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ABSTRACT

Objectives: Percutaneous pedicle instrumentation (PPI) has been used for the treatment of thoracic and thoracolumbar
(TL) trauma. However, the ability of PPI to correct significant post-traumatic kyphosis requires further investigation. The
objective of this study is to compare the amount of kyphosis correction achieved by PPI vs the traditional open posterior
approach in patients presenting with significant kyphotic deformity following traumatic thoracic and TL spine injuries.

Methods: Following Institutional Review Board approval, patients who underwent surgery for thoracic (T1-T9) or TL
(T10-L2) fractures with at least 15° of focal kyphosis in a 5-year period were included in this study. Patients were separated into
2 cohorts based on surgical technique: traditional open posterior approach and minimally invasive PPI. Kyphosis correction was
measured using Cobb angle 1 vertebrae above and 1 below the level of injury on sagittal preoperative computed tomography
image, immediate and follow-up postoperative upright lateral radiographs. Initial degree of correction and loss of correction at
the final follow-up were compared.

Results: Of 91 patients included, 65 (71%) underwent open surgery and 26 (29%) underwent PPI. Open patients had
11° (95% CI, 9°-13°) of immediate correction compared with 11° (95% CI, 6°-15°) for PPI (P = 0.81). Follow-up data were
available for 70 patients with a median of 105.5 days. Both groups had 1° (95% CI, 0°-2°) of loss of correction at follow-up
(P = 0.82). Regardless of surgical technique, obesity (>30 kg/m?) and AO type-A compression fractures had significantly less
correction. For each unit of body mass index, there was a 0.75° decrease in correction achieved (P < 0.0001). Other factors did

not influence the degree of correction.
Conclusions:

PPI techniques provide equivalent postoperative angular correction and maintenance of correction
compared with open surgery in thoracic and TL trauma patients.

Clinical Relevance: This study provides evidence for spine surgeons to utilize either technique for treating significant

traumatic kyphotic deformity.
Level of Evidence: Therapeutic 3.

Minimally Invasive Surgery

Keywords: spine trauma, thoracolumbar, open spine surgery, percutaneous pedicle instrumentation, kyphosis correction, post-

traumatic deformity

INTRODUCTION

Injuries to the thoracic and thoracolumbar (TL)
spine comprise the majority of spinal fractures follow-
ing high-energy trauma. The most common causes of
these injuries are high-energy falls and motor vehicle
accidents.! However, the operative indications of these
injuries continue to be a source of great debate and con-
tention.

Surgical treatment may be indicated for patients
with significant kyphosis due to sagittal imbalance and
the risk of post-traumatic kyphotic deformity.> Opera-
tive management provides immediate stability, reduc-
tion of the deformity, restoration of spinal alignment,

and earlier patient mobilization.” The traditional open
approach involves a posterior reduction, instrumenta-
tion, and fusion in cases where direct spinal decompres-
sion or anterior column reconstruction is not needed. A
minimally invasive approach with percutaneous pedicle
screw instrumentation (PPI) has also emerged as a tech-
nique for fracture stabilization. Compared with the tra-
ditional open posterior approach, PPI has been shown
to be associated with less soft-tissue trauma, lower
blood loss, lower infection rate, faster short-term recov-
ery, and shorter hospital length of stay.*” While several
prior studies have evaluated sagittal balance with PPI,
the effectiveness of PPI to correct traumatic kyphosis
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or angular deformity, however, has not been previously
studied.>"

The primary objective of this study was to compare
the amount of kyphosis correction achieved by PPI vs
the traditional open posterior approach in patients pre-
senting with significant kyphotic deformity following
traumatic thoracic and TL spine injuries.

METHODS
Study Population

Following Institutional Review Board approval (HP-
00082698), patients who underwent operative man-
agement at a large tertiary level 1 trauma center for
thoracic and TL spine fractures from January 2012 to
December 2017 were identified using current proce-
dural terminology codes. As per standard of care, all
patients received preoperative computed tomography
image of their spine with fracture classification accord-
ing to the AO spine fracture classification system.'"'?
Patients were included in the study if they presented
with thoracic (T1-T9) or TL (T10-L2) fractures with at
least 15° of focal kyphosis to identify patients with sig-
nificant kyphosis and unstable fractures. Patients with
incomplete records, pathologic fractures, infection, AO
type B3 (hyperextension) fractures, or prior TL spine
surgery were excluded. Patients who received anterior
column reconstruction were excluded as well. From the
initial query of 360 patients, 91 patients were included

Patients with TL trauma from
2012 to 2017 (n=360)

r

Patients with pre-op
and post-op imaging
(n=91)

L4

Patients with Follow-up
Imaging (n=70)

e

in this study after inclusion and exclusion criteria. The
final cohorts consisted of 65 patients in the open cohort
and 26 patients in the PPI cohort. Of those, 21 patients
(23.1%) were lost to follow-up and excluded from the
study (Figure 1).

Operative Procedure and Postoperative Care

Selection of instrumentation technique (open vs
PPI), fusion, and construct length was chosen at the dis-
cretion of the surgeon. Polyaxial pedicle screws with
locking mechanism to act as monoaxial screws and
titanium rods were used for each construct. Lateral-to-
medial technique using C-arm fluoroscopy was utilized
for the percutaneous instrumentation group. Details of
the technique can be found elsewhere.'® After surgery,
patients were allowed to ambulate as tolerated with
lifting and heavy activity restrictions for 3 months.

Radiographic Measurements

All radiographic measurements were done with a
digital computerized measuring tool. Radiographic
analysis included measurement of the lateral bisegmen-
tal Cobb angle on the admission spine computed tomog-
raphy image as well as AO fracture classification. The
Cobb angle was measured from the superior endplate
1 vertebra above the fracture to the inferior endplate
of the vertebra 1 level below the fracture. All patients
obtained standing radiographs prior to discharge and

Excluded (n=269)
<15 degrees kyphosis (n= 99)
AD-B3 and extension-type
injuries (n=47)
Unavailable records (n=26)
Previous spine surgery (n=24)
Low Lumbar L3-L5 (n=18)
Corpectomy/Cage (n=15)
Infection or Malignancy (n=10)
Other (n=30)

I—————————————‘#

A
1 No Follow-up |
|
]

"': Imaging (n=21)

Figure 1. Study population selection criteria demonstrating included and excluded patients. A total of 360 patients were reviewed, and 91 were included in the

study with 70 follow-up imaging. TL, thoracolumbar.
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during the follow-up period. Kyphosis on the postop-
erative and follow-up films were also measured using
the Cobb angle. A negative angle measurement would
indicate lordosis.

Outcomes Measure

The primary outcomes were angular correction
immediately after surgery and loss of correction at fol-
low-up appointment. Angular correction was defined as
the difference between the preoperative and immediate
postoperative Cobb angle. Similarly, loss of correction
was the difference between immediate postoperative
and follow-up measurements. Results were reported
with mean, SD, and 95% CI. The average correction
and loss of correction between open surgery and PPI
for all patients were compared. We also compared open
and PPI radiographic outcomes in several patient sub-
groups. Ultimately, we evaluated how body mass index
(BMI), spine level, and AO fracture classification had
an effect on outcomes regardless of surgical technique
used.

Statistical Analysis

Data were managed using Microsoft Excel (Mic-
rosoft, Redmond, WA, USA). Mean, SD, median, and
95% CI were calculated for continuous variables. The
Shapiro-Wilk test was used to assess for normality of
continuous variables. Student’s ¢ test was used to eval-
uate continuous variables with normal distribution, and
Wilcoxon’s rank-sum test was used as the nonparamet-
ric alternative for continuous variables. Frequencies
were calculated for categorical variables. Fisher’s exact
test and »* analysis were used to evaluate relationships
between categorical variables. An a priori a was set at
0.05 for significance. Multivariate logistic regression
was performed to evaluate factors influencing angular
correction. All analyses were performed using SAS
v9.4 statistical software (SAS Institute, Cary, NC).

RESULTS

A total of 91 patients were included in the study, 65
patients (71%) underwent open surgery and 26 were
operated with PPI techniques. There were 61 men
(67%) and 30 women, with a mean age of 38.9 + 15.5
years (range 17-82 years ) and BMI of 26.0 + 5 kg/m*.
Both groups were comparable in terms of age, sex, and
BMI (Table 1). Patient groups were comparable in terms
of Charlson Comorbidity Index, neurological status,
American Society of Anesthesiologists score, and pol-
ytraumatic status. The most common mechanism of

Table 1. Comparison of patient characteristics between open and PPI
cohorts.

Characteristics Open PPI P Value®
No. of patients 65 (71.4) 26 (28.6)
No. of patients with follow-up 50 (77) 20 (77)
Age, mean = SD 392+14.8 384+174 0.65
Body mass index (kg/m?) 263+5.4 253+35 0.67
Overweight/obese 36 (55.4) 14 (53.9) >0.99
Sex—male 44 (67.7) 17 (65.4) >0.99
Charlson Comorbidity Index 0.35+0.8 0.69+1.5 0.37
Other body trauma 57 (87.7) 22 (84.6) 0.74
Neurological status

Intact 31(47.7) 19 (73.1) 0.09

Incomplete injury 13 (20.0) 3(11.5)

Complete injury 21(32.3) 4(15.4)
American Society of Anesthesiologists score

1 10 (15.4) 4(15.4) 0.21

2 27 (41.5) 15 (57.7)

3 21(32.3) 4(15.4)

4 6(9.2) 1(3.9)

Abbreviation: PPI, percutaneous pedicle instrumentation.
Data presented as n (%) or mean * SD.
“Indicates significant statistical value P < 0.05.

injury was motor vehicle accidents (n = 45, 49%), fol-
lowed by fall from height (n = 37, 40%).

Upon fracture evaluation, there were significantly
more thoracic (T1-T9) fractures that underwent open
surgical approach when compared with PPI, 34 (52%)
vs 6 (23%) (P = 0.02) (Table 2). There were more AO
type C (translational injuries) in the open surgery group
and more AO type A (compression fractures) in the PPI
group. Of the 30 AO type A fractures, there were: 25
AO type A4 complete burst fractures, 2 A3 incomplete
burst fractures, and 3 A2 pincer-type fractures. All AO
type B fractures were B2-flexion-distraction injuries.
The open surgery group had significantly more instru-
mented segments.

The mean angular measurements were comparable
between groups at the preoperative, immediate postop-
erative, and follow-up period. The preoperative kypho-
sis was same for both open and PPI, with a mean and
SD of 24° + 7° (P = 0.75) (Figure 2). Postoperatively,
the average angle for the open group was 12° + 8° (95%
CI: 10°-14°) and 13° = 10° (95% CI: 9°-17°) for the
PPI group (P = 0.71). The mean angle at follow-up
for the open group was 14° + 8° (95% CI: 11°-16°)
compared with 13° £ 10° (95% CI: 8°-17°) for the PPI
group (P =0.67). Follow-up radiographs were available
for 70 of the 91 patients included in study, with both
groups having comparable length of follow-up (open,
127.2 £ 91.4 days vs PPI, 104.5 + 53.3 days, P = 0.48).
Of the 21 lost to follow-up, 15 were from open and 6
were from PPI group.

When evaluating our main outcomes, we observed
that there was no significant difference detected in cor-
rection achieved postoperatively as well as loss of cor-
rection between surgical technique groups (Table 3).
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Table 2. Comparison of radiographic characteristics and surgical variables
between open and PPI patients.

Variable Open PPI P Value®

Number of patients 65 (71.4) 26 (28.6)

Fracture spinal level
Thoracic (T1-T9) 34 (52.3) 6(23.1) 0.02°
Thoracolumbar (T10-L2) 31 (47.7) 20 (76.9)

AO classification”
A—compression fractures 17 (26.2) 13 (50.0) 0.007°
B—tension band injuries 22 (33.8) 11 (42.3)
C—translational injuries 26 (40.0) 2(7.7)

Instrumented segments 40+1.0 33+13 0.003*

Abbreviation: PPI, percutaneous pedicle instrumentation.

Data presented as n (%) unless otherwise noted.

“Indicates statistically significant values with P < 0.05.

"Adapted from: Vaccaro AR, et al. AOSpine thoracolumbar spine injury classification
system: fracture description, neurological status, and key modifiers. Spine (Phila Pa
1976). 2013;38(23):2028-2037.

“Short-segment construct extends from 1 vertebral level above to 1 level below injury and
long-segment anything with more than 3 motion segments.

On average, the open group corrected 11° +9° (95% CI,
9°-13°) compared with the PPI group 11° = 10° (95%
CI, 6°-15°) (P = 0.81). Similarly, upon follow-up, open
group lost an average of 1° = 2° (95% CI, 1°-2°) and
the PPI group lost 1° + 3° (95% CI, 0°-2°) (P = 0.82).
Additionally, we evaluated patient subgroups based
on BMI, spinal level, and morphology of fracture, and
found that these patient characteristics had no signifi-
cant effect on outcomes achieved between the 2 surgical
techniques.

A separate analysis was then performed to evaluate
factors that influence angular correction and loss of
correction for the entire cohort regardless of surgical
technique. Obese patients (BMI >30 kg/m?) corrected
4° +10° (95% CI, —1° to 10°) on average and had sig-
nificantly less postoperative correction when compared
with other BMI classes (P = 0.0009) (Table 4). A simple
linear regression demonstrated that for each increased

36
P=0.75

Kyphosis Angle (Degrees)

Pre-operative
B Open BMIS

Post-operative Follow-up

Figure2. Comparison of mean kyphosis angle at preoperative, postoperative,
and follow-up period between open and percutaneous pedicle instrumentation.
MIS, minimally invasive surgery.

unit of BMI, there was a 0.75° (95% CI, —1.1° to —0.4°)
decrease in correction achieved (P < 0.0001, inter-
cept = 30.4, R* = 0.18). TL fractures achieved greater
angular correction when compared with thoracic spine
fractures. Additionally, patients with AO type A com-
pression fractures had significantly less correction than
other AO classes regardless of surgical technique (P =
0.026).

DISCUSSION

PPI has been shown to be associated with lower
blood loss, shorter operative time, less postoperative
pain scores, and decreased infection rates in patients
with TL trauma. Previous studies have shown that PPI
can achieve similar postoperative angular correction
when compared with traditional open approach.”‘16
However, these studies also included fractures without
significant sagittal angular deformity. Therefore, the
aim of this study is to compare the amount of correction
achieved between PPI and open approaches for patients
with more than 15° of post-traumatic angular deformity.
In this retrospective study of 91 patients, there was no
significant difference in the degree of postoperative cor-
rection or loss of correction at last follow-up (mean 121
days) between PPI and open surgery.

The ability of PPI to achieve similar correction to
open surgery has been previously evaluated. Pooled
data from multiple meta-analysis studies have failed to
identify a significant difference between radiographic
outcomes achieved with PPI compared with traditional
open surgery.'*™'® While these findings corroborate this
study, previous studies are limited because of their het-
erogeneity and inability to measure angular correction
as their primary outcome. Additionally, most studies
evaluated single-level burst fractures treated with short-
segment fixation without taking into consideration the
magnitude of preoperative kyphotic deformity.”"°

While the degree of correction obtained immedi-
ately postoperative and at final follow-up were similar
between the 2 groups, BMI negatively impacted cor-
rection. BMI may play a role in appropriate operat-
ing room positioning and affect the ability to achieve
deformity correction. Furthermore, time to surgery may
play a role. Most of the patients in this study received
surgery within 24 to 48 hours of presentation, resulting
in mobile fracture segments for easier reduction. The
effect of surgical timing on kyphosis reduction requires
further study.

Jiang et al performed a randomized control trial com-
paring radiographic outcomes for single-level TL burst
fractures treated with short-segment fixation through
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Table 3. Comparison of angular correction and loss of correction between open and PPI in all patients and selected patient subgroups.

Angular Correction®

Variable ©) P Value® Loss of Correction® (°) P Value®

All patients
Open, mean = SD (95% CI) 11+£9(9-13) 0.81 1£2(0-2) 0.82
PPI 11 £ 10 (6-15) 1+£3(0-2)

Overweight and obese patients only
Open 9 +8(6-12) 0.44 1+£3(0-2) 0.74
PPI 7+8(2-11) 1+3(-1to3)

Thoracolumbar (T10-L2) fractures only
Open 15 £ 8 (12-18) 0.25 1£2(0-2) 0.85
PPI 12 £ 10 (7-16) 1+£3(0-2)

AO type A compression fractures only’
Open 8+10(3-13) 0.66 1+£3(0-3) 0.92
PPI 7+8(2-12) 2+3(-1to4)

AO type B tension-band injuries only
Open 12+ 17 (9-15) 0.29 1+£3(0-3) 0.38
PPIL 16 =10 (9-22) 0+2(-1t02)

AO type A and B combined
Open 10+£9(8-13) 0.86 1+£3(0-2) 0.78
PPI 11 £ 10 (7-15) 1+£3(0-2)

Abbreviation: PPI, percutaneous pedicle instrumentation.

*Angular correction is the differences between preoperative and immediate postoperative radiograph Cobb angle.

"Indicates statistically significant values with P < 0.05.

“Loss of correction is the difference between immediate postoperative and last follow-up radiograph Cobb angle.
dAdapted from: Vaccaro AR, et al. AOSpine thoracolumbar spine injury classification system: fracture description, neurological status, and key modifiers. Spine (Phila Pa 1976).

2013;38(23):2028-2037.

percutaneous or open surgery techniques. They found
paraspinal open surgery achieved better angular cor-
rection. On average, open surgery patients corrected
almost 9° more than PPI group, and this difference was
higher when postural reduction (defined by >90% of
vertebral body height) was not successfully achieved.
This difference may be attributable to the percutaneous
instrumentation system used for the study, which uses
a different technique for rod screw insertion that may
limit its reduction capacity. However, similar to previ-
ous studies and our results, loss of correction at long-
term follow-up in this study was comparable between

groups.®™°

PPI is also an option for AO type B tension band
injuries. The management of these types of injuries
has historically necessitated the use of posterior instru-
mentation and fusion given the concern for slow liga-
mentous healing. Due to this concern, there has been a
reluctance to use fixation techniques that do not include
bone grafting and fusion. In 2013, Grossbach et al’
identified 38 patients who suffered flexion-distraction
injuries and were treated with open posterior instru-
mentation and fusion (n = 27) and PPI with percutane-
ous screw fixation (n = 11). The PPI group had larger
preoperative kyphosis angle (6.45° vs 9.85°, P = 0.23)
and postoperative kyphosis angle (1.45° vs 6.26°, P =

Table 4. Comparison of angular correction and loss of correction by patient subgroups regardless of surgical technique used.

Angular Correction®

Variable (©) P Value” Loss of Correction® (°) P Value”
Body mass index (kg/m?)
Normal (<24.9), mean + SD (95% CI) 14+9 (11-17) 0.0009° 1+2(0-2) 0.55
Overweight (25.0-29.9) 10+ 7 (8-12) 1+3(0-2)
Obese (>30) 4+ 10 (-1to 10) 2+3(0-4)
Fracture spinal level
Thoracic (T1-T9) 7+ 8 (5-10) 0.0003" 1+£2(0-2) 0.15
Thoracolumbar (T10-L2) 14 +9 (11-16) 1+3(0-2)
AO Classification’
A—compression fractures T7+94-11) 0.026" 1+£3(0-2) 0.59
B—tension band injuries 13 + 8 (10-16) 1+£3(0-2)
C—translational injuries 12+ 9 (9-15) 1+2(-1t02)

“Angular correction is the differences between preoperative and immediate postoperative radiograph Cobb angle.

®Indicates statistically significant values with P < 0.05.

“Loss of correction is the difference between immediate postoperative and last follow-up radiograph Cobb angle.
dAdapted from: Vaccaro, A. R., et al. (2013). AOSpine thoracolumbar spine injury classification system: fracture description, neurological status, and key modifiers. Spine (Phila

Pa 1976), 38(23), 2028-2037.
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0.10) than the open group, but there was no difference
in correction achieved. The radiographic outcomes did
not differ between groups at a mean follow-up of 18.5
months. Similarly, our study demonstrates that PPI is
an option for posterior ligamentous injuries in patients
with AO type B injuries.

Fracture morphology has an effect on correction
achieved. Our results show that AO type A injuries
have significantly less correction when compared with
other AO classes. This may be due to intact posterior
column structures limiting correction and/or the diffi-
culty to reduce anterior vertebral body height through
a posterior approach. When we compared AO type
A injuries between open and PPI, no difference was
observed. Similar results were seen when evaluating
AO type B individually between both surgical groups
and also combined with type A fractures. However, the
true effect of fracture morphology on radiographic out-
comes still needs further investigation.

The overall reoperation rate for this study was 4.4%.
The PPI cohort had 1 reoperation (3.8%) for removal
of symptomatic hardware at 1 year following the index
procedure. The open cohort had 3 cases (4.6%) that
required reoperation: 1 removal of symptomatic hard-
ware approximately 1.5 years after the index proce-
dure and 2 revisions for mechanical hardware failure.
In the first revision case, the patient developed a frac-
ture of the lowest instrumented level (L4) with retro-
pulsion of the intervertebral body cage approximately
1 month postoperatively, requiring revision instrumen-
tation. In the second revision case, the patient devel-
oped pullout of the distal pedicle screws with loss of
reduction approximately 2 weeks following the index
procedure, requiring revision instrumentation. Further
studies are needed for sufficient power to compare
reoperation rates between PPI and open treatment of
TL fractures.

In this study, the surgical approach was determined
by the surgeon. All surgeons routinely perform both
open and PPl management of TL fractures. PPI is
the default surgical approach with certain factors that
encourage changing to an open approach. For example,
obesity, osteopenia/osteoporosis, and rotational defor-
mities are managed through an open surgical approach
due to the fluoroscopic targeting difficulty. Further-
more, high-grade translational or rotational deformities
and prior spine surgery are stabilized through a poste-
rior open approach to achieve posterior fusion. Finally,
severe kyphosis or chronic post-traumatic deformity is
managed through an open surgical approach to achieve
the appropriate correction in the sagittal plane.

This study has some limitations related to study
design. The inclusion criteria of having at least 15° of
kyphotic deformity are relatively strict, reducing the
sample size. However, 15° was chosen to study patients
with high risk for post-traumatic kyphosis and to better
characterize kyphosis correction. Furthermore, the ret-
rospective nature of this study and the surgeon’s choice
for open vs PPI likely resulted in some of the imbalance
between the 2 cohorts, representing a possible selection
bias. However, we believe that the cohorts remain suffi-
ciently homogenous for evaluating short-term kyphotic
correction. Future studies can incorporate our data for
subgroup analysis to investigate if factors such as BMI,
spine level, and AO fracture classification may play a
role in the degree of correction achieved, independent
of surgical technique. Further prospective analysis, with
random allocation to PPI technique, would be needed
to help understand the relationship between these vari-
ables and radiographical outcomes.

Despite its growing prevalence, the literature
regarding the use of PPI stabilization techniques lacks
high-level evidence and exists mainly in the form of ret-
rospective case series. Longer-term follow-up studies
will be necessary to determine if these newer modali-
ties can withstand the tests of time. This study contrib-
utes to the literature by providing valuable, rare data for
further comparison of operative traumatic thoracic and
TL fractures.

CONCLUSION

PPI techniques provide equivalent postoperative
angular correction and maintenance of correction com-
pared with open surgery in thoracic and TL trauma
patients. While further studies are needed to assess the
long-term outcomes of patients treated with percutane-
ous pedicle screw fixation, this study provides further
evidence that PPI is a feasible option for kyphosis cor-
rection in TL trauma.
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