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ABSTRACT

Background: Secondary posttraumatic spinal kyphosis is a fixed deformity that has an asymptomatic
presentation in most patients, but in some, persistent pain and disability can develop refractory to conservative

treatment, which may result in the need for corrective surgery. Our aim was to analyze the modification of sagittal
alignment and the variation in compensation mechanisms of spinal-pelvic segments before and after surgical correction
in a group of patients with symptomatic posttraumatic kyphosis.

Methods: A retrospective cohort study of 16 consecutive patients from the beginning of 2007 until the beginning of
2017 who underwent surgery due to thoracolumbar sagittal deformities was performed. Regional kyphosis (RK),
thoracic kyphosis (TK), lumbar lordosis (LL), lower lumbar lordosis (LLL), lumbar lordosis under the deformity

(LLUD), pelvic incidence (PI), pelvic tilt (PT), sagittal vertical axis (SVA), and PI-LL were measured in preoperative
and postoperative lateral full spine x rays. Statistical analysis was performed with the nonparametric Wilcoxon test to
compare preoperative and postoperative radiologic variables.

Results: Sixteen patients were included with a median age of 47.5 years (32–62 years), the median time elapsed

from the accident until corrective surgery was 7 months (2–33 months), the median follow-up time was 16.5 months (6–
80 months), and the most used corrective strategy was pedicle subtraction osteotomy (11/16 patients). Statistically and
radiologically significant improvements were observed in RK (33.58 versus 128, P , .001) and LLUD (68.58 versus 618,

P¼ .017), with a noticeable decrease in PI-LL (158 versus 9.58, P¼ .233). There were no statistically significant results
regarding TK, LL, LLL, PI, PT, or SVA.

Conclusions: Osteotomies are an effective tool to correct angular deformities at a local level after spine trauma.

Posttraumatic kyphosis results in the compensation of sagittal imbalance through modification of segmental alignment
of the mobile spine under the deformity.

Level of Evidence: 3.
Clinical Relevance: This work shows the compensation mechanisms after post-traumatic kyphosis in patients

with previously healthy spines.
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BACKGROUND

Posttraumatic spinal kyphosis is often a conse-

quence of an untimely diagnosis or the inappropri-

ate treatment of vertebral fractures. Although these

deformities have an asymptomatic presentation in

most patients, in some, the deformity may have

clinical relevance due to pain, incapacity, and

impaired quality of life, which may result in the

need for corrective surgery.

Posttraumatic kyphosis is often a fixed deformity

that habitually results in compensated misalign-
ment, characterized by maintenance of the physio-

logical mechanical axis due to compensatory
mechanisms such as lumbar hyperlordosis and

spinal dorsal hypokyphosis.1,2

Unlike kyphotic deformities caused by degener-

ative pathology in adults, who have poor bone
quality and in whom correction is performed in the
lower lumbar spine, posttraumatic deformities tend
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to present in young patients with no comorbidities
and very good bone quality, in whom corrective
osteotomies are performed at the same level as the
deformity.3

Unlike the literature in older patients, there is
little literature regarding these patients with post-
traumatic deformities.

The objective of our study was to analyze the
modification of sagittal alignment and the variation
in compensation mechanisms of spinal-pelvic seg-
ments before and after surgical correction in a group
of patients with symptomatic posttraumatic kypho-
sis.

METHODS

This was an observational, analytic, retrospective
cohort study that included patients from the
beginning of 2007 until the beginning of 2017.

The inclusion criteria were patients older than 18
years presenting with symptomatic posttraumatic
kyphosis in thoracolumbar segments that prompted
surgical correction and who had undergone at least
1 postsurgical follow-up period of 6 months or
more. The exclusion criteria included incomplete or
poor quality clinical and radiological records, which
could hinder radiologic measurements.

Data were collected from the electronic records of
each patient. The following variables were recorded:
age, sex, trauma mechanism, fracture type, neuro-
logical state, initial treatment, time elapsed between
fracture and surgery, osteotomy spinal level, and
surgical correction type.

Preoperative and postoperative lateral full spine x
rays were measured using the program Impax
Results Viewer (AGFA HealthCare N.V., Belgium),
which registered the following: regional kyphosis
(RK) from the superior vertebral endplate of the
cranial vertebra to the inferior vertebral endplate of
the caudal vertebra adjacent to the fractured
vertebra; thoracic kyphosis (TK) from T4 to T12;
lumbar lordosis (LL) from L1 to S1; lower lumbar
lordosis (LLL) of the superior vertebral endplate
from L4 to the superior vertebral endplate of S1;
lumbar lordosis under the deformity (LLUD) from
the superior vertebral endplate of the caudal
vertebra adjacent to the fractured vertebra to the
superior vertebral endplate of S1 in preoperative
images and from the superior vertebral endplate of
the caudal vertebra adjacent to the instrumentation
to the superior vertebral endplate of S1 in postop-

erative images; pelvic incidence (PI); pelvic tilt (PT);
sagittal vertical axis (SVA); and PI-LL (Figure 1).

Descriptions of the data were made for the
central tendency and dispersion of each variable
by a statistician. Statistical analysis was performed
with the nonparametric Wilcoxon test to compare
preoperative and postoperative radiologic variables.
The analysis was performed using the program
StataSE 14.0 (StataCorp, College Station, TX).

The research protocol was approved by the
institutional ethics committee.

RESULTS

During the study period, 16 patients underwent
operations: 14 men (87.5%) and 2 women, with a
median age of 47.5 years (32–62 years).

A total of 100% of the patients suffered from
high-energy trauma, with 56.3% due to traffic
accidents.

Eleven fractures were type A, and 5 were type B
according to the AO classification. A total of 75%
(12/16) of patients were initially managed conser-
vatively, and the deformity progressed due to failure
of the anterior column. The other 4 patients
previously underwent operations but progressed to
postsurgical kyphosis due to vertebral collapse,

Figure 1. The spinopelvic parameters measured in our study.
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posterior ligament apparatus failure, or implant
loosening (Figure 2).

The median time elapsed from the accident until
corrective surgery was 7 months (2–33 months).

The most frequently operated levels were T12 and
L1 (62.5%), and the most used corrective strategy
was pedicle subtraction osteotomy (11/16). There
were 3 vertebrectomies and 2 discovertebral osteot-
omies with intersomatic fusion performed, 1 of
which was associated with a Smith-Petersen osteot-
omy (Table 1).

Regarding the radiologic parameters (Table 2),
preoperative RK was 33.58, and postcorrection RK
was 128 (P , .001); furthermore, preoperative
LLUD was 68.58, and postcorrection LLUD was
618 (P¼ .017). There were no statistically significant
results regarding TK, LL, LLL, PI, PT, or SVA;
however, there was a noticeable decrease in PI-LL
from 158 preoperatively to 9.58 postoperatively (P¼
.233).

DISCUSSION

Over the last few decades, the importance of
sagittal alignment has been strongly emphasized as
well as the relevance of pelvic parameters and the
clinical repercussions of spinal imbalance.4–9 Most
studies allude to imbalance in elderly patients with

degenerative changes and significant comorbidi-
ties.7,9–11 Few studies have addressed posttraumatic
kyphosis and the subsequent spinal imbalance.

Our group of patients was younger than those
included in most papers published regarding degen-
erative deformities, in which the average age tended
to be older than 70 years.

The high-energy injury mechanism and the
thoracolumbar location of fractures have been
habitually described for these types of acute and
subacute kyphotic deformities.

Although the objective of this study was not to
identify the causes leading to thoracolumbar ky-
phosis, we can mention that most cases were caused
by failure of the anterior column or loss of surgical
correction due to collapse and loosening of the
implants; additionally, the time of surgery from 2 to
33 months was due to a combination of kyphotic
angulation and painful lumbar symptoms that were
intolerable by the patients.

Posttraumatic deformities are fixed or rigid
deformities of a short segment of the spine. Pedicle
subtraction osteotomy has significant corrective
power and requires a single posterior approach.
Osteotomy is the most recommended and used
procedure in the literature.3,12–15 Coinciding with
these observations, pedicle subtraction osteotomy
was the most used method in our study group (11
out of 16 patients). Together with the results of 5

Figure 2. The case of a patient who had a car accident, which resulted in a

misdiagnosed type B fracture that progressed to a fixed kyphosis. (A) Computed

tomography showing the kyphotic deformity. (B) Lateral full spine x ray showing

an unbalanced spine with aþ61 mm sagittal vertical axis.

Table 1. Preoperative and intraoperative variables.

Variables

Value,

N¼ 16 patients

Sex
Male 14
Female 2

Age, median (range), y 47.5 (32–62)
Type of accident
High energy 16
Low energy 0

Type of fracture
A 11
B 5
C 0

Treatment before corrective surgery
Conservative 12
Surgical 4

Time accident-corrective surgery, median (range), mo 7 (2–33)
Level of osteotomy
T11 3
T12 5
L1 5
L2 3

Type of osteotomy
OSP 11
Anterior realignment 5

Follow-up, median (range), mo 16.5 (6–80)

Abbreviation: OSP, pedicle subtraction osteotomy.
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patients in whom a double corrective approach was
used, the median difference in the correction of RK
was significant (21.58) between preoperative and
postoperative values. In our group, global balance
was maintained as measured by SVA in 13 out of 16
patients, and in 2 patients demonstrating negative
imbalance, global balance was restored. Altogether,
these corrective techniques had a success rate of
93.75% (correction range between �38 and 448) in
terms of the level of kyphotic deformity in our
group, and they maintained and/or restored global
sagittal balance, agreeing with what has been
described in the literature16; additionally, despite
demonstrating a higher risk of major complica-
tions,17–19 particularly neurological complications,
due to the location being at the same level of the
conus medullaris,20 these osteotomies at the level of
the deformity achieved effective correction and
better restored the original shape of the spine. In a
series by Kim et al21 of 140 patients with fixed
sagittal deformities due to multiple etiologies who
underwent pedicle subtraction osteotomies, 17
presented with posttraumatic deformities (average
age 62.3 years); a segmental correction of 37.6 6 48

was reported in this subgroup, and a correction of
86 mm in SVA and 34.88 in LL was reported in the
whole series. In a series by Gao et al22 of 89 patients
with posttraumatic deformities and an average age
of 46.9 years, 42 underwent discovertebral osteoto-
my, and 44 underwent pedicle subtraction osteoto-
my and obtained similar clinical and radiologic
results with a correction of the regional deformity
from 39.68 6 3.98 to 5.68 6 3.78 in the discovertebral
osteotomy group and from 39.18 6 3.88 to 4.88 6

4.28 in the pedicle subtraction group. Finally, Zeng
et al,23 in a series of 34 patients with an average age
of 48.9 years who underwent a posterior approach
and posterior osteotomy, reported a decrease in the
regional deformity from 32.38 to 0.98 in the
deformity group with less than or equal to 458 of

kyphosis and from 61.38 to 12.38 in the group with
more than 458 of kyphosis.

Unlike elderly patients with imbalance due to
degenerative pathology, where compensation mech-
anisms such as pelvic retroversion and flexion of the
lower extremities predominate, in young patients
with posttraumatic thoracolumbar kyphosis, the
reported compensation mechanisms are spinal
hypokyphosis and lumbar hyperlordosis.2,11,24 In
our cohort, we found no differences in spinal
kyphosis, but there was a significant reduction in
lumbar lordosis under the deformity with conserva-
tion of the lumbopelvic parameters and SVA. This
can probably be explained by the fact that young
patients have a healthy and flexible spine that allows
them to rebalance before changing the position of
the pelvis; in fact, these flexible spines may even
demonstrate overcorrection of hyperlordosis and
may generate negative sagittal balance and overload
of the lumbar facet joints. This fact may be a
probable cause of the back pain observed in 2
patients in this study (Figure 3).

The main limitation of our work is its retrospec-
tive nature, which significantly restricted the inclu-
sion of patients in the study due to the lack of
comprehensive clinical and imaging records. This
generated a limited number of patients, which
affected the power of our results, as some of the
results, such as LL and LLL, reached radiologically
significant corrections (difference in medians of 68

and 4.58, respectively) but no statistical significance,
which reinforces the idea that, in young patients
with rigid thoracolumbar deformities, the main
compensating mechanism is at the lumbar level.

CONCLUSIONS

Posttraumatic kyphosis results in the compensa-
tion of sagittal imbalance through the modification
of segmental alignment of the mobile spine under

Table 2. Preoperative and postoperative radiologic parameters.

Preoperative Postoperative Pa

CR, median (interquartile range), 8 33.5 (7.5) 12 (13.5) ,.001
LL, median (interquartile range), 8 67 (24) 61 (11.75) .193
CT, median (interquartile range), 8 46 (22) 43.5 (4.75) .836
IP, median (interquartile range), 8 56.5 (9.75) 55 (4.75) .762
PT, median (interquartile range), 8 14.5 (11.25) 14.5 (8.25) .706
LLB, median (interquartile range), 8 48 (6) 43.5 (11.25) .334
LLBD, median (interquartile range), 8 68.5 (6.5) 61 (8.5) .017
IP-LL, median (interquartile range), 8 15 (14.25) 9.5 (7.25) .233
LPC7, median (interquartile range), mm 22 (33) 16.5 (27.25) .571

Abbreviations: CR, text; CT, text; IP, text; IP-LL, text; LL, lumbar lordosis; LLB, text; LLBD, text; LPC7, text; PT, pelvic tilt.
aP statistical significance per Wilcoxon test.
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the deformity. Other compensatory mechanisms,
such as pelvic retroversion, do not seem to be
involved.

Osteotomies are an effective tool to correct
angular deformities at a local level after spine
trauma.
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