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Abstract

Purpose To investigate whether differences in spinopelvic parameters, and especially spinopelvic alignment, could be associated
with adjacent segment disease (ASD) or pseudarthrosis after short-segment lumbar fusion.

Methods Retrospective study of patients offered mono- or bisegmental transforaminal lumbar interbody fusion (TLIF) with
polyetheretherketone (PEEK) or titanium cages, due to degenerative disease. Of 419 patients, 32 (7.6%) presented pseudarthrosis
(nonunion group), 29 (6.9%) developed symptomatic ASD (ASD group), and 358 patients (85.5%) showed evidence of uncom-
plicated fusion (control group). Standard spinopelvic parameters were measured in all patients before and after surgery. The
differences of the values within the parameters (A values) were also calculated. A comparative analysis within and among groups
was performed. Patients were also analyzed by cage characteristics (large vs small, titanium vs PEEK).

Results All studied parameters changed significantly after surgery both in the control and ASD group, while in the nonunion
group, only LL and PI-LL changed significantly (PI-LL increased from 10+ 11°to 14 £+ 10°, p = 0.008). Patients in the nonunion
group presented greater SS before and after surgery, greater PI-LL after surgery, and higher PI, while ASD patients presented
greater absolute mean APT value. Age, size, and type of cage were not related to fusion, nonunion, or ASD.

Conclusions Greater SS, greater PI, and a PI-LL mismatch greater than 10° are associated with failed bony fusion, while
ASD is related to a greater difference between the pre-operative and post-operative values of PT. Neither the type nor the
size of cage seem to have a significant impact on either solid bony fusion, nonunion, or ASD rates. Thus, we recommend
on the study of patients’ sagittal alignment in the pre-operative setting even when treating patients with short-segment
lumbar interbody fusion.
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Introduction provide indirect decompression of the neural elements, restore

lordosis, and correct deformity [3, 4]. The development of

Lumbar disc herniation and degeneration are common spine
pathology, leading frequently to disability, and treatment op-
tions include conservative care, i.e., with steroid injections
and prescribed opiates, and surgery [1, 2]. Surgical interbody
fusion of degenerative levels is an effective treatment option to
stabilize the painful motion segment, which may adequately
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pseudarthrosis, however, represents a well-known complication
of lumbar spine surgery, with the reported rates ranging be-
tween 5 and 35%, and the factors influencing the risk of non-
union being highly variable [5]. On the other hand, fusion of
lumbar vertebrae has been deemed to increase biomechanical
stresses at levels adjacent to the fusion, rendering these unfused
vertebral segments susceptible to degenerative changes, a well-
recognized condition described as adjacent segment disease
(ASD) [6-8]. The incidence of symptomatic ASD after lumbar
spinal fusion has been reported ranging between 0 and 24%,
with a mean annual incidence of 1.2-3.9%, while radiographic
findings indicative of ASD are even more common with report-
ed rates ranging between 36 and 84% [6, 9, 10].

Even Hippocrates recognized that the function of the spine
is to maintain the upright position of the human body and form
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the shape of the human trunk [11], which is facilitated, from
what we know in modern medicine, via maintaining proper
alignment. Over the past years, sagittal balance analysis has
gained importance in reconstructive surgery of the spine, and
there is growing interest in the use of spinopelvic parameters
to predict outcomes in patients with degenerative spinal dis-
ease [12]. In fact, sagittal imbalance has been associated with
various spinal conditions, but its impact on outcomes after
posterior lumbar fusion for degenerative disease has not been
investigated until recently. There has been only some evidence
implying that sagittal malalignment may lead to ASD [9, 13,
14]; nevertheless, little is known regarding possible relations
between variances in sagittal contours and the development of
pseudarthrosis or successful union after short-segment lumbar
instrumentation.

We hypothesized that different sagittal patterns could
be related to the development of either ASD or
pseudarthrosis; therefore; the purpose of the present study
was to investigate whether differences in spinopelvic pa-
rameters, and especially spinopelvic alignment, could be
associated with either of these common conditions follow-
ing lumbar spine surgery.

Materials and methods

We retrospectively studied patients, who underwent pos-
terior lumbar fusion in transforaminal lumbar interbody
fusion technique (TLIF) with polyetheretherketone
(PEEK) or titanium cages, due to degenerative disc dis-
ease, recurrent disc herniation, facet joint arthritis, and
spinal stenosis. The surgical technique included the appli-
cation of multiaxial pedicle screws in one or two seg-
ments (mono- or bisegmental) between L3 and S1 levels.
Cases with spondylolysis, congenital vertebral anomalies,

Fig. 1 Lateral standing L
radiographs of the lumbar spine
after TLIF with PEEK cages a
immediately and b 60 months
after surgery, and titanium cages ¢
immediately and d 48 months
after surgery, show uneventful
fusion

stehend
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infections, fractures, and scoliosis greater than 20° were
excluded. Patients were followed averagely for 50 months
(range, 36—84 months), and the presence of fusion,
pseudarthrosis, or ASD was documented in their files af-
ter clinical and radiological evaluation. If pseudarthrosis
was suspected each patient was examined by thin-cut CT.
Finally, 419 patients (252 women and 167 men; mean
age, 71 £ 11 years) were included in our study; 32 patients
(7.6%) presented pseudarthrosis (nonunion group); 29 pa-
tients (6.9%) developed symptomatic ASD (ASD group);
and evidence of uncomplicated fusion was present in 358
patients (85.5%) (control group) (Figs. 1 and 2). A radio-
graphic spinal evaluation in the free-standing position was
performed in all patients before and after surgery.
Standard spinopelvic parameters, namely pelvic incidence
(PI), pelvic tilt (PT), sacral slope (SS), L1-S1 lumbar lor-
dosis (LL), L4-S1 lordosis (L4S1), and the lumbopelvic
mismatch (PI-LL; PI minus LL modifier is considered an
assessment tool for sagittal alignment) were measured in
all patients, before and after surgery (Fig. 3). The differ-
ences of the values within the parameters were also cal-
culated: APT = preopPT — postopPT, ASS = preopSS —
postopSS, ALL = preopLL — postopLL, AL4S1 =
preopL4S1 — postopL4S1, and A (PI-LL) = preop (PI-
LL) — postop (PI-LL).

Radiographic films were downloaded from Cerner
ProVision™ PACS (picture archiving and communication
system) and sagittal spinopelvic parameters were evaluated
using computer software that enables quantitative measure-
ments of the spine and pelvis. Data were tabulated in a
Microsoft Excel® sheet (Microsoft Corporation, Redmond,
Washington, USA). A paired sample analysis of the parame-
ters was performed within groups. The independent ¢ test was
used for the comparison of the measurements among groups.
A comparative analysis among groups with respect to size and
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Fig. 2 Standing radiographs of the lumbar spine after TLIF with a PEEK
cage (AP view) and b titanium cage (lateral view), show cage subsidence
in the setting of failed union, 12 and 16 months after surgery, respectively

type of cage (34 mm vs 29 mm cages; PEEK vs titanium
cages) was also performed using the chi-square test. Data were
analyzed using the SPSS v.18.0 (SPSS Inc. Chicago, IL, USA)
statistical package for personal computers. The level of signif-
icance was set to 0.05.

Fig. 3 Measurement of
spinopelvic parameters in a lateral
standing radiograph of the lumbar
spine. a Lumbar lordosis (LL) and
L4S1 lordosis (L4S1). b Pelvic
incidence (PI, yellow) was
regarded as the angle between the
line connecting the hip axis and
the midpoint of the superior
endplate of S1 and the line
perpendicular to it; pelvic tilt (PT,
blue) was regarded as the angle
between the line connecting the
midpoint of the superior endplate
of S1 and the hip axis, and the
vertical line; sacral slope (SS, red)
was regarded as the angle
between the superior endplate of
S1 and the horizontal plane

Results
Comparison of the parameters within groups

All studied parameters changed significantly after surgery
both in the control and ASD group. More precisely LL,
L4S1, and SS decreased, while PT and PI-LL increased
(Table 1). In the nonunion group, however, only LL and PI-
LL changed significantly (Table 1). In fact, the mean PI-LL in
these patients was greater than 10° after surgery (10+11°
preoperatively vs 14 + 10° postoperatively, p = 0.008), while
in patients with uncomplicated fusion and those presenting
ASD, the PI-LL modifier may have increased but remained
nevertheless below 10° (Table 1).

Comparison of the parameters between groups

The analysis among groups revealed significant differ-
ences between the nonunion and the control group, and
although patients presenting symptomatic ASD did not
differ significantly from controls, significant differences
were found among patients presenting ASD and
pseudarthrosis (Table 2). More precisely, patients in the
nonunion group presented greater SS before and after sur-
gery as compared to the control and ASD group patients;
pre-operative SS in the nonunion group was approximate-
ly 38 £6° vs 34 £9° (control group, p=0.034) vs 34 £7°
(ASD group, p=0.019); post-operative SS was 36 +7° in
the nonunion group vs 33 +8° (control group, p=0.033)

65,8/ 114,2°

39,3°/ 140,7°
\ Sueer 4
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Table 1 Comparison of

spinopelvic parameters before Control Nonunion ASD

and after surgery within the three

groups of patients Mean + SD )4 Mean + SD )4 Mean + SD )4
Pre-operative PT 209 + 8.8 0.019 21.8 £8.7 0.398 19.5 £8.7 <0.001
Post-operative PT 21.5 £8.1 224+179 221+79
Pre-operative SS 344 +£85 <0.001 37.6 £ 6.1 0.163 33.5+72 < 0.001
Post-operative SS 33 +84 363 +7.1 305+ 7.4
Pre-operative LL 47 £ 129 <0.001 484 +11.4 <0.001 479 £ 11.6 0.001
Post-operative LL 45 £ 13.1 444 + 12.1 44.1 +9.7
Pre-operative L4S1 28.5+9.1 <0.001 30+72 0.155 27.5+175 0.007
Post-operative L4S1 27.1£92 28.6 £ 8.3 25.1+£82
Pre-operative PI-LL 72+ 11.7 <0.001 103+ 114 0.008 45+ 118 0.001
Post-operative PI-LL 93 +11.5 142 +10.4 83 +114

Mean values of parameters in degrees. SD standard deviation. Paired samples analysis. Significant differences in

italics

vs 31+7° (ASD group, p=0.002). PI-LL after surgery
was also found significantly greater in patients with
pseudarthrosis; 14+10° vs 9+12° in the control group
(p=0.02) vs 8£11° in the ASD group (p=0.037).
Similarly, PI was greater in the nonunion group (59 +
10°) as compared to controls (54+11°, p=0.032) and
patients with ASD (52+8°, p=0.011). Lastly, patients
with ASD presented greater absolute APT values com-
pared to nonunion and control groups. The analysis be-
tween groups did not reveal any other significant differ-
ences with respect to the rest of the parameters studied
(Table 2).

Age, cage size, and cage type

Patients in the control group were slightly younger (70.9 +
11.3 years) than pseudarthrosis (72.3 £6.7 years) and ASD
(72.9 +7.8 years) patients without any statistical significance
whatsoever (Table 3). Regarding cage size, of 223 patients
receiving a large cage (34 mm), 16 patients developed
pseudarthrosis (7.2%) and 15 developed ASD (6.7%), while
of 196 patients receiving a small cage (29 mm), 16 developed
pseudarthrosis (8.2%) and 14 developed ASD (7.1%). The
analysis showed no association between cage size and the
occurrence of pseudarthrosis or ASD. Similar were the

Table 2  Comparison of spinopelvic parameters and age among the three groups of patients
Nonunion Control Nonunion ASD Control ASD
Mean + SD Mean + SD P Mean + SD Mean+SD p Mean + SD Mean+SD p

Pre-operative PT 21.8 +8.7 20.9 + 8.8 0.57 21.8 £8.7 19.5 £8.7 0.292 209 + 8.8 19.5 £ 8.7 0.393
Post-operative PT 224+79 21.5+8.1 0578 224+79 221+79 0.879 215 +8.1 221+79 0.733
Pre-operative SS 37.6 £ 6.1 344 +85 0.034 376 +6.1 335+72 0.019 344 +85 335+72 0.601
Post-operative SS 363 +7.1 33+ 84 0.033 363 +7.1 305+ 74 0.002 33 +84 30574 0.103
Pre-operative LL 484 £ 11.4 47£129 0565 484 +114 479+11.6 0.88 47+129 479=+11.6 0.707
Post-operative LL 444 +£12.1 45+13.1  0.827 444 +12.1 44.1 £9.7 0914 45 £13.1 441 £9.7 0.734
Pre-operative L4S1 30+£72 28.5+9.1 0.359 3072 275+75 0.182 285 +9.1 275+75 0.553
Post-operative L4S1 28.6 + 8.3 27.1+£92 0397 28.6+83 251 +82 0.101 271 +£92 25.1+82 0.233
Pre-operative PI-LL 103 +11.4 72+ 117 0.159 103 £ 11.4 45+11.8 0.054 72 £11.7 45+11.8 0218
Post-operative PI-LL 142 +£104 93115 0.02 142 £ 104 83114 0.037 93=£11.5 83+ 114 0.645
PI 58.6 £10.1 542+ 112 0032 58.6+10.1 524 +£83 0.011 542 £11.2 524 +£83 0.38
APILL -42+79 -2.02+7.1 0349 -42+79 -39+57 0304 -2.02+7.1 -39+57 0.68
APT -0.6 £3.7 -06+53 0928 —0.6+3.7 —-26+32 0.02 -06=+53 —2.6+32 0.044
ASS 13+52 1.3+£54 0.991 1.3+£52 3.1+£38 0.172 13+54 3.1+38 0.138
ALL 39+79 2.1+7 0.15 39+79 38+£5.6 0.966 2.1+7 38+5.6 0.179
ALA4SI 14+£5.6 1.3£59 0.932 14£5.6 24+45 0.526 1.3+59 24+45 0.436
Age (years) 723 +£6.7 709+ 113 0504 723 +6.7 729+ 7.8 0.718 709 £11.3 729 +£7.8 0.342

Mean values of parameters in degrees. SD standard deviation. Independent ¢ test. Significant differences in italics
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findings regarding the type of cage; 323 patients received a
PEEK cage (77.1%) and 96 patients a titanium cage (22.9%).
From the PEEK group, 27 patients (8.4%) developed
pseudarthrosis and 19 patients (5.9%) ASD, while 5 (5.2%)
and 10 patients (10.4%) from the titanium group developed
pseudarthrosis and ASD, respectively. Although titanium
cages seem to be related to ASD while PEEK cages to
pseudarthrosis, analysis revealed no significant differences
between groups (Table 3).

Discussion

The study of sagittal balance has shown that malalignment
after adult spinal deformity procedures may lead to poor out-
comes in both lumbar and cervical regions [12, 15-18]. In
order to prevent instrumentation and/or surgery related com-
plications to occur, patients with apparent sagittal imbalance,
regardless the coronal imbalance, should be offered proper
correction of the spinal alignment [19]. Pseudarthrosis repre-
sents a common complication of spine surgery that most of the
times needs to be surgically addressed, while various risk
factors have been identified that may lead to unsuccessful
arthrodesis, such as osteoporosis, older age, excessive alcohol
consumption, smoking, malnutrition, and excessive motion at
the thoracolumbar junction [5, 20]. A relationship between
hypolordosis and elevated PI, and the risk of pseudarthrosis
has been suggested for patients who undergo long posterior
lumbar instrumentation and fusion [21]. To the best of our
knowledge, the relation between sagittal alignment parameters
and pseudarthrosis, in patients treated with short-segment fu-
sion for non-deformity spinal conditions, has not been previ-
ously investigated. The most important finding was that pa-
tients with unsuccessful fusion presented significantly greater
mean PI and mean difference between PI and LL than patients
with uneventful arthrodesis. Additionally, in these patients the
PI-LL mismatch increased after surgery to approximately 14°.
Pl is of primary importance in regulating sagittal spinal align-
ment, and the relationship between LL and PI has been al-
ready investigated and considered as a significant assessment
tool for sagittal alignment [22—24]. The non-pathological cut-
off value of PI-LL has been speculated to be within 10° [14,

25]. As a matter of fact, patients in this series with successful
spinal fusion presented a mean value of PI-LL of approxi-
mately 9°, which was not the case in patients with
pseudarthrosis. The reason that PI-LL modifier has been gen-
erally considered as an important index of sagittal balance is
due to findings showing that a great PI-LL mismatch (> 10°)
has the strongest correlation with disability and lower quality
of life scores in adult patients with spinal deformity [6, 26],
associated at the same time with surgery-related complications
like screw loosening and ASD [14, 27]. Should be noted that
the sum of SS and PT equals to PI, which is regarded as a
constant and unique anatomical parameter in individuals re-
gardless of the pelvic position and age [23, 28]. Since PT was
approximately the same between groups before and after sur-
gery (less than 1° differences), patients in the nonunion group
presenting greater PI would consequently have greater SS,
which was the case here, indeed. If, theoretically, SS values
were to be decreased in these patients to values more closely
to the control group, then PT would be equally and signifi-
cantly increased, for the sum (PI = PT + SS) to remain the
same. This would rather complicate restoration of spinal align-
ment in these patients, as an increased pelvic retroversion
(increased PT) is related to suboptimal outcomes after surgery
and sagittal imbalance [26, 29]. Thus, it can be implied that
patients with greater PI and SS may be inherently subjected to
greater forces, and subsequently to instability and
pseudarthrosis; therefore, we agree with Le Huec et al. [12],
that with respect to sagittal alignment in the treatment of lum-
bar degenerative disc disease what is mainly essential is re-
storing lordosis proportional to the PI value.

Patients presenting ASD in this series had similar align-
ment patterns to patients with uncomplicated fusion. The only
significant difference between these patients and the other
groups was APT value. More precisely, PT increased after
surgery in these patients not only significantly, but also at a
greater degree compared to the other patients. Matsumoto
et al. [6], in their retrospective matched case-control study
showed that 20 patients developing ASD after single-
segment posterior lumbar interbody fusion presented higher
PT than the control group (r = 100). In the same study, it was
shown, nonetheless, that the PI-LL mismatch was associated
with ASD (75% presented PI-LL greater than 10° vs 40% in

Table 3 Between group analysis
(Chi-square test) with respect to Control (%)
size and type of cage

Nonunion (%) ASD (%) P

Control vs ASD Control vs Nonunion

Large cage 86.1
Small cage 84.7
PEEK cage 85.7

Titanium cage 84.4

72 6.7 0.849 0.854
8.2 7.1
8.4 59 0.172 0.504
52 10.4

Large =34 mm vs small =29 mm; and PEEK vs titanium cages. The ASD vs nonunion group analysis was
performed but did not show statistical significant differences
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the control group), which was not the case in the present study.
Rothenfluh et al. [14], in another retrospective study with 84
patients, showed also that ASD patients (n =45) had greater
PI-LL values than the control group patients (n =39). On the
other hand, Alentado et al. [9], retrospectively studied 137
patients, of whom 13 developed ASD, and found that these
patients presented rather lower PI and SS than controls, while
PI-LL and PT were not found to be significantly different
among groups. It can be hereby suggested that differences in
the spinopelvic parameters between patients with ASD and
uneventful fusion seem to exist; nonetheless, a safe conclusion
is yet to be drawn, as the complex biomechanical interactions
and the compensatory mechanisms that apply in the setting of
spinal sagittal malalignment are still not fully understood and
studied.

In an attempt to investigate whether different cage proper-
ties play a key role in the fusion process, groups were ana-
lyzed according to type and size of interbody cage implanted.
It was shown that neither type (PEEK vs titanium) nor size
(large vs small) were associated to pseudarthrosis and ASD
after short-segment lumbar fusion. Titanium presented higher
ASD and lower nonunion rates, and conversely PEEK cages
presented higher nonunion and lower ASD rates. However,
these differences were not significant among groups. Data
from literature are quite controversial on the subject.
Nemoto et al. [30] found that fusion rates in patients undergo-
ing single level TLIF were higher in the titanium group
two years after surgery (100% vs 76% in the PEEK group,
p=0.016), while in another study, Tanida et al. [31] showed
that the union rate at two years after TLIF was approximately
the same between titanium and PEEK cages [82.8% vs 80.4%,
respectively (p = 0.72)]. More recently, investigators analyzed
fusion rates in patients, who underwent mono- or bisegmental
PLIF with either titanium or PEEK cages, but without addi-
tional bone grafting [32]. It was shown that fusion rates were
higher in the titanium group (53% vs 32% in the PEEK
group), while ASD rates were almost the same among groups
(7% and 8% in the titanium and PEEK groups, respectively);
nevertheless, an analysis confirming the significance of these
results was not performed [32]. Lastly, in a recent meta-anal-
ysis, the fusion rates of titanium and PEEK cages, used in both
lumbar and cervical procedures, were studied; overall, there
was no statistically significant difference in the fusion rates
between groups [33].

We acknowledge the fact that the retrospective design of
our study represents a major limitation when interpreting the
results. However, the size of our sample, which is of the larg-
est published regarding the subject analyzed, in addition to the
fact that it is a single-centre study, where all patients were
treated by the same group of surgeons in the same manner,
may limit the bias created by the study design. Another limi-
tation is that the sagittal vertical axis (SVA), a basic tool when
estimating sagittal alignment, was not included in our

@ Springer

analysis. This was due to the fact that data regarding SVA
were available only for a limited number of patients, as we
do not routinely perform lateral radiographs of the entire spine
before and after surgery in all patients. Nonetheless, the PI-LL
modifier analyzed in this study has been proven a significant
measure in the assessment of spinopelvic balance, allowing
for conclusions to be drawn.

Conclusions

In summary, spinopelvic parameters and sagittal alignment
seem to play a significant role in the success of short-
segment TLIF procedures for disc degeneration or herniation.
Patients in this series with failed bony fusion presented greater
SS before and after surgery, and greater PI as compared to
patients with arthrodesis. Additionally, pseudarthrosis was re-
lated to suboptimal sagittal alignment, since these patients
presented not only greater PI-LL mismatch after surgery, but
also a mean mismatch that was greater than 10°. The occur-
rence of ASD was not related to the aforementioned parame-
ters; nevertheless, a greater difference between the pre-
operative and post-operative values of PT was observed in
these patients. Lastly, neither the type nor size of interbody
cage were found to have a significant impact on either solid
bony fusion, nonunion, or ASD rates. Thus, it can be further
implied that spinopelvic sagittal malalignment may contribute
in the development of surgery related complications, and we
recommend on the study of patients’ sagittal alignment in the
pre-operative setting even when treating patients with short-
segment lumbar interbody fusion.
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