View metadata, citation and similar papers at core.ac.uk

Eur Spine J
DOI 10.1007/s00586-016-4883-8

P
brought to you by . CORE

-
‘ ’ CrossMark
-

ORIGINAL ARTICLE

Posterior implant removal in patients with thoracolumbar spine

fractures: long-term results

A. J. Smits' - L. den Ouden' - A. Jonkergouw' - J. Deunk’ + F. W. Bloemers’

Received: 24 May 2016/Revised: 30 October 2016/ Accepted: 13 November 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract

Purpose Debate remains whether posterior implants after
thoracolumbar spine fracture stabilization should be
removed routinely or only in symptomatic cases. Implant
related problems might be resolved or even prevented but
removal includes secondary risks. The aim of this study
was to evaluate safety, patient satisfaction and quality of
life after implant removal.

Methods A retrospective cohort study was performed
concerning 102 patients that underwent posterior implant
removal after stabilization of a traumatic thoracolumbar
fracture between 2003 and 2015. Patients were invited to
fill in SF-36, EQ-5D and RMDQ questionnaires after
implant removal. Additionally, questions concerning sat-
isfaction were presented. Cobb angles before and after
removal were measured and in- or decrease of symptoms
was gathered from hospital charts.

Results Mean age at removal was 38 years and time from
implant removal to questionnaire was approximately
7 years, 62 patients filled in the questionnaires. Compli-
cations were present in 8% and quality of life was reported
as fairly good. Patients had less back pain related disability
compared to chronic low back pain patients. After removal
there was a kyphosis increase which did not correspond
with worsened clinical outcome. Removal decreased most
symptoms and even asymptomatic patients reported benefit
in most cases. An increase of symptoms after removal was
reported in 11% of patients.
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Conclusion Implant removal is generally safe and provides
high patient satisfaction. Overall, patients have a fairly
good quality of life. Most symptomatic and asymptomatic
patients report benefit from removal. However, low risks of
complications and increase of symptoms have to be
weighted for individual patients.
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Introduction

Treatment of thoracolumbar spine fractures depends on
fracture morphology, the presence of ligamentous injury
and neurological deficit. While surgical stabilization with
posterior pedicle screws and rods is clearly indicated for
unstable fractures with ligamentous injury and neurological
deficit, operative and non-operative treatment varies for
most fractures [1]. In addition, surgical procedures such as
transpedicular bone grafting and fusion are also subject to
global variability.

The use of metal implants establishes immediate sta-
bility and spinal anatomy restoration, thereby preventing
neurologic deterioration and minimizing pain [2—4]. This
allows early mobilization, consequently improving the
rehabilitation process of the patient and reducing postop-
erative complications, such as pulmonary infections and
decubitus [3-5]. During the last decades the instrumenta-
tion and approaches of surgical treatment underwent
numerous developments [4, 6-8].

When fracture consolidation is present, posterior
implants have become dispensable [9]. Possible concerns
of in situ implants are thought to be disc degeneration,
facet arthrosis, micromotion, metal fretting, infections and
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osteopenia caused by stress shielding [9—13]. On the con-
trary, removing the implant is accompanied with risks such
as surgical site infection, neurovascular injury, loss of
reduction and refracture [10, 14, 15]. So far, there is no
unanimity about the necessity and timing of the removal of
implants.

Previous studies on implant removal focused merely on
removal after surgery for deformity correction and low
back pain, or only described results of implant removal
because of implant related symptoms [9, 12, 14—17]. Some
described only small cohorts [2, 4, 16] or focused largely
on removal of long-segment fixation [10]. Other studies
focused on the posterior stabilization itself, but advocated
routine removal of implants to regain mobility of the spine
and minimize potential damage [4, 18]. In the current lit-
erature there is no consensus whether implants should be
removed routinely after fracture consolidation, or only in
selected cases with pain or other implant related symptoms.

The aim of this study was to evaluate safety, patient
satisfaction, quality of life and back specific outcomes after
posterior implant removal for traumatic thoracolumbar
fractures in both symptomatic and asymptomatic patients.

Materials and methods

A retrospective cohort study was performed with adjacent
data collection concerning patients’ current situation. The
study was reported following the STROBE-statement for
observational studies. Patients were retrieved from the
hospital system by specific surgery implant removal codes.
Inclusion only consisted of patients that underwent poste-
rior implant removal after posterior or combined antero-
posterior stabilization of one or more traumatic thora-
columbar (Th3-L5) fractures between 2003 and 2015 in our
university level 1 trauma center. Patients had originally
been surgically stabilized because of fracture deformity,
ligamentous injury or neurological deficit. Not all patients
that underwent surgical stabilization in this period under-
went implant removal, this was generally based on pref-
erence of treating surgeon or on reported symptoms.
Requirements for implant removal were: (1) approximately
1 year after surgical stabilization, (2) confirmed fracture
consolidation on CT or conventional radiography (3)
patients’ informed consent concerning the risks of surgery.
Criteria for exclusion were: age below 18, complete spinal
cord injury and implant removal because of deep infection
of implants.

Data collection and clinical follow-up

Patients’ baseline characteristics at primary injury were
collected from the trauma registry and hospital information
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system. These included age, sex, mechanism of injury,
level of injury, amount of fractured vertebrae, neurologic
status, injury severity score (ISS), surgical treatment,
implants used, amounts of segments fused, date and dura-
tion of admissions and complications. Neurologic injury
was scored according to the AO-spine neurologic modifier
[19]. Outpatient hospital charts were reviewed to gather
further information about complications and the amount of
symptoms before and after implant removal. Three groups
could be created based on symptoms: (1) the asymptomatic
group; no reported symptoms at all before implant removal,
(2) the symptomatic group; pain or implant-specific
symptoms before removal and (3) the unknown group;
unclear whether symptoms were present prior to removal.
Additionally, hospital charts were reviewed whether
symptoms increased, decreased or remained unchanged
after implant removal.

All patients were invited to fill out three validated
questionnaires in the context of this study; the short-form
36 (SF-36), Euroquol 5 dimensions (EQ-5D), Roland
Morris Disability Questionnaire (RMDQ) [20] and a
demographic questionnaire. The demographic question-
naire focused on patients’ opinion about the removal of the
posterior implant concerning experienced benefit and sat-
isfaction gained after removal. These were answered on a
three level scale (a lot, some or none). As a final question,
patients were asked if they would hypothetically undergo
the same procedure again (yes, no or don’t know).

Fracture morphology and radiographic follow-up

In all patients the available radiographic material after
injury was reassessed for fracture classification. This was
done following the 2013 AO-spine fracture classification
[19]. Each fracture was classified by two separate authors
using CT-scans, MRI when available and the surgeon’s
perioperative report to objectify damage to the posterior
ligamentous complex (PLC) or anterior ligamentous com-
plex. A consensus meeting took place with two experi-
enced spine trauma surgeons about the cases on which
debate existed. Cobb angles [21] were measured on sagittal
CT when available or on lateral plain radiographs or
sagittal-MRI, kyphosis was noted as a positive value and
lordosis as negative. Measurements were done at time of
injury, implant removal, 1 year after implant removal and
at final follow-up if available.

Surgical technique

The initial fracture treatment consisted of solely posterior
open stabilization or combined anterior and posterior sta-
bilization. No patients were treated with percutaneous
techniques, all posterior implants consisting of pedicle
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screws and rods were inserted through an open approach,
no posterior fusion was performed. Additional anterior
stabilization was performed in a second procedure only in
selective cases, based on a load sharing classification score
of >7 [22] and clinical condition. Anterior stabilization
consisted of an expandable titanium cage which was
inserted after a corpectomy and disc removal. The cor-
pectomy bone was mixed with demineralized bone matrix
and added around the cage, subsequently additional
anterolateral plating was performed. The procedure of
anterior stabilizations was performed either open or tho-
racoscopically depending on the level of the fracture. In
one patient, balloon kyphoplasty was performed in addition
to posterior stabilization.

Posterior implant removal was carried out with the
patient in prone position through an open approach with
midline incision. No prophylactic antibiotics were given
during implant removal. Wound drains were left behind
and removed when output ceased. Post-operatively,
patients were allowed to mobilize as tolerated.

Statistical analysis

Continuous data is shown as mean with standard deviation
(SD), or if applicable median with interquartile range
(25th—75th percentile). Categorical data are shown as
numbers and percentages. To compare categorical
dichotomous variables a Chi-square test with absolute
frequencies was used. To compare continuous data with
normal distribution a ¢ test was used. To compare variables
over time a paired ¢ test was used. Possible correlations
were tested with a ¢ test for two subgroups. In the case of
more subgroups ANOVA and a scatterplot with Pearson or
Spearman correlation, dependent on normality, were used.
To test ordinal variables a Mann—Whitney test was used in
the case of two groups, and a Kruskal-Wallis in the case of
more groups. Effect modification was tested with stratified
analysis. The SF-36 is not normally distributed [23] and
neither was the RMDQ in our sample, but in consistency
with previous literature [24, 25] and to be able to compare
the values to a Dutch population, means with SD were
used. P < 0.05 was regarded as statistically significant.
Statistical analysis was conducted using IBM SPSS 22.0.

Results

One hundred and two consecutive patients were included in
this study after posterior implant removal. The mean age
was 38 years (range 18-78). Implant removal was done
after a median of 12 months (IQR 10-14) after fracture
surgery. The questionnaires were filled out after a mean of
6 years and 10 months (SD 43) after implant removal.

Sixty-one percent had an A3 fracture, 41% had a B-type
fracture and 6% had a C-type fracture. Sixty-four patients
(63%) underwent solely posterior fixation and 38 patients
(37%) underwent combined anterior—posterior stabiliza-
tion. Sixty-two patients (61%) responded to our invitation
to fill out the questionnaires, of these patients 59 valid
outcome scores could be calculated. The asymptomatic,
symptomatic and unknown group, respectively, consisted
of 28 (28%), 59 (58%) and 15(15%) patients. Further
baseline characteristics and treatment modalities are shown
in Table 1.

There were eight (8%) implant removal-related com-
plications (Table 2), from which wound infections were
most prominent. Two deep wound infections were treated
with re-admission, drainage and intravenous antibiotics.
Superficial infections could be treated with oral antibiotics
without admission. One symptomatic patient, with a con-
solidated fracture on CT, experienced progressive pain
after implant removal due to end plate deformity without
progressive kyphosis. This patient was anterior stabilized
through a minimally invasive thoracoscopic approach
10 months after implant removal with good result.

Complications were not correlated with worse outcome
scores (Table 3). Effect modification was tested for
ISS < 16 and >16, neurologic injury and posterior vs
combined stabilization. ISS was an effect modifier and
stratified outcomes are reported. The group with neurologic
injury (Neurologic Modifier 2 or 3) was too small (n = 5)
to draw conclusions on effect modification. Surgical tech-
nique (posterior vs combined) caused no change in
outcomes.

Compared to the general Dutch population scores on the
EQ-5D [26], the majority of patients with an ISS < 16 did
not report more problems on mobility and self-care, but did
report increased pain, anxiety and problems on daily
activity (P < 0.01). Patients with an ISS > 16 reported
more problems on all domains (P < 0.01) (Table 4;
Fig. 1). On the SF-36 all patients scored worse on pain,
vitality and physical component score compared to the
general Dutch population [24] [P < 0.05 (ISS < 16),
P < 0.01 (SS > 16)]. Patients scored less back pain
related disability (RMDQ) compared to a Dutch reference
population with treated chronic low back pain [25]
(ISS < 16: P <0.01, ISS > 16: P <0.05) (Table 4;
Fig. 2).

The majority of symptomatic and asymptomatic patients
experienced some kind of benefit, reported satisfaction and
would hypothetically undergo a re-removal (Fig. 3). After
removal, 11% of the total group showed a subjective
increase of symptoms (Fig. 4) while these patients did not
have removal-related complications. In the asymptomatic
group, 74% reported benefit of the removal and 90% had
no symptoms after removal. The symptomatic patients
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Table 1 Patient characteristics

n 102
Sex M:F 55:47
(55%:46%)
Mechanism of injury
Fall/jump off height 42 (41%)
Traffic accident 28 (28%)
Conventional fall 13 (13%)
Fall off horse 9 (9%)
Object on back 7 (7%)
Sports accident 3 (3%)
ISS (median, IQR) 9 (4-13)
Level of injury®
Th3-10 12 (12%)
Th11-L2 77 (76%)
L3-L5 13 (13%)
AO morphologyb
A0-A2 5 (5%)
A3 62 (61%)
A4 35 (34%)
Bl 8 (8%)
B2 32 31%)
B3 2 (2%)
C 6 (6%)
Patients with multiple vertebral fractures (type: 41 (40%)
A/B/C)
Neurologic modifier (at injury)® (n = 78)
NO 62 (61%)
N1 3 3%)
N2 5 (5%)
N3 7 (7%)
Not documented 25 (25%)
Posterior fixation
UsSS 83 (81%)
Tenor 16 (16%)
Other (S4, Expedium) 3 (3%)
Combined anterior—posterior fixation 37 (36%)
Thoracoscopic approach 28
Open approach 9
Cage 31
Bone graft 6
Posterior segments immobilized
1 1 (1%)
2 71 (70%)
3 19 (19%)
>3 11 (11%)

4 Level of injury subjects may overlap total n because some patients
suffered multiple vertebral fractures

" AO morphology subjects may overlap total n because most B and C
type injuries are associated with an A type fracture

¢ N4: excluded
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reported a direct decrease of symptoms in 62% of cases.
Cobb angles increased significantly (P < 0.01) after
removal of implant until final follow-up with 4.9° and 3.5°,
respectively, for posterior and antero-posterior fixation
[median 22 (IQR 12-31) and 26 (IQR 18-47) months]
(Table 5; Fig. 5). Subgroup analysis for Cobb angle
increase, fracture type and treatment modalities showed no
significant correlation coefficients or differences with out-
comes (Table 4).

Discussion

After its introduction in the 1980s, posterior short-segment
fixation with pedicle screws became the most widely per-
formed surgical treatment for traumatic spine fractures [6].
However, indications for spinal implant removal after fracture
consolidation are not well defined, with different policies
being applied in absence of international guidelines. Disad-
vantages of leaving the implant in situ have been described
[9-11], this might lead to pain, functional impairments and
implant-induced injury to the spine [2, 4, 11, 27].

Only few previous studies focused on implant removal
after thoracolumbar fractures, these concluded a main-
tained mobility [4], increased range of motion and func-
tional outcome [2, 10, 17] after implant removal. However,
these studies were all retrospective with small cohorts and
limited validated outcomes. Recently, Jentzsch et al. [17]
reported a decrease in pain and improved function in a
cohort after implant removal because of related symptoms.
However, the follow-up period was only 6 months and
except pain no validated functional outcomes were repor-
ted. Moreover, no asymptomatic patients were studied, but
only symptomatic patients with discomfort or implant
related pain. Jeon et al. [10]. recently described a case—
control study that compared routine implant removal to a
control-group without removal. They concluded that rou-
tine removal is beneficial because it alleviates pain and
disability. However, the study included merely long-seg-
ment fixation (on average four levels) and quality of life
was not assessed. In this study, we evaluated short-segment
fixation, included posterior and antero-posterior stabilized
patients and described quality of life. Additionally we
differentiated between asymptomatic and symptomatic
removal of implants.

Outcomes

The average quality of life scored on the EQ-5D after a
traumatic fracture with removal of implant in this study is
slightly lower compared to a normative population but still
considerably high. Other studies focus mainly on radio-
logical outcomes and pain. Patients with an ISS > 16
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Table 2 Complications

Complication N (%)
Superficial wound infection 3(3)
Deep wound infection 2(2)
Instability after removal 1(1)
Bleeding 1(1)
Pneumonia 1(1)
Total 8 (8)

scored worse on all quality of life scores compared to
patients with an ISS < 16, indicating that concomitant
injuries probably have a negative impact on quality of life.

Measuring back specific outcome and quality of life is
difficult because none of the existing outcome measure-
ments for spinal pathology are validated for spinal trauma
[28, 29]. The RMDQ is widely used in studies that assess
spinal trauma, but is only validated for patients with low
back pain. Siebenga et al. [30], however, have shown a
correlation for VAS and RMDQ) in patients with a vertebral
fracture, and therefore, we used the RMDQ to assess back
function. To assess quality of life we used the EQ-5D and
SF-36 which are not validated for spinal trauma [28] but
widely used in studies assessing spinal trauma. These

questionnaires cover a lot of CF categories that are deemed
relevant for spinal trauma [28, 29].

Safety and satisfaction

We found removal-related complications in only 8%, with
only one of 102 patients that needed a re-operation. Con-
sidering this low amount of serious complications, we think
that implant removal is generally safe. Overall, it seems
that implant removal surgery provides high patient satis-
faction. Most patients reported benefit of implant removal
and the majority of patients are willing to undergo the same
procedure again. Most symptomatic patients had a decrease
of symptoms after implant removal and reported benefit.
Even in patients that were asymptomatic prior to removal,
74% still reported some kind of benefit due to implant
removal. This benefit might be explained by the fact that
implant removal could aid in restoring spinal motion
[2, 10, 13]. However, we did not further define this benefit
nor did we measure spinal movements in this study.
Although the benefits of implant removal on spinal
movement are likely, they have not been proven in
prospective randomized trials yet and should, therefore, be
taken with some caution. While most patients reported
benefit and satisfaction, approximately 11% of the patients

Table 3 Correlations for treatment modalities, fracture classification and radiologic parameters with outcomes

Variable Group n  EQ-5D Index mean (SD) SF-36 PCS mean (SD) RMDQ median (IQR) P
Cobb-angle change from removal to Continuous 34 Spearman —0.02 Pearson —0.1 Spearman 0.06 NS
FFU P =09 P =07 P=0.7

Fracture level T3-T10 7 0.76 (0.11) (P = 0.2)° 40.8 (11) (P = 0.6) 5.00 9) (P =0.8)° NS
T11-L2 45 0.83 (0.17) 45.5 (13) 2.00 (9)
L3-L5 6 0.70 (0.15) 42.1 9) 7.00 (8)

Time to implant removal (months) <10 14 0.80 (0.14) (P = 0.8)~ 47.2 (10) (P =0.5)" 1.50 9) (P = 0.6)"‘t NS
>10 41 0.81 (0.19) 44.8 (12) 3.00 (6)

AO morphology A3-A4 30 0.84 (0.12) (P =0.2)" 452 (12) (P = 09"  2.00(7) (P = 0.6)° NS
B 24 0.78 (0.21) 44.5 (12) 4.00 (11)
C 4 0.71 (0.19) 42.8 (15) 2.00 (15)

Stabilization P 30 0.79 (0.20) (P =04)~ 447 (12) (P = 1.0)~  3.00 (6) (P = 0.7)* NS
AP 28 0.83 (0.13) 44.7 (13) 2.50 (12)

Segments fixated 2 42 0.81(0.19) (P = 0.9)" 45.6 (12) (P = 0.08)"  2.00 (8) (P = 0.6)° NS
3 0.81 (0.13) 46.5 (12) 4.00 (9)
>4 0.79 (0.06) 342 (12) 5.00 (9)

Complications Yes 0.82 (0.17) (P =0.9)~ 48.0 3) (P =0.7)" 350 () (P = 0.7)I NS
No 56 0.81 (0.77) 44.6 (12) 3.00 (9)

FFU final follow-up, NS not significant, PCS physical component score, P posterior, AP antero-posterior

 One way ANOVA

° Kruskal-wallis test

~ Independent ¢ test

t Mann—whitney

# Composed over-all significance
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Table 4 Outcome scores for quality of life and back pain related disability stratified for ISS < and > 16

Clinical follow-up stratified for ISS ISS <16 (n =46) 1SS > 16 (n = 13) Dutch population [24, 26] P
ISS<16 1ISS> 16
EQ-5D  Mobility" No problems 83% 42% 87% 0.4 <0.01*
Problems 17% 58% 13%
Self-care’ No problems  91% 75% 96% 0.08 0.01*
Problems 9% 25% 4%
Usual activity No problems  54% 50% 87% <0.01* <0.01*
Problems 46% 50% 13%
Pain/discomfort" No problems 29% 8% 66% <0.01* <0.01*
Problems 71% 92% 34%
Anxiety/depression’  No problems 72% 58% 97% <0.01* <0.01%*
Problems 28% 42% 3%
VAS® N =58 76 (SD 15) 82 (SE 0.4) <0.01*
Index value® N =58 0.81 (SD 0.17) 0.910 (SE 0.005) <0.01*
SF-36°  Physical function 79 (SD 24) 64 (SD 24) 83 (SD 22.8) 0.3 0.03*
Role physical 66 (SD 43) 41 (SD 42) 76 (SD 36.3) 0.1 0.02*
Bodily pain 64 (SD 27) 52 (SD 21) 75 (SD 23.4) <0.01* <0.01*
General health 67 (SD 26) 55 (SD 29) 71 (SD 20.7) 0.3 0.1
Vitality 61 (SD 21) 52 (SD 23) 69 (SD 19.3) <0.01* 0.02*
Social functioning 75 (SD 29) 68 (SD 23) 84 (SD 22.4) 0.05 0.02*
Emotional 76 (SD 39) 70 (SD 44) 82 (SD 32.9) 0.3 0.3
Mental health 78 (SD 18) 69 (SD 24) 77 (SD 17.4) 0.8 0.2
Physical component score 46 (SD 12) 38 (SD 12) 50 (SD 10.0) 0.04* <0.01*
Mental component score 49 (SD 11) 48 (SD 13) 50 (SD 10.0) 0.6 0.5
Treated chronic low back pain [25]
RMDQ° 5.1 (SD 5.7) 10.9 (SD 5.3) <0.001*

EQS5D dichotomized scores: 1 (no problems), 2-5 (problems). EQ-5D VAS; current health 1-100 (100 maximum health). EQ-5D index value; O
(death), 1 (full health). SF-36 domains 1-100 (100 maximum health). Aggregated physical and mental component scores; standardized scores
weighted for the Dutch population with mean 50 (SD 10). RMDQ; 0-24 (24 maximum back pain related disability)

* Denotes a significant difference (P < 0.05) compared to, respectively, the Dutch population or low back pain group

T X2 test

° One-sample 7 test

had increased symptoms after removal, irrespective of
asymptomatic or symptomatic. We think that the small
chance of 8% surgical complications and 11% chance of
increase of symptoms should, therefore, be weighted in
individual patients, especially in patients without symp-
toms prior to removal. In people with implant-specific
symptoms and pain prior to removal, implant removal
seems to be indicated while it decreased these symptoms in
the majority of patients. The benefits of removal in
symptomatic patients seem to outweigh the low risk of
surgical complications and increase after removal.

Kyphosis and correlations

We found a significant increase in kyphosis after implant
removal and over time a small but significant correction
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loss, which was irrespective of fixation type. Only the
combined procedure is able to maintain some kyphosis
correction from injury to final follow-up, even after pos-
terior implant removal. This is probably due to the fusion
performed during anterior stabilization, while no fusion
was performed during solely posterior stabilization. Pre-
vious studies reported conflicting outcomes after posterior
implant removal, ranging from no [17, 18] to significant
loss of correction [6, 31]. Different studies are hard to
compare while different follow-up times and surgical
techniques are used. More importantly, clinical outcome
does not seem to be correlated with loss of correction. We
found no significant correlation between Cobb angle
increase and outcome scores, which is in correspondence
with previous literature [4, 27, 32, 33]. The three to five
degree correction loss was statistically significant but does
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Fig. 2 Stratified SF-36 scores compared to the Dutch population. Asterisk denotes a significant difference compared to the Dutch population

(P < 0.05)

not seem clinically relevant. Loss of correction is, there-
fore, not a valid argument against implant removal. Some
authors argue that implant removal within 10 months
provides a better range of motion [2, 4], and therefore,
possibly better functional outcome. However, in our study
we did not find a correlation between outcome scores and
time to implant removal.

Minimally invasive techniques

Although no patients in this study were treated with per-
cutaneous techniques, this approach is increasingly applied
for posterior instrumentation [7, 8]. Also minimally inva-
sive balloon or stenting kyphoplasty is suggested as an
alternative for anterior stabilization [7]. While the medium-
term results in a selected group seems satisfying [7], it

remains unclear whether this construct provides stability
comparable to a titanium cage with additional lateral
plating, especially in fractures with a LSC > 7. An inter-
esting scope for future research would be the removal of
percutaneously inserted posterior implants. The technique
is promising in terms of blood loss and operation time [8],
but there are currently no studies specifically on removal
after percutaneous fixation. In patients that underwent
additional balloon kyphoplasty [7], the question is whether
the injected cement still provides enough support to the
anterior column after posterior implant removal.

Limitations

A limitation to our study is the retrospective nature. We did
not have quality of life and back specific function measures

@ Springer
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“ Symptomatic
i Asymptomatic

100% 1

80%

60%

40%

20%

0% T E—
Would undergo

again

Satisfied

Benefit

Fig. 3 Satisfaction and benefit of implant removal for asymptomatic
and symptomatic group (with 95% CI’s). Ratios of patients that
answered yes (from yes, no or don’t know) on questionnaire

prior to implant removal. Therefore, we cannot draw val-
idated conclusions concerning in- or decrease in quality of
life and back specific function after implant removal.
Moreover, we did not have a control-group with patients in
whom implants were not removed, so conclusions about
long-term outcomes with and without removal cannot be
drawn. Although many implants were routinely removed in
asymptomatic patients, still a selection bias may have
occurred concerning the decision for implant removal. In
addition, it is possible that some patients who underwent
implant removal were not retrieved, and therefore, not
included in this study. Our response rate of 60% was rel-
atively high for questionnaires concerning quality of life
outcomes [34], but very unsatisfied or very satisfied
patients could have been more prone to return the ques-
tionnaires. Possible explanations for the non-responders
could be outdated contact data after a long period of fol-
low-up (mean >6 years) and a psychiatric history (with a
jump from height) which might make patients less likely to
respond to the questionnaires. Although hospital charts,
hospital information system and trauma registry were all
thoroughly investigated, some data were missing. Radio-
graphic follow-up was done following local protocols in

Fig. 4 Evolution of symptoms
after removal for

a asymptomatic group (n = 21)
and b symptomatic group

(n = 50)
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Table 5 Cobb angles at different times for respective surgery types

Group n CA at injury CA at removal

P 50 6.7 (SD 10) 8.0 (SD 10) P =029
AP 33 15.6 (SD 11) 11.3 (SD 14) P = 0.02*
Group n CA at removal CA at FFU

P 22 7.5 (SD9) 12.4 (SD 9) P < 0.001%*
AP 25 9.9 (SD 12) 13.4 (SD 14) P <0.01*

P solely posterior stabilization, AP antero-posterior stabilization, CA
cobb angle, FFU final follow-up

* Denotes a significant difference (paired samples ¢ test)

. angle at injury
60 [ Cobb angle at inj
= Cobb angle at implant
removal
[ Cobb angle at final follow up
T
P 40
0
o
g
=
w20
2
: I
o
T
S
2
= 04
2
(2]
c
©
g 1
o
0 .20 8
o 20 8 o
o
-40
T T
posterior antero-posterior

Fig. 5 Cobb angles at different times for solely posterior and antero-
posterior instrumentation

supine position so that kyphosis angles are probably
slightly underestimated. Cobb-angles were generally mea-
sured on sagittal CT at injury and on plain radiograph at
follow-up which could have caused some inaccuracy.
Change in cobb-angle though is probably fairly accurate,
but might not be sufficient to translate to kyphosis in
standing position.

“ Increase

No change

:: Decrease
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Conclusion

Good quality of life and patient satisfaction are reported
after posterior implant removal. Patients have little residual
low back pain related disability and the surgical compli-
cation rate after removal is low. In most symptomatic
patients, implant removal directly decreases symptoms.
Most patients that are asymptomatic prior to removal also
experience benefit from the removal. On the other hand, a
small amount of patients experience an increase of symp-
toms after removal. Risks of surgical complications and
increase of symptoms should be weighted for every patient.
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