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Abstract 

Background: It is common practice to use a combination approach of computed tomography (CT) scan followed by 
upright radiographs when assessing traumatic thoracolumbar (TL) vertebral fractures. The purpose of this study was 
to determine the clinical utility of upright spine radiographs in the setting of traumatic TL fracture management. Our 
null hypothesis is that upright TL radiographs rarely change management of acute vertebral fractures.

Methods: A retrospective study was performed on patients with an initial plan of non‑operative management for 
a TL fracture between January 2014 and June 2020 at a single Level 1 trauma center. Patients were followed from 
time of initial consult to either conversion to surgery (operative) or last available outpatient follow up imaging (non‑
operative). Lateral kyphotic angle of the fractured vertebra and anterior vertebral body height% loss on initial CT, 
first upright radiograph, and endpoint upright radiograph imaging were measured. Measurements were compared 
between and within operative and non‑operative groups using t‑tests and Mann‑Whitney U tests when appropriate. 
P‑values ≤ 0.05 were considered statistically significant.

Results: The study included 70 patients with an average age of 54 years and 37 (52.9%) were women. Six (8.6%) of 
70 patients had a change from non‑operative to operative management based on upright radiographs. The mean 
(standard deviation) change in degrees of kyphosis from CT scan to first X‑ray was 4.6 (7.0) in the non‑operative group 
and 11.5 (8.1) in the operative group (P = 0.03). Delta degrees of kyphosis from CT scan to endpoint X‑ray was 6.4 
(9.0) and 16.2 (6.2) in the non‑operative and operative groups, respectively (P = 0.01). In the operative group, mean 
degrees of kyphosis increased from 1.6 (7.6) in initial CT to 13.1 (8.9) in first X‑ray (P = 0.02). First X‑ray mean anterior 
body height% loss was 37.5 (17.6) and 53.2 (16.1) in the non‑operative and operative groups, respectively (P = 0.04).

Conclusions: Upright radiographs are useful in guiding traumatic vertebral fracture management decisions. Larger 
studies are needed to determine the degree of change in kyphosis between CT and first standing radiograph that is 
suggestive of operative management.

Trial registration number and date of registration: Not applicable.
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Background
The rate of thoracolumbar (TL) vertebral fractures in 
blunt trauma has been identified to be 6.90% with the 
most common causes being attributed to high-energy 
trauma such as motor vehicle collisions and falls [1]. TL 
fractures can result in neurological damage, chronic pain, 
deformity, decreased quality of life, and limitations in 
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activity or return to work [2–4]. Therefore, it is important 
to appropriately manage these fractures by stratifying 
them into conservatively managed stable fractures versus 
unstable fractures requiring surgical stabilization.

TL fractures are often first identified on a computed 
tomography (CT) scan in the emergency setting. This is 
because guidelines for the use of a CT scan include pol-
ytrauma, high velocity trauma, and suspicion of a verte-
bral fracture [4–6]. When clinical and imaging findings 
indicate a stable fracture, these fractures can be treated 
conservatively with or without bracing whereas unstable 
fractures are managed surgically. Stability is of primary 
importance when guiding operative versus non-operative 
management decisions for vertebral fractures. Mechani-
cal stability of a vertebral fracture is determined by sev-
eral factors, including the location and orientation of the 
fracture and the integrity of ligamentous stabilizers of the 
spinal column such as the posterior ligamentous com-
plex (PLC) [7, 8]. These characteristics can be assessed 
using both CT and plain radiographic imaging. Signs 
on imaging such as > 50% decrease in anterior vertebral 
body height and > 20–30° of kyphotic deformity are sug-
gestive of PLC injury and mechanical instability [7–9]. Of 
course, imaging is only one component of vertebral frac-
ture assessment and operative versus non-operative man-
agement decisions are multifactorial.

There have been various classification systems designed 
to categorize TL fracture severity and help guide treat-
ment decisions [10–12]. One of the most widely used 
scoring systems is the Thoracolumbar Injury Classifica-
tion and Severity Score (TLICS) created by Vaccaro et al. 
[13]. TLICS is supported as a validated, safe, and effective 
treatment recommendation for vertebral fractures with 
good intra- and interrater reliability [14, 15]. The TLICS 
scoring system can be completed using clinical findings 
and CT imaging, yet upright radiographs are also used to 
evaluate fracture stability in certain circumstances.

When a TL fracture appears to be stable/non-operative 
or indeterminate on CT, it is often interrogated for sta-
bility with an upright radiograph with or without the use 
of a thoracic-lumbar-sacral orthosis (TLSO) brace [5, 9, 
16]. This practice gained support after Mehta et al. [17] 
showed an average increase in anterior vertebral com-
pression of 12% and lateral Cobb angle of 7° between 
supine and weight-bearing radiographs, which led to a 
change from non-operative to operative management in 
7/28 (25%) of patients. Although using a combination 
approach of both CT and upright radiographs for these 
cases is common practice, it is unclear how often these 
radiographs change clinical management.

The clinical utility of upright radiographs and their 
effect on the course of treatment for acute TL verte-
bral fractures based on change of kyphosis and anterior 

vertebral body height loss between CT and upright 
radiograph images is evaluated in this study. Our null 
hypothesis is that using standing radiographs to assess 
spine stability after CT rarely change the course of treat-
ment (surgical versus non-surgical) and therefore have a 
low utility. If there is no significant difference between 
the surgical and non-surgical groups, the elimination of 
standing radiographs from use in this setting would lead 
to cost savings and the prevention of needless radiation 
exposure [18, 19].

Methods
Approval for a retrospective review of patient records 
at a single Level 1 trauma center was obtained from our 
Institutional Review Board. We reviewed all records of 
patients who presented to the emergency department 
with acute TL vertebral fractures from January 1, 2014 to 
June 30, 2020. The review was further limited to patients 
who had a subsequent Current Procedural Terminology 
code for a TL radiograph. Upright radiographs included 
images documented as “standing” and “upright.”

Inclusion criteria consisted of patients ≥ 18 years of age 
who had a TL fracture, CT scan and subsequent upright 
radiograph, and an initial plan of non-operative manage-
ment for their TL fracture after CT scan and before an 
upright radiograph was taken. All patients in this study 
received a CT scan as the first imaging modality for their 
TL fracture around the time of the ED visit or hospital 
admission day. Exclusion criteria included patients with 
missing images (CT scan and/or first upright radio-
graph) or images in the incorrect order (upright radio-
graph before CT scan), neurological deficits, pathological 
fractures, and patients who could not have surgery due 
to medical reasons. Patients with unstable TL vertebral 
fractures or those who underwent surgery before receiv-
ing an upright radiograph were also excluded due to 
immediate operative fixation at the time of initial consult 
(Fig. 1).

A detailed chart review was then conducted on the 
remaining patients who were considered to be initially 
non-operative. Demographic data and baseline charac-
teristics including age, sex, polytrauma, fracture charac-
teristics (location, type, morphology, multiple fractures), 
PLC injury, surgeon type (orthopaedic and neurosur-
gery), and TLSO use were abstracted from patient charts 
(Table  1). Polytrauma was defined as a patient with 
another skeletal fracture in addition to a vertebral frac-
ture such as a rib or distal radius fracture. Patient overall 
TLICS scores at the time of initial consult note were col-
lected from patient charts. The TLICS scoring system is 
divided into three groups consisting of fracture morphol-
ogy (1–4 points), neurological involvement (0–3 points), 
and PCL integrity (0–3 points). These categories are 
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added together for a total score, which recommends non-
operative management for ≤ 3 points, non-operative or 
operative management for 4 points, and operative man-
agement for ≥ 5 points [13].

Patients were followed from the initial TL fracture con-
sult note to either time of operative fracture fixation or 
last available outpatient follow up to determine if treat-
ment changed after a standing TL radiograph. Change of 
treatment was defined as a patient who received opera-
tive stabilization of a TL fracture after an upright radio-
graph was taken. The decision to convert to operative 
management after a TL upright radiograph was multi-
factorial and at the discretion of the consulting physician. 
A total of 16 consulting physicians (9 neurosurgeons and 
7 orthopaedic surgeons) were responsible for manage-
ment decisions including use of a TLSO and conversion 
to surgery for the patients included in this study. Fac-
tors contributing to the operative versus non-operative 
decision included pain level, comorbidities, social sup-
port, increased kyphosis and/or vertebral height loss on 
upright radiograph when compared to CT scan, PLC 

integrity, findings on magnetic resonance imaging, and 
TLICS score. Patients who underwent spine surgery for 
their TL fracture at any point during the study period 
were placed in the operative group and those who did not 
have surgery for their TL fracture were placed in the non-
operative group.

PACS imaging software and embedded imagining 
tools (kyphosis angle, height ratio) were used for all 
measurements. Degrees of kyphosis through the frac-
tured vertebra and anterior vertebral body height% 
loss were measured for each patient on all available 
relevant imaging, which consisted of a midline sagittal 
CT cut at the time of diagnosis and lateral view upright 
radiographs on all subsequent imaging. First X-ray 
was the first upright radiograph taken after initial CT 
scan during the index admission/emergency depart-
ment visit. Endpoint X-ray was the final radiograph at 
the last available outpatient follow up appointment or 
the final upright radiograph before conversion to sur-
gery. Kyphosis angle was measured from the inferior 
endplate of the vertebra above the fractured vertebra 

Fig. 1 Flowchart of Patients Included
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Table 1 Patient characteristics

Total
n = 70

Non-operative n = 64 Operative n = 6 P Value

Age P = 0.3954

  Mean (SD) 53.6 (22.3) 52.9 (22.5) 60.3 (20.2)

  Range 18–95 18–95 25–79

Sex P = 1

  Female 37 34 (53%) 3 (50%)

  Male 33 30 (47%) 3 (50%)

Poly-Trauma P = 1

  No 43 39 (61%) 4 (67%)

  Yes 27 25 (39%) 2 (33%)

Fracture Location P = 0.3387

  Thoracic Fracture(s) 31 30 (47%) 1 (17%)

  Lumbar Fracture(s) 29 25 (39%) 4 (67%)

  Thoracic and Lumbar Fractures 10 9 (14%) 1 (17%)

Fracture Level P = 0.3501

  T8 1 1 (2%) 0 (0%)

  T9 1 1 (2%) 0 (0%)

  T10 2 2 (3%) 0 (0%)

  T11 5 4 (6%) 1 (17%)

  T12 28 28 (44%) 0 (0%)

  L1 27 22 (34%) 5 (83%)

  L2 5 5 (8%) 0 (0%)

  L3 1 1 (2%) 0 (0%)

Multiple Vertebral Fractures P = 0.6663

  No 50 45 (70%) 5 (83%)

  Yes 20 19 (30%) 1 (17%)

Fracture Morphology P = 0.3106

  Thoracic Compression 24 24 (38%) 0 (0%)

  Thoracic Burst 11 10 (16%) 1 (17%)

  Thoracic Flexion‑Distraction 2 2 (3%) 0 (0%)

  Lumbar Compression 17 15 (23%) 2 (33%)

  Lumbar Burst 16 13 (20%) 3 (50%)

TLICS Score P = 0.3893

  1 36 34 (53%) 2 (33%)

  2 16 15 (23%) 1 (17%)

  3 4 4 (6%) 0 (0%)

  4 12 9 (14%) 3 (50%)

  6 1 1 (2%) 0 (0%)

  7 1 1 (2%) 0 (0%)

PLC Injury P = 0.2488

  No Injury 53 50 (78%) 3 (50%)

  Indeterminate/Suspected 16 13 (20%) 3 (50%)

  Injured 1 1 (2%) 0 (0%)

Consulting Surgeon P = 1

  Orthopaedic 28 26 (41%) 2 (33%)

  Neurosurgery 42 38 (59%) 4 (67%)

TLSO in First X-Ray P = 0.028
  No 32 32 (50%) 0 (0%)

  Yes 38 32 (50%) 6 (100%)

TLSO in Final X-Ray P = 0.0093
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to the superior endplate of the vertebra below the frac-
tured vertebra. An example of kyphosis measurement 
in initial CT scan and first upright radiograph for a 
non-operative and operative patient is shown in Fig. 2. 
The contrast was adjusted on available imaging until 
the vertebral body was seen most clearly to obtain as 
accurate measurement as possible. Anterior vertebral 
body height% loss was measured as a ratio of the pos-
terior and anterior body heights (Fig. 3a). If the poste-
rior middle column of the vertebral body was affected 
by the fracture, the posterior body of the vertebrae 
below the fractured vertebrae was used for the anterior 

body height loss percent ratio (Fig.  3b). If consecu-
tive vertebrae were fractured, the most severe fracture 
or vertebral fracture level documented in the consult 
note was used for kyphotic angle and anterior vertebral 
body height% loss measurement. Use of TLSO in each 
upright radiograph was also documented.

Degrees of kyphosis and anterior body height loss 
were recorded for non-operative and operative groups 
and compared between and within non-operative and 
operative groups at three timepoints: initial CT, first 
standing radiograph during the index admission, and 
final standing radiograph at endpoint. Additionally, 

Table 1 (continued)

Total
n = 70

Non-operative n = 64 Operative n = 6 P Value

  No 57 55 (86%) 2 (33%)

  Yes 13 9 (14%) 4 (67%)

Fig. 2 Kyphosis angle measurement
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mean change in kyphosis and anterior body height 
loss from initial CT scan to first upright radiograph 
and from initial CT scan to final upright radiograph 
was compared between and within non-operative and 
operative groups.

Statistical analyses were performed using SAS ver-
sion 9.4. Categorical variables between non-oper-
ative and operative groups were compared using 
chi-square analysis. When comparing continuous vari-
ables between and within non-operative and operative 
groups, samples were tested for normal distributions 
and the appropriate analyses were performed. Specifi-
cally, independent two sample t-tests were performed 
on samples with normally distributed values while 
Mann-Whitney U tests were performed on samples 
without normally distributed values. P-values ≤ 0.05 
were considered statistically significant.

Results
Initial chart review yielded 143 patients with a TL 
fracture during the study period. After applying exclu-
sion criteria, 70 patients with an initial non-operative 
management plan for their TL fracture were found to 
be eligible for this study. The study included 33 men 
and 37 women with an average age of 53 and 60 years 
in the non-operative and operative groups, respec-
tively (Table  1). A total of 37 thoracic and 33 lumbar 

fractures were examined with morphologies consist-
ing of compression, burst, and flexion-distraction. The 
most common TLICS score was 1 (53%) and 4 (50%) in 
the non-operative and operative patients, respectively. 
For the first upright radiograph, 32 (50%) non-operative 
patients and 6 (100%) operative patients wore a TLSO 
brace. TLSO use in the final upright radiograph was 
9 (14%) and 4 (67%) in the non-operative and opera-
tive groups, respectively. When comparing non-oper-
ative and operative groups, there was a significant 
difference between TLSO use in the first upright radi-
ograph (P = 0.03) and in the final upright radiograph 
(P = 0.009). Mean (standard deviation) time in days 
from CT scan to first X-ray was 8.5 (13.7) and 2.2 (3.1) 
in the non-operative and operative groups, respectively 
(P = 0.21). The average time in weeks from CT scan to 
endpoint X-ray was 14.2 (16.3) in the non-operative 
group and 1.3 (1.7) in the operative group (P = 0.001).

Of the included 70 patients, six patients went on to 
have surgical stabilization of their TL fracture after an 
upright radiograph. Four of these patients with fracture 
morphologies of L1 burst (2), L1 compression, and T11 
burst underwent surgery during the index admission 
after their first upright radiograph. The remaining two 
patients with fracture morphologies of L1 compression 
and L1 burst had surgical stabilization of their TL frac-
ture after outpatient follow up radiographs demonstrated 

Fig. 3 Anterior vertebral body height measurement
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late fracture subsidence. Factors contributing to the deci-
sion to convert to surgery included increased kyphosis 
or anterior body height loss in first upright radiograph 
when compared to CT scan and case-specific details 
such as unbearable pain and discussion with the patient 
(Table  2). For operative patients, change in kyphosis 
ranged from 0 to 22.7 degrees and change in anterior ver-
tebral body height loss ranged from − 5 to 53% between 
CT scan and first upright radiograph (Table 3).

When comparing the non-operative and opera-
tive groups, there was no difference in mean degrees of 
kyphosis at initial CT (P = 0.41) and first X-ray (P = 0.15). 
There was a difference between non-operative and opera-
tive groups in mean degrees of kyphosis at the endpoint 
X-ray. The mean (standard deviation) at endpoint X-ray 
was 9.5 (11.8) and 17.8 (8.3) for the non-operative and 
operative groups, respectively (P = 0.02). Change in 

degrees of kyphosis from CT scan to first X-ray was 4.6 
(7.0) in the non-operative group and 11.5 (8.1) in the 
operative group (P = 0.03). Delta degrees of kyphosis 
from CT scan to endpoint X-ray was 6.4 (9.0) and 16.2 
(6.2) in the non-operative and operative groups, respec-
tively (P = 0.01). Mean anterior body height% loss was 
37.5 (17.6) in the non-operative group and 53.2 (16.1) 
in the operative group at the first X-ray (P = 0.04). At 
the endpoint X-ray, mean anterior body height% loss 
was 42.5 (19.7) and 61.3 (15.9) in the non-operative and 
operative groups, respectively (P = 0.02). There was no 
difference between non-operative and operative groups 
in change in anterior body height% loss from CT scan to 
first X-ray (P = 0.34) and from CT scan to endpoint X-ray 
(P = 0.10) (Table 4).

Degrees of kyphosis and anterior body height% loss 
both significantly increased when comparing initial CT to 

Table 2 Description of operative management cases

Converted to Surgery After Outpaitent Follow Up

CASE 1 CASE 2
Age: 76 years old Age: 50 years old

Sex: Female Sex: Male

Fracture Type: L1 Compression Fracture Type: L1 Burst

Polytrauma: No Polytrauma: No

TLICS: 1 (+ 1 for compression fracture) TLICS: 4 (+ 2 burst, + 2 PLC indeterminate)

Consulting Surgeon: Neurosurgeon Consulting Surgeon: Neurosurgeon

Factors contributing to operative decision: Endpoint X‑ray at one month 
follow up showed an increase in kyphosis of 24.4 degrees and an increase 
in anterior body height loss of 45% when compared to first upright X‑ray. 
Patient was having unbearable pain.

Factors contributing to operative decision: Endpoint X‑ray at three month 
follow up showed slight increase in kyphosis of 3.8 degrees and an increase 
in anterior body height loss of 7% when compared to first upright X‑ray. 
Increased narrowing of T12‑L1 disc space and osseous retropulsion on 
endpoint X‑ray.

Converted to Surgery During Index Admission
CASE 3 CASE 4
Age: 79 years old Age: 25 years old

Sex: Female Sex: Male

Fracture Type: L1 Compression Fracture Type: T11 Burst

Polytrauma: No Polytrauma: Yes

TLICS: 1 (+ 1 for compression fracture) TLICS: 4 (+ 2 burst, + 2 PLC indeterminate)

Consulting Surgeon: Neurosurgeon Consulting Surgeon: Orthopaedic

Factors contributing to operative decision: First upright X‑ray showed 
an anterior body height loss of 77%, which was a 46% increase in kypho‑
sis when compared to CT scan. Patient was having difficulties ambulating.

Factors contributing to operative decision: Increase in degrees of 
kyphosis and anterior body height loss in first upright radiograph when 
compared to CT scan.

CASE 5 CASE 6
Age: 62 years old Age: 70 years old

Sex: Female Sex: Male

Fracture Type: L1 Burst Fracture Type: L1 Burst

Polytrauma: No Polytrauma: Yes

TLICS: 4 (+ 2 burst, + 2 PLC indeterminate) TLICS: 2 (+ 2 for burst fracture)

Consulting Surgeon: Orthopaedic Consulting Surgeon: Neurosurgeon

Factors contributing to operative decision: Increase in degrees of 
kyphosis, anterior body height loss, and retropulsion (CT − 1 mm, First 
X‑ray − 5 mm) in first upright radiograph when compared to CT scan.

Factors contributing to operative decision: Increase in degrees of 
kyphosis and anterior body height loss in first upright radiograph when 
compared to CT scan. Discussion with patient.
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first X-ray in the non-operative group. The mean (stand-
ard deviation) degrees of kyphosis in initial CT scan 3.4 
(8.0) differed from 8 (10.2) in the first X-ray (P < 0.001). 
Anterior body height% loss was 28.3 (16.1) and 37.5 (17.6) 
in the initial CT and first X-ray, respectively (P < 0.001). 
In the operative group, degrees of kyphosis increased 
from 1.6 (7.6) in initial CT to 13.1 (8.9) in first X-ray 
(P = 0.02). Both non-operative and operative groups had 
an increase in degrees of kyphosis and anterior body 
height% loss when comparing initial CT scan and end-
point X-ray measurements between individual treatment 
groups. The increase in degrees of kyphosis between ini-
tial CT 1.6 (7.58) and endpoint X-ray 17.8 (8.34) within 
the operative group was the only comparison of this type 
to be non-significant (P = 0.29) (Table 5).

Discussion
The decision of whether to treat a TL vertebral fracture 
either conservatively or with surgery can be challenging. 
The validated TLICS scoring system is an objective and 

effective tool for guiding operative versus non-operative 
decisions for management of vertebral fractures; how-
ever, a score of 4 is indeterminate [20]. The decision to 
proceed to surgery for vertebral fractures with indeter-
minate stability (TLICS score 4) and potentially stable 
fractures (TLICS score ≤ 3) is affected by a combination 
of several different factors. Radiographic factors that are 
used to guide management decisions include kyphotic 
angle, severity of vertebral fracture, vertebral body height 
loss, fracture location, integrity of posterior column 
structures, and remaining canal area [7, 21]. When the 
TLICS score is indeterminate or there is cause for uncer-
tainty as to whether surgery is indicated for instability, 
standing radiographs of the TL spine are taken at 1, 3, 6, 
and 12 weeks to monitor the healing process and identify 
occult instability not recognized on initial evaluation [5].

As shown in this study, monitoring of vertebral 
fractures with sequential upright radiographs can 
lead to a change from conservative to surgical man-
agement. However, vertebral fracture management 

Table 3 Degrees of kyphosis and anterior vertebral body height% loss for operative patients

*For cases 3–6, these patients converted to surgery during their index admission and the first X-ray is the same as the endpoint X-ray

Degrees of Kyphosis Anterior Body Height% Loss

Initial CT First X-ray Endpoint
X-ray

Initial CT First X-ray Endpoint
X-ray

CASE 1 3.4 3.4 27.8 35% 38% 80%

CASE 2 1.6 6.3 10.1 45% 40% 47%

CASE 3 ‑6.9 15.8 * 31% 77% *

CASE 4 14.8 28.7 * 50% 61% *

CASE 5 ‑4.5 10.9 * 10% 63% *

CASE 6 1.2 13.5 * 32% 40% *

Table 4 Mean values between treatment groups at all imaging time points

Non-operative Operative P Value

Degrees of Kyphosis
  Initial CT (SD) 3.4 (8.0) 1.6 (7.6) P = 0.4122

  First X‑Ray (SD) 8 (10.2) 13.1 (8.9) P = 0.1536

  Endpoint X‑Ray (SD) 9.5 (11.8) 17.8 (8.3) P = 0.0216
Delta Degrees of Kyphosis from CT

  First X‑Ray (SD) 4.6 (7.0) 11.5 (8.1) P = 0.0259
  Endpoint X‑Ray (SD) 6.4 (9.0) 16.2 (6.2) P = 0.0097

Anterior Body Height% Loss (%)
  Initial CT (SD) 28.3 (16.1) 33.8 (13.9) P = 0.1931

  First X‑Ray (SD) 37.5 (17.6) 53.2 (16.1) P = 0.0449
  Endpoint X‑Ray (SD) 42.5 (19.7) 61.3 (15.9) P = 0.0232

Delta Anterior Body Height% Loss from CT (%)
  First X‑Ray (SD) 9.3 (12.3) 19.3 (24.1) P = 0.3388

  Endpoint X‑Ray (SD) 13.5 (17.5) 27.5 (22.8) P = 0.1037
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guidelines are inconsistent and there is no general 
consensus as to what factor is weighted more when 
selecting the appropriate treatment plan [22, 23]. This 
is why the same type of fracture and/or TLICS score 
can have different treatment paths depending patient 
injury and/or circumstances. In this study there were 
a total of nine neurosurgeons and seven orthopae-
dic surgeons who were involved in vertebral fracture 
management decisions. There could be differences 
in training and practices, but there were comparable 
amounts of neurosurgeons and orthopaedic surgeons 
in the non-operative and operative groups. In this 
study, it was discovered that decisions to follow con-
servative or operative pathways were based on find-
ings on upright radiographs and patient situations. 
Two patients in this study with TLICS scores of 6 and 
7 had flexion-distraction fractures, which would typi-
cally suggest surgery due to a higher degree of injury. 
However, both were treated conservatively with a 
TLSO brace. Despite having an injured PLC, the first 
patient had limited social support, active IV drug use, 
and poor nutritional status, which did not make them 
a good candidate for surgery. The second patient had 
an indeterminate PLC injury, but was determined to 
have a stable fracture after the first upright radiograph 
confirmed fracture stability. This decision to manage 
conservatively was supported by the anterior body 
height loss being 21% on initial CT scan and 16% on 
endpoint X-ray at the 3 month follow up. Addition-
ally, the kyphotic increase from CT scan to endpoint 
X-ray was only 0.8 degrees. This is an example of how 
upright radiographs can be useful in guiding vertebral 
fracture management decisions and prevent patients 

from having unnecessary surgery and the risks associ-
ated with it.

In this study, the effectiveness of upright radiographs 
as a tool to guide operative versus non-operative deci-
sions for traumatic vertebral fracture management was 
evaluated. Standing radiographs led to a change of plan 
from presumed non-operative to operative treatment in 
6 (8.6%) of 70 patients. Four of the six operative patients 
converted to surgery during the index admission after 
showing an increase in kyphosis ranging from 12.3 to 
22.7 degrees and an increase an anterior body height 
loss ranging from 8 to 53% when comparing initial CT 
scan to first upright radiograph. These patients had acute 
fractures and the time from initial CT scan to first X-ray 
ranged from 0 to 8 days. This suggests that factors such 
as age or undiagnosed osteopenia did not play a role in 
the fracture subsidence. Instead, findings on first upright 
radiographs such as increased kyphosis compared to 
CT scan and average anterior body height loss guided 
management decisions. There was a significant differ-
ence between non-operative (38%) and operative (53%) 
anterior body height loss in this study. This amount of 
anterior body height loss in the operative group is simi-
lar to literature suggesting > 50% loss of height indicates 
mechanical instability and the need for surgery [8]. 
Within the operative group, the increase in kyphosis on 
first X-ray (13 degrees) compared to initial CT scan (2 
degrees) was found to be statistically significant. Patients 
in this study had a conversion to surgery at a ~ 11 degree 
increase in kyphosis from CT scan to first X-ray and an 
average 13 degrees of kyphosis on first upright radio-
graph. This degree of kyphosis is lower than the > 30 
degrees that has been reported as a level of kyphosis indi-
cating instability and likely need for surgical management 
[8]. Our results illustrate how physicians in clinical prac-
tice may decide to operate at a lower increase in kyphotic 
threshold than is suggested. However, there is no univer-
sally agreed upon angle of kyphosis that warrants surgi-
cal management and there is conflicting evidence about 
whether or not increased kyphosis is predictive of con-
servative management failure [21].

Alimohammadi et al. [25] suggested that there is a pos-
sible relationship between increased kyphosis and failure 
of conservative therapy for vertebral fractures. However, 
this study focused on only burst fractures and com-
pared kyphosis on all available imaging (CT, X-ray, MRI) 
instead of specifically upright radiographs. We assessed 
whether the degree of kyphotic angulation through the 
fractured vertebra on the first upright radiograph had a 
correlation with the decision to proceed to surgical sta-
bilization. There was a significant difference in the degree 
of kyphotic collapse on the first standing radiograph in 
operative patients (~ 12 degrees) versus non-operative 

Table 5 Mean values within individual treatment groups from 
initial CT to first X‑ray (A) and from initial CT to endpoint X‑ray (B)

A Initial CT First X-Ray P Value

Kyphosis Degrees (Degrees)
  Nonoperative (SD) 3.4 (8.0) 8 (10.2) P < 0.001
  Operative (SD) 1.6 (7.6) 13.1 (8.9) P = 0.0175

Anterior Body Height% Loss (%)
  Nonoperative (SD) 28.3 (16.1) 37.5 (17.6) P < 0.001
  Operative (SD) 33.8 (13.9) 53.2 (16.1) P = 0.1065

B Initial CT Endpoint
X-Ray

PValue

Kyphosis Degrees (Degrees)
  Nonoperative (SD) 3.39 (8.08) 9.5 (11.8) P < 0.001
  Operative (SD) 1.6 (7.58) 17.8 (8.34) P = 0.29

Anterior Body Height% Loss (%)
  Nonoperative (SD) 28.3 (16.1) 42.5 (19.7) P < 0.001
  Operative (SD) 33.8 (13.9) 61.3 (15.9) P = 0.0318
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patients (~ 5 degrees). Additionally, in the first upright 
radiograph, there was a significant difference in anterior 
body height loss of 38% and 53% between the non-opera-
tive and operative groups, respectively. This supports that 
an increase in kyphosis from CT scan to the first upright 
radiograph could be relevant in fracture management 
decision making processes, but larger studies are needed 
to confirm this.

There is no general consensus on the use of a TLSO for 
TL fractures. Research has shown that there is no sig-
nificant difference in functional outcomes and kyphosis 
for TL fracture patients treated with or without a TLSO 
[24]. This could explain why there was variable use of a 
TLSO in radiographs for the non-operative patients in 
this study. However, 50% of non-operative patients had 
their first upright radiograph in a TLSO. In the opera-
tive group, five of six patients who converted to surgical 
management had kyphotic collapse in their first upright 
radiograph when compared to initial CT scan despite 
the use of a TLSO. Additionally, the two patients who 
underwent surgical stabilization after outpatient follow 
up did so only after their first upright radiograph without 
a TLSO, which showed a further progression of kypho-
sis. TLSO use both allowed and hid kyphosis progression 
on upright radiographs for the operative patients in this 
study, therefore, it is yet to be determined if and/or how 
TLSO use affects markers of stability on upright radio-
graphic imaging.

There were limitations in this study. First, this was 
a retrospective study, which is prone to confound-
ing. Data was collected for all eligible patients in an 
attempt to mitigate selection bias, though factors that 
could influence measurements such as BMI and smok-
ing were unable to be abstracted from all patient charts. 
However, four of the six patients who converted to 
surgery during their index admission did so shortly 
after an upright radiograph, which suggests that fac-
tors influencing the conversion to surgery were more 
acute and related to the increase in kyphosis seen on 
first X-ray. Additionally, patients with neurological 
injury were eliminated from this study because acute 
change in neurologic function could be an indication 
for surgery regardless of radiological findings. Eliminat-
ing patients with things that could influence manage-
ment substantially (pathological fracture, neurological 
injury) further supports the association between imag-
ing measurements and surgical decisions. Second, 
upright radiographs are vulnerable to slight differences 
in patient position and image quality (imaging blurs), 
which could affect measurement values. Measurements 
were taken at specific points for each image and steps 
were taken including adjusting image contrast to best 
visual measurement points and having measurements 

checked for consistency. The slight differences in meas-
urements that could occur would be identical to that 
seen in clinical practice, which supports the applica-
tion of this study. Third, the sample size in this study 
is small. Larger multicenter studies with the inclusion 
of relevant confounding factors that could affect trau-
matic TL fracture measurements and management 
decisions are necessary.

Conclusions
Upright TL radiographs can be used to guide treatment 
decisions for vertebral fractures of indeterminate stabil-
ity. This research suggests that there is a significant dif-
ference in kyphotic progression through the vertebral 
fracture of non-operative versus operative fractures.

Abbreviations
TL: Thoracolumbar ; CT: Computed tomography; PLC: Posterior ligamentous 
complex; TLICS: Thoracolumbar injury classification and severity score; TLSO: 
Thoracic‑lumbar‑sacral orthosis.

Acknowledgements
Not applicable.

Summary statement
The conflicts of interest disclosed by author JUY are unrelated to this study. 
The remaining authors have no conflicts of interest to disclose.

Authors’ contributions
All of the authors listed in this study have read and approved the manuscript.
JL [Conceptualization, Methodology, Investigation, Data analysis, Writing – 
original draft, Writing – reviewing and editing].
JEB [Investigation, Writing – original draft, Writing – reviewing and editing].
KD [Investigation, Writing – original draft, Writing – reviewing and editing].
SS [Investigation, Data analysis, Writing – original draft, Writing – reviewing 
and editing].
AG [Investigation, Writing – original draft, Writing – reviewing and editing].
SSR [Investigation, Writing – original draft, Writing – reviewing and editing].
JUY [Conceptualization, Supervision, Methodology, Investigation, Writing – 
original draft, Writing – reviewing and editing].

Funding
No funds, grants, or other support was received for conducting this study.

Availability of data and materials
The datasets used for this study are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
 Approved by Oregon Health & Science University Institutional Review Board. 
Patient consent not applicable to this study.

Consent for publication
Not applicable.

Competing interests
Author JUY, has received royalties from Osiris Therapeutics, Inc. and research 
grant support from Orthofix, Inc.The following authors have no conflicts of 
interest to declare that are relevant to the content of this article: JL, JEB, KD, SS, 
AG, and SSR.



Page 11 of 11Laurita et al. BMC Musculoskeletal Disorders          (2022) 23:296  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 21 October 2021   Accepted: 18 March 2022

References
 1. Katsuura Y, Osborn JM, Cason GW. The epidemiology of thoracolumbar 

trauma: A meta‑analysis. J Orthop. 2016;13(4):383–8. https:// doi. org/ 10. 
1016/j. jor. 2016. 06. 019.

 2. Gertzbein SD. Scoliosis Research Society. Multicenter spine fracture study. 
Spine (Phila Pa 1976). 1992;17(5):528–40. https:// doi. org/ 10. 1097/ 00007 
632‑ 19920 5000‑ 00010.

 3. McLain RF. Functional outcomes after surgery for spinal fractures: return 
to work and activity. Spine (Phila Pa 1976). 2004;29(4):470–7. https:// doi. 
org/ 10. 1097/ 01. brs. 00000 92373. 57039. fc.

 4. Diaz JJ Jr, Cullinane DC, Altman DT, et al. Practice management 
guidelines for the screening of thoracolumbar spine fracture. J Trauma. 
2007;63(3):709–18. https:// doi. org/ 10. 1097/ ta. 0b013 e3181 42d2db.

 5. Spiegl UJ, Fischer K, Schmidt J, et al. The Conservative Treatment 
of Traumatic Thoracolumbar Vertebral Fractures. Dtsch Arztebl Int. 
2018;115(42):697–704. https:// doi. org/ 10. 3238/ arzte bl. 2018. 0697.

 6. Guarnieri G, Izzo R, Muto M. The role of emergency radiology in spinal 
trauma. Br J Radiol. 2016;89(1061):20150833. https:// doi. org/ 10. 1259/ bjr. 
20150 833.

 7. Wood KB, Li W, Lebl DR, Ploumis A. Management of thoracolumbar spine 
fractures. Spine J. 2014;14(1):145–64. https:// doi. org/ 10. 1016/j. spinee. 
2012. 10. 041.

 8. Kim BG, Dan JM, Shin DE. Treatment of thoracolumbar fracture. Asian 
Spine J. 2015;9(1):133–46. https:// doi. org/ 10. 4184/ asj. 2015.9. 1. 133.

 9. Shamji MF, Roffey DM, Young DK, Reindl R, Wai EK. A pilot evaluation of 
the role of bracing in stable thoracolumbar burst fractures without neu‑
rological deficit. J Spinal Disord Tech. 2014;27(7):370–5. https:// doi. org/ 10. 
1097/ bsd. 0b013 e3182 6eacae.

 10. Holdsworth F. Fractures, dislocations, and fracture‑dislocations of the 
spine. J Bone Joint Surg Am. 1970;52(8):1534–51.

 11. Denis F. The three‑column spine and its significance in the classifica‑
tion of acute thoracolumbar spinal injuries. Spine (Phila Pa 1976). 
1983;8(8):817–31. https:// doi. org/ 10. 1097/ 00007 632‑ 19831 1000‑ 00003.

 12. Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S. A comprehensive 
classification of thoracic and lumbar injuries. Eur Spine J. 1994;3(4):184–
201. https:// doi. org/ 10. 1007/ bf022 21591.

 13. Vaccaro AR, Lehman RA Jr, Hurlbert RJ, et al. A new classification of thora‑
columbar injuries: the importance of injury morphology, the integrity of 
the posterior ligamentous complex, and neurologic status. Spine (Phila 
Pa 1976). 2005;30(20):2325–33. https:// doi. org/ 10. 1097/ 01. brs. 00001 
82986. 43345. cb.

 14. Joaquim AF, de Almeida Bastos DC, Jorge Torres HH, Patel AA. Thora‑
columbar Injury Classification and Injury Severity Score System: A 
Literature Review of Its Safety. Global Spine J. 2016;6(1):80–5. https:// doi. 
org/ 10. 1055/s‑ 0035‑ 15547 75.

 15. Koh YD, Kim DJ, Koh YW. Reliability and Validity of Thoracolumbar Injury 
Classification and Severity Score (TLICS). Asian Spine J. 2010;4(2):109–17. 
https:// doi. org/ 10. 4184/ asj. 2010.4. 2. 109.

 16. Díez‑Ulloa MA, Gallego‑Goyanes A. Prognostic value of an immediate 
lateral standing X‑ray with a TLSO in patients with a thoracolumbar burst 
fracture. Rev Esp Cir Ortop Traumatol. 2015;59(3):179–85. https:// doi. org/ 
10. 1016/j. recot. 2014. 08. 004.

 17. Mehta JS, Reed MR, McVie JL, Sanderson PL. Weight‑bearing radiographs 
in thoracolumbar fractures: do they influence management? Spine (Phila 
Pa 1976). 2004;29(5):564–7. https:// doi. org/ 10. 1097/ 01. brs. 00001 13873. 
07484. 5d.

 18. Kendler DL, Bauer DC, Davison KS, et al. Vertebral Fractures: Clinical 
Importance and Management. Am J Med. 2016;129(2):221. https:// doi. 
org/ 10. 1016/j. amjmed. 2015. 09. 020.

 19. Simpson AK, Whang PG, Jonisch A, Haims A, Grauer JN. The radiation 
exposure associated with cervical and lumbar spine radiographs. J Spinal 
Disord Tech. 2008;21(6):409–12. https:// doi. org/ 10. 1097/ bsd. 0b013 e3181 
568656.

 20. Lee JY, Vaccaro AR, Lim MR, et al. Thoracolumbar injury classification 
and severity score: a new paradigm for the treatment of thoracolumbar 

spine trauma. J Orthop Sci. 2005;10(6):671–5. https:// doi. org/ 10. 1007/ 
s00776‑ 005‑ 0956‑y.

 21. Tan T, Huang MS, Rutges J, et al. Rate and Predictors of Failure in 
the Conservative Management of Stable Thoracolumbar Burst 
Fractures: A Systematic Review and Meta‑Analysis. Global Spine J 
2021:21925682211031207. https:// doi. org/ 10. 1177/ 21925 68221 10312 07.

 22. Parreira PCS, Maher CG, Megale RZ, March L, Ferreira ML. An overview of 
clinical guidelines for the management of vertebral compression fracture: 
a systematic review. Spine J. 2017;17(12):1932–8. https:// doi. org/ 10. 
1016/j. spinee. 2017. 07. 174.

 23. van der Roer N, de Lange ES, Bakker FC, de Vet HC, van Tulder MW. 
Management of traumatic thoracolumbar fractures: a systematic review 
of the literature. Eur Spine J. 2005;14(6):527–34. https:// doi. org/ 10. 1007/ 
s00586‑ 004‑ 0847‑5.

 24. Bailey CS, Urquhart JC, Dvorak MF, et al. Orthosis versus no orthosis for 
the treatment of thoracolumbar burst fractures without neurologic 
injury: a multicenter prospective randomized equivalence trial. Spine J. 
2014;14(11):2557–64. https:// doi. org/ 10. 1016/j. spinee. 2013. 10. 017.

 25. Alimohammadi E, Bagheri SR, Ahadi P, et al. Predictors of the failure 
of conservative treatment in patients with a thoracolumbar burst 
fracture. J Orthop Surg Res. 2020;15(1):514. https:// doi. org/ 10. 1186/ 
s13018‑ 020‑ 02044‑3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jor.2016.06.019
https://doi.org/10.1016/j.jor.2016.06.019
https://doi.org/10.1097/00007632-199205000-00010
https://doi.org/10.1097/00007632-199205000-00010
https://doi.org/10.1097/01.brs.0000092373.57039.fc
https://doi.org/10.1097/01.brs.0000092373.57039.fc
https://doi.org/10.1097/ta.0b013e318142d2db
https://doi.org/10.3238/arztebl.2018.0697
https://doi.org/10.1259/bjr.20150833
https://doi.org/10.1259/bjr.20150833
https://doi.org/10.1016/j.spinee.2012.10.041
https://doi.org/10.1016/j.spinee.2012.10.041
https://doi.org/10.4184/asj.2015.9.1.133
https://doi.org/10.1097/bsd.0b013e31826eacae
https://doi.org/10.1097/bsd.0b013e31826eacae
https://doi.org/10.1097/00007632-198311000-00003
https://doi.org/10.1007/bf02221591
https://doi.org/10.1097/01.brs.0000182986.43345.cb
https://doi.org/10.1097/01.brs.0000182986.43345.cb
https://doi.org/10.1055/s-0035-1554775
https://doi.org/10.1055/s-0035-1554775
https://doi.org/10.4184/asj.2010.4.2.109
https://doi.org/10.1016/j.recot.2014.08.004
https://doi.org/10.1016/j.recot.2014.08.004
https://doi.org/10.1097/01.brs.0000113873.07484.5d
https://doi.org/10.1097/01.brs.0000113873.07484.5d
https://doi.org/10.1016/j.amjmed.2015.09.020
https://doi.org/10.1016/j.amjmed.2015.09.020
https://doi.org/10.1097/bsd.0b013e3181568656
https://doi.org/10.1097/bsd.0b013e3181568656
https://doi.org/10.1007/s00776-005-0956-y
https://doi.org/10.1007/s00776-005-0956-y
https://doi.org/10.1177/21925682211031207
https://doi.org/10.1016/j.spinee.2017.07.174
https://doi.org/10.1016/j.spinee.2017.07.174
https://doi.org/10.1007/s00586-004-0847-5
https://doi.org/10.1007/s00586-004-0847-5
https://doi.org/10.1016/j.spinee.2013.10.017
https://doi.org/10.1186/s13018-020-02044-3
https://doi.org/10.1186/s13018-020-02044-3

	Utility of upright radiographs in traumatic thoracolumbar fracture management
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration number and date of registration: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


