%) 7 (13.21%) 0.261
=50 98 (79.67%) 46 (86.79%)
BMI (kg/m?) 23.76+£3.69 24.36+3.58 0.328
<185 5 (4.2%) 4(7.55%) 0.282
18.5~<25 73 (61.34%) 26 (49.06%)
>25 41 (34.45%) 23 (43.4%)
Height (cm) 160.44+9.43 160.26 £9.76 0913
Weight (kg) 61.45+12.69 62.92+12.79 0.485
BMD (g/cm?) 0.905+0.19 0.912+0.20 0.824
T score - 1.95+1.56 -1.93+1.57 0.943
>-25 69 (62.16%) 30 (57.69%) 0.586
<-25 42 (37.84%) 22 (42.31%)
TLICS score 2.89+1.42 2.77+1.37 0.583
1-3 78 (63.41%) 34 (64.15%) 0.926
>4 45 (36.59) 19 (35.85)
Number of fractures 1.12+0.472 1.09+0.295 0.694
Trauma mechanism
Axial loading 56 (45.53%) 45 (84.91%) <0.001*

Non- axial loading

67 (54.47%)

8 (15.09%)

Table 2. Demographics and risk factors for sacrococcygeal fractures. TL] thoracolumbar junction, TLJ +SC
thoracolumbar junction and sacrococcygeal fractures, BMI body mass index, BMD bone mass density, TLICS
Thoracolumbar Injury Classification and Severity; BMI was divided into low weight (< 18.5), normal (>18.5
and <25), and overweight (>25) groups as per the WHO classification. BMD was subdivided based on a
cutoff threshold corresponding to a value under — 2.5 of the T-score, which is considered to be reflective of
osteoporosis. TLICS values were divided into groups corresponding to 1-3 points for the group to receive a
conservative treatment and >4 points for the group in which to consider surgery. *p <0.05.
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Univariate Multivariable
Factors OR 95% CI P-value | OR 95% CI P-value
Sex
Male 0.935 | 0.479-1.828 | 0.845 1.339 | 0.569-3.153 0.504
Female 1 1
Age (years) 1.005 | 0.986-1.025 |0.603
<50 1 1
>50 1.676 | 0.676-4.158 | 0.265 1.282 | 0.452-3.639 0.641
BMI (kg/m?)
<18.5 2.246 | 0.56-9.008 0.253 1.447 |0.329-6.363 0.625
18.5~ <25 1 0.287 1 0.342
>25 1.575 ]0.799-3.106 | 0.190 1.721 | 0.824-3.595 0.148
Weight (kg) 0.998 | 0.965-1.033 | 0.912
Height (cm) 1.009 | 0.984-1.035 | 0.483
BMD (g/cm?) 1.216 |0.221-6.671 | 0.822
BMD (T-score)
>-25 1 1
<-25 1.205 |0.616-2.356 | 0.586 1.183 |0.521-2.685 0.688
TLICS score 0.943 | 0.746-1.192 | 0.623
1-3 1 1
>4 0.969 | 0.495-1.894 | 0.926 1.024 | 0.471-2.226 0.952
Trauma mechanism
Axial loading 6.730 |2.93-15.458 | <0.001* |7.004 |2.948-16.639 |<0.001*
Not axial loading | 1 1

Table 3. Univariate and multivariate logistic regression analyses of risk factors for SC fractures in patients
with TLJ fractures. SC sacrococcygeal, TL] thoracolumbar junction, OR odds ratio, CI confidential index, BMI
body mass index, BMD bone mass density, TLICS Thoracolumbar Injury Classification and Severity. *p <0.05.
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Figure 4. Comparison between CT and MRI in assessing the number of TL]J fractures and concurrent TL]
and SC fractures in study 1. TL] thoracolumbar junction, SC sacrococcygeal, TLJ + SC thoracolumbar with
sacrococcygeal.

study 1, radiologists could focus on discovering SC fractures among TL]J fractures when assessing the possible
presence of a tandem fracture and this may have led to the increased detection rate of concurrent fractures.
Our second key result was the finding that axial loading trauma mechanism was an important risk factor
for concurrent TL] and SC fractures. Although previous studies have not investigated the association between
concurrent fractures and axial loading, there have been two related studies: one showed no statistical significance
in any of the factors assessed?, while in the other, BMD (< 2.5) and old age were found to be risk factors'®. How-
ever, they were not limited to patients with trauma and SC fractures were restricted to SIFs only. Many previous
studies on SC fractures have mainly focused on insufficiency fractures, and the association with bone density and
related factors such as age has been mentioned®'>'. In our study, we could not completely separate traumatic
SC fractures from SIFs which were also frequently triggered by axial loading such as falling on the buttocks'.
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Accompanying SC fracture

Spinelevel | No. of fracture | Presence | No. of fracture (%) on MRI | No. of fracture (%) on CT | P value
(=) 5(71.43) 5(71.43)

T10 7 -
(+) 2(28.57) 2(28.57)
-) 10 (66.67) 13 (86.67)

T11 15 0.083
(+) 5(33.33) 2(13.33)
=) 31 (59.62) 41 (78.85)

T12 52 0.002*
(+) 21 (40.38) 11 (21.15)
) 41 (69.49) 47 (79.66)

L1 59 0.014*
+) 18 (30.51) 12 (20.34)
=) 31(83.78) 33(89.19)

L2 37 0.157
(+) 6 (16.22) 4(10.81)

Table 4. Comparison of performance of CT and MRI in detecting SC fractures. No number, SC
sacrococcygeal. *p <0.05.

Figure 5. Patients with recent compression fractures at the vertebral bodies of T11 and T12. On modified
L-spine CT (a), there is no definite acute fracture at the S3 body, or at T11 and T12. However, on the modified
L-spine MRI with T2WI fat saturation (b) and T1WI (c), fractures are shown at the vertebral bodies of T11, T12
(thin arrows), and the upper portion of the S3 body (thick arrow).

Nevertheless, fractures in young patients or those with a normal bone density may be more easily explained as
being traumatic. These concurrent fractures corresponded to noncontiguous multi-segment fractures and were
associated with high energy injuries®’; moreover, a high TLICS score was another factor linked to a high energy
injury’. However, these were not found to be significant risk factors for concurrent fractures, consistent with
findings from a previous study'’.

In our study, axial loading injuries were limited to falling on the buttocks. SIF mainly occurs at the S2 region
and frequently involves the sacral ala?®; however, in our study, SC fractures were seen in the lower SC spine,
consistent with previous studies'®'”. This may be because the lower SC spine is the area that is generally directly
impacted by injury. Moreover, the part under the center of gravity of the axial loading trauma moves posteriorly
while the upper thorax moves forward®"*2.

Despite a non-negligible incidence of SC fractures , most SC fractures are stable and managed
conservatively’™'!. Surgery is considered for cases involving major unstable fractures, presence of neurological
deficits, or severe malalignment'?. In this study, surgery was required in just one case in study 2. In study 1, when
patients with TLJ and SC fractures were followed-up, pain in the sacral area in some patients necessitated an
increase in the dosage and/or duration of pain medication. Furthermore, some patients were hospitalized again

9,14,15
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because of persistent neurological symptoms such as radiculopathy in the leg. When a concurrent SC fracture
is identified, delayed ambulation is recommended if the patient complains of pelvic pain with weight bearing.
However, the motility restriction period of patients with concurrent TL] and SC fractures was not different com-
pared to only a TL fracture. Additionally, a few patients complained of pelvic dysthesia without critical bowel
or urinary dysfunction. However, none of them showed any indications that warranted surgery. This might be
because additional fractures in study 1 were diagnosed more often in the S4-coccyx area than in the S1-3 region.
Clinically, S4-coccyx fractures are stable without the accompaniment of neurologic deficits. The diagnosis of
SC fracture is correlated to clinically concealed lower back or pelvic pain in TL fractures®, which tends to get
neglected. Furthermore, even though clinicians may suspect fractures, they are often missed on radiography and
CT. However, if clinicians identify concurrent fractures using the modified MRI protocol, they can explain the
cause of pain, suggest life style modifications, and consider conservative treatment***. Although most of the
additional SC fractures that were detected in this study were stable, we believe that this modified MRI protocol
could be very helpful in improving the quality of life of patients by helping clinicians better understand the
patients’ symptoms rather than focusing solely for making decisions for surgery.

Our study has several limitations. First, this study was based on a small sample size which is not reflective of
the wider community of patients. Larger, multi-centric studies may address this limitation. Second, the modified
MRI protocol may incur some criticism in evaluating degenerative spine pathology. When the FOV is large, the
spatial resolution decreases along with an increased signal-to-noise ratio. However, simply extending the FOV
by 2-3 cm in the sagittal scans did not affect the critical evaluation of posterior ligamentous complex injuries or
neurologic structures and did not have a significant effect on our diagnoses of other pathologies. Third, in this
study, we did not evaluate routine thoracolumbar spine MRI scans in cases involving pelvic bone fracture if the
pelvic bone fracture patient did not complain of back pain; this is because the trauma mechanism of pelvic bone
fracture is widely varied from axial loading to shearing force and direct injury'®. However, in cases involving axial
loading, the possibility of concealed spine fracture(s) accompanying pelvic bone fracture cannot be discounted.

In conclusion, the frequency of concurrent SC and TLJ fractures as detected by the modified MRI protocol
was approximately 30%. An axial loading mechanism of injury was the only significant risk factor associated
with these concurrent fractures, regardless of osteoporosis or age. In addition, radiologists need to be mindful
of the SC area when assessing TL] fractures to improve the detection of co-existing SC fractures.

Received: 13 June 2020; Accepted: 22 February 2021
Published online: 11 March 2021

References

1. Rajasekaran, S., Kanna, R. M. & Shetty, A. P. Management of thoracolumbar spine trauma: An overview. Indian J. Orthop. 49,
72-82. https://doi.org/10.4103/0019-5413.143914 (2015).

2. Huy, R, Mustard, C. A. & Burns, C. Epidemiology of incident spinal fracture in a complete population. Spine (Phila Pa 1976) 21,
492-499. https://doi.org/10.1097/00007632-199602150-00016 (1996).

3. Denis, E The three column spine and its significance in the classification of acute thoracolumbar spinal injuries. Spine (Phila Pa
1976) 8, 817-831. https://doi.org/10.1097/00007632-198311000-00003 (1983).

4. Wall, B. A. et al. Functional outcomes of thoracolumbar junction spine fractures. Kans J. Med. 10, 30-34 (2017).

5. Wood, K. B,, Li, W,, Lebl, D. R. & Ploumis, A. Management of thoracolumbar spine fractures. Spine J. 14, 145-164. https://doi.
org/10.1016/j.spinee.2012.10.041 (2014).

6. Bensch, E. V., Kiuru, M. J., Koivikko, M. P. & Koskinen, S. K. Spine fractures in falling accidents: Analysis of multidetector CT
findings. Eur. Radiol. 14, 618-624. https://doi.org/10.1007/s00330-003-2090-6 (2004).

7. Khurana, B., Sheehan, S. E., Sodickson, A., Bono, C. M. & Harris, M. B. Traumatic thoracolumbar spine injuries: What the spine
surgeon wants to know. Radiographics 33, 2031-2046. https://doi.org/10.1148/rg.337135018 (2013).

8. Saifuddin, A., Noordeen, H., Taylor, B. A. & Bayley, I. The role of imaging in the diagnosis and management of thoracolumbar
burst fractures: Current concepts and a review of the literature. Skelet. Radiol. 25, 603-613. https://doi.org/10.1007/s002560050
145 (1996).

9. Lyders, E. M., Whitlow, C. T., Baker, M. D. & Morris, P. P. Imaging and treatment of sacral insufficiency fractures. AJNR Am. J.
Neuroradiol. 31, 201-210. https://doi.org/10.3174/ajnr.A1666 (2010).

10. Bydon, M. et al. Sacral fractures. Neurosurg. Focus 37, E12. https://doi.org/10.3171/2014.5.FOCUS1474 (2014).

11. Robles, L. A. Transverse sacral fractures. Spine J. 9, 60-69. https://doi.org/10.1016/j.spinee.2007.08.006 (2009).

12. Kaul, R. et al. Reliability assessment of AOSpine thoracolumbar spine injury classification system and Thoracolumbar Injury Clas-
sification and Severity Score (TLICS) for thoracolumbar spine injuries: Results of a multicentre study. Eur. Spine J. 26, 1470-1476.
https://doi.org/10.1007/s00586-016-4663-5 (2017).

13. Mohamadi, A., Googanian, A., Ahmadi, A. & Kamali, A. Comparison of surgical or nonsurgical treatment outcomes in patients
with thoracolumbar fracture with Score 4 of TLICS: A randomized, single-blind, and single-central clinical trial. Medicine (Bal-
timore) 97, €9842. https://doi.org/10.1097/MD.0000000000009842 (2018).

14. Tamaki, Y. et al. Incidence and clinical features of sacral insufficiency fracture in the emergency department. Am. J. Emerg. Med.
35, 1314-1316. https://doi.org/10.1016/j.ajem.2017.03.037 (2017).

15. Kao, E C. et al. Osteoporotic sacral insufficiency fracture: An easily neglected disease in elderly patients. Medicine (Baltimore) 96,
€9100. https://doi.org/10.1097/MD.0000000000009100 (2017).

16. Hatgis, J., Granville, M., Jacobson, R. E. & Berti, A. Sacral insufficiency fractures: Recognition and treatment in patients with
concurrent lumbar vertebral compression fractures. Cureus 9, e1008. https://doi.org/10.7759/cureus.1008 (2017).

17. Beckmann, N. M. & Chinapuvvula, N. R. Sacral fractures: Classification and management. Emerg. Radiol. 24, 605-617. https://
doi.org/10.1007/s10140-017-1533-3 (2017).

18. Rodrigues-Pinto, R. et al. Sacral fractures and associated injuries. Glob. Spine J. 7, 609-616. https://doi.org/10.1177/2192568217
701097 (2017).

19. Heo, D.-R,, Lee, J. & Park, Y.-S. Sacral insufficiency fracture with compression fracture of the thoracolumbar spine. Osteoporos.
Sarcopenia 1, 70-74. https://doi.org/10.1016/j.af0s.2015.07.002 (2015).

20. Expert Panel on Neurological, I. et al. ACR appropriateness criteria((R)) suspected spine trauma. J. Am. Coll. Radiol. 16, S264-S285.
https://doi.org/10.1016/j.jacr.2019.02.002 (2019).

21. Kaniewska, M. et al. Whole spine localizers of magnetic resonance imaging detect unexpected vertebral fractures. Acta Radiol. 60,
742-748. https://doi.org/10.1177/0284185118796673 (2019).

Scientific Reports |

(2021) 11:5628 | https://doi.org/10.1038/s41598-021-85167-9 nature portfolio


https://doi.org/10.4103/0019-5413.143914
https://doi.org/10.1097/00007632-199602150-00016
https://doi.org/10.1097/00007632-198311000-00003
https://doi.org/10.1016/j.spinee.2012.10.041
https://doi.org/10.1016/j.spinee.2012.10.041
https://doi.org/10.1007/s00330-003-2090-6
https://doi.org/10.1148/rg.337135018
https://doi.org/10.1007/s002560050145
https://doi.org/10.1007/s002560050145
https://doi.org/10.3174/ajnr.A1666
https://doi.org/10.3171/2014.5.FOCUS1474
https://doi.org/10.1016/j.spinee.2007.08.006
https://doi.org/10.1007/s00586-016-4663-5
https://doi.org/10.1097/MD.0000000000009842
https://doi.org/10.1016/j.ajem.2017.03.037
https://doi.org/10.1097/MD.0000000000009100
https://doi.org/10.7759/cureus.1008
https://doi.org/10.1007/s10140-017-1533-3
https://doi.org/10.1007/s10140-017-1533-3
https://doi.org/10.1177/2192568217701097
https://doi.org/10.1177/2192568217701097
https://doi.org/10.1016/j.afos.2015.07.002
https://doi.org/10.1016/j.jacr.2019.02.002
https://doi.org/10.1177/0284185118796673

www.nature.com/scientificreports/

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

Saifuddin, A. MRI of acute spinal trauma. Skelet. Radiol. 30, 237-246. https://doi.org/10.1007/s002560100354 (2001).
Rajasekaran, S. et al. The value of CT and MRI in the classification and surgical decision-making among spine surgeons in thora-
columbar spinal injuries. Eur. Spine J. 26, 1463-1469. https://doi.org/10.1007/s00586-016-4623-0 (2017).

ACR practice parameter for performing and interpreting magnetic resonance imaging (MRI). https://www.acr.org/-/media/ ACR/
Files/Practice-Parameters/MR-PerfInterpret.pdf (2011).

Expert Panel on Musculoskeletal, I. et al. ACR appropriateness criteria((R)) stress (fatigue/insufficiency) fracture, including sacrum,
excluding other vertebrae. J. Am. Coll. Radiol. 14, $293-5306. https://doi.org/10.1016/j.jacr.2017.02.035 (2017).

Lee, H. B. et al. Sacral insufficiency fracture with osteoporotic compression fracture of the thoracolumbar spine—Incidence and
high risk factors. Korean J. Spine 5, 75-80 (2008).

Qaiyum, M., Tyrrell, P. N., McCall, I. W. & Cassar-Pullicino, V. N. MRI detection of unsuspected vertebral injury in acute spinal
trauma: Incidence and significance. Skelet. Radiol. 30, 299-304. https://doi.org/10.1007/s002560100329 (2001).

Kim, Y. Y., Chung, B. M. & Kim, W. T. Lumbar spine MRI versus non-lumbar imaging modalities in the diagnosis of sacral insuf-
ficiency fracture: A retrospective observational study. BMC Musculoskelet. Disord. 19, 257. https://doi.org/10.1186/s12891-018-
2189-1 (2018).

Shah, L. M. & Hanrahan, C. J. MRI of spinal bone marrow: Part I, techniques and normal age-related appearances. AJR Am. J.
Roentgenol. 197, 1298-1308. https://doi.org/10.2214/AJR.11.7005 (2011).

Korres, D. S. et al. Multiple level noncontiguous fractures of the spine. Clin. Orthop. Relat. Res. https://doi.org/10.1097/01.blo.00000
68362.47147.22 (2003).

Briggs, A. M., Greig, A. M., Wark, J. D., Fazzalari, N. L. & Bennell, K. L. A review of anatomical and mechanical factors affecting
vertebral body integrity. Int. ]. Med. Sci. 1, 170-180. https://doi.org/10.7150/ijms.1.170 (2004).

Heary, R. F. & Kumar, S. Decision-making in burst fractures of the thoracolumbar and lumbar spine. Indian J. Orthop. 41, 268-276.
https://doi.org/10.4103/0019-5413.36986 (2007).

Lourie, H. Spontaneous osteoporotic fracture of the sacrum. An unrecognized syndrome of the elderly. JAMA 248, 715-717 (1982).
Newhouse, K. E., el-Khoury, G. Y. & Buckwalter, J. A. Occult sacral fractures in osteopenic patients. J. Bone Jt. Surg. Am. 74,
1472-1477 (1992).

Gotis-Graham, I. et al. Sacral insufficiency fractures in the elderly. J. Bone Jt. Surg. Br. 76, 882-886 (1994).

Acknowledgements
The authors also thank Deokyeon Jo for her efforts in data collection.

Author contributions

E.K.K. and I.C. conceived and planned this study. I.C. and E.K.K. performed the experiments. E.K.K,, J.A.C.,
and YW.K. performed the measurement and analysis of the data. E.K.K., J.A.C. and I.C. aided in interpreting
the results. E.K.K. and I.C. drafted and edited the manuscript in consultation with I.C. All authors discussed the
results and commented on the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to I.C.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, 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 changes were made. 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 http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:5628 | https://doi.org/10.1038/s41598-021-85167-9 nature portfolio


https://doi.org/10.1007/s002560100354
https://doi.org/10.1007/s00586-016-4623-0
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-PerfInterpret.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-PerfInterpret.pdf
https://doi.org/10.1016/j.jacr.2017.02.035
https://doi.org/10.1007/s002560100329
https://doi.org/10.1186/s12891-018-2189-1
https://doi.org/10.1186/s12891-018-2189-1
https://doi.org/10.2214/AJR.11.7005
https://doi.org/10.1097/01.blo.0000068362.47147.a2
https://doi.org/10.1097/01.blo.0000068362.47147.a2
https://doi.org/10.7150/ijms.1.170
https://doi.org/10.4103/0019-5413.36986
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A modified MRI protocol for the increased detection of sacrococcygeal fractures in patients with thoracolumbar junction fractures
	Methods
	Study design and enrolment. 
	Study 1. 
	Study 2. 
	Routine and modified spine MRI protocols. 
	Spine MRI evaluation. 
	Assessment of risk factors for concurrent TLJ and SC fractures. 
	Statistical analysis. 

	Results
	Subjects and demographic characteristics. 
	Frequencies of concurrent TLJ and SC fractures. 
	Risk factor analysis of TLJ and SC fractures when using the modified MRI protocol. 
	Differences between CT and MRI-based frequencies when using the modified MRI protocol. 

	Discussion
	References
	Acknowledgements


