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Abstract

Purpose Neurological deficits developing years after pedicle screw misplacement is a rare phenomenon. Here, we report
level IV evidence of a previously asymptomatic medial thoracic pedicle screw resulting in paraparesis after a motor vehicle
accident.

Methods A 21-year-old male presented with acute onset of paraparesis following a motor vehicle collision. Six years prior
this incident, the patient underwent a thoracolumbar fusion T4-L4 for AIS performed by an outside orthopedic surgeon. CT
scan and CT myelogram illustrated decreased spinal canal diameter and cord compression from a medial T8 pedicle screw.
Results Surgical removal of the misplaced pedicle screw resulted in a gradual complete recovery sustained over a period of
2 years. This case is compared to those reported in the literature review between 1981 and 2019 concerning delayed neuro-
logical deterioration related to misplaced pedicle screw.

Conclusion This case reports a delayed neurological deficit implicating a misplaced pedicle screw. This phenomenon remains
rare since 5 cases were reported in the literature over the last 4 decades. It calls into focus the need for confirmation of
safe instrumentation during the intraoperative period. It also illustrates the potential difficult decision-making in regard to

asymptomatic misplaced instrumentation.
Level of evidence IV

Keywords Delayed neurological deficit - Motor vehicle collision [MVC] - Pedicle screw misplacement - Spine safety -

Spine trauma

Introduction

Pedicle screw fixation has revolutionized the spine deformity
surgery and is now considered a standard of care for deform-
ity correction. The technique of internal fixation with screws
was first described by King [1948] and Boucher [1959] [1,
2]. Pedicle screw usage in thoracic spine was ushered by
Suk, Lenke and Kim et al. [3, 4] in the contemporary era.
Pedicle screws have allowed for superior coronal curve cor-
rection with lower pseudoarthrosis and implant failure rates
as compared to other constructs such as hooks or wires. This
is because of the 3-column fixation, greater spine derotation
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and robust technological development. A potential compli-
cation with this technique is the misplacement of the pedi-
cle screw. Screw misplacement has an overall incidence of
0-42% despite technical advances [5]. In comparison, the
rate of new neurological deficits in spinal deformity sur-
gery ranges from 0.1- 3% [6]. The cause underlying these
deficits include nerve root or spinal cord involvement and
result from mechanisms like screw placement, direct trauma,
bony or soft tissue compression during the deformity cor-
rection, and vascular ischemia. Risk factors for neurological
injuries in scoliosis include congenital and neuromuscular
scoliosis, hyper-kyphosis >40°, Cobb’s angle > 90°, intraop-
erative osteotomies, increased BMI, blood loss and opera-
tive time. Neurologic deficits can occur intraoperatively
or occur several hours or days after surgery [7]. Various
adjunct technologies have been suggested [CT navigation,
multimodal neuromonitoring, or robotics] to improve the
accuracy of screw placement and detect complications at an
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early correctable stage. Another area of uncertainty is the
return to activity time after a spine deformity surgery, espe-
cially in the presence of pedicle instrumentation. Among
multiple recommendations, the recent AO spine guidelines
give a good perspective [8].

In contrast, very late neurological deficits, without instru-
mentation failure, which occur months to years after spine
deformity surgery are only sporadically reported in the lit-
erature. Here we present a case of delayed neurological defi-
cit that occurred 6 years after a surgical correction of a 49°
main thoracic curve. A now 21-year-old male presented with
paraparesis following a motor vehicle high-speed collision.
This case report is discussed and compared to the very few
similar cases previously reported in the literature.

Materials and methods

This is an IRB-approved, retrospective review of this
patients’ charts, radiographs, and postoperative CT scans,
who underwent posterior spinal fusion (PSF) revision with
removal of pedicle screws in January 2021. Patient demo-
graphics such as sex, height and age were obtained from
the charts. Cobb angle, kyphosis angles and fixation points
from X-rays. Postoperative CT scan, radiographs and CT
myelogram were analyzed by a radiologist to determine
screw placements, compression of cord and percentage of
spinal canal encroachment at the index level.

We conducted a literature review in the PubMed/MED-
LINE search engine, in addition to Medical Subject Head-
ings (MeSH) terms. “Scoliosis”, “AIS”, “Neurological dete-
rioration”, “Delayed deficit”, “Late deterioration”, “Medial
screw misplacement/malposition”, “Thoracic pedicle” were
the MeSH terms used. Our review considered the first report
published to the last report published (1981-2019). The
language of publication was limited to English. We chose
to include cases which developed neurological deficits and
deteriorated at least 3 months after the first surgery; thus,
completely excluding the immediate and early post-operative
causes. Finally, 22 case reports were selected (Table 1).

Case report

In 2015, a then 15-year-old patient presented to an outside
orthopedic surgeon with adolescent idiopathic scoliosis.
Radiology indicated a 49° main thoracic structural curve
over a 45° lumbar curve. Patient underwent unevent-
ful T4-L4 posterior spinal instrumentation and fusion;
bilateral facetectomies were done at multiple thoracic
levels and derotation maneuver was performed under
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fluoroscopic guidance (Figs. 1, 2). Post operatively the
patient had no deficits and was discharged with an uncom-
plicated course. Neuromonitoring and intra-op CT was not
done due to lack of availability and no follow-up CT scan
was performed. The patient did well in immediate and
long-term follow-up. Patient proceeded to work in a light
manual labor job at a retail store.

Six years after surgery he presented to the emergency
room in 2021 after sustaining a motor vehicle collision as
a restrained passenger. He reported new onset of severe
non-radiating back pain and bilateral lower extremity
weakness immediately thereafter along with numbness
and tingling in both lower limbs below the knee (L > R).
There was no bladder and bowel incontinence, and his
anal tone was normal. Motor power examination revealed
a muscle power of left lower extremity 3/5 (all muscle
groups), RLE 4 +/5 (all muscle groups) with normal upper
limbs power of 5/5 after some initial BUE weakness. No
Hoffmans or clonus was noted and his DTRs were 2 +.
Sensory examination was intact. His MAP was increased
to over 85 subsequently. CT brain, CT abdomen and other
full trauma work up were negative. MRI of the cervical
and lumbar spine were normal. MRI evaluation of the tho-
racic spine was limited in view of susceptibility artefact
of T4-L4 Implants. There was no obvious posterior ele-
ment disruption or hyperintensity. Patient then underwent
a CT Thoracic spine with myelogram which revealed left
T8 pedicle screw passing through the left lateral spinal
canal and abutting the thecal sac/spinal cord with block
of contrast material at that level (Figs. 3, 4). There was no
evidence of pseudoarthrosis, spinal extradural hemorrhage
or pedicle fracture.

Patient then underwent T8 Left screw removal with
T8 laminectomy and transpedicular decompression and
pediculectomy from the left at T8 under neuromonitor-
ing. A third rod was used to connect with an open type
of lateral connector from T6 to T9 (Fig. 5). No CSF leak
or EDH was seen, and the dura started pulsating after the
T8 screw removal. There were no meaningful changes in
neuromonitoring data either in SSEP or TcMEP during
pre-positioning evaluation, post-positioning, or at the end
of the case. There was side symmetry. He made signifi-
cant improvement at the time of his discharge on POD3
with the left lower limb power improving to 4/5. Despite
irregular interim follow-ups, the patient demonstrated a
complete recovery of strength to 5/5 in both lower limbs
and resolution of numbness and tingling after 2 years.
However, some residual multifactorial pain remains. At
the time of follow-up, his SRS-22 sub scores did remain
low and he integrated with pain management status post-
trauma; function—2.6/5, pain—2.2/5, self-image—3.0/5,
mental health—2.0/5, and satisfaction/dissatisfaction with
management—3.0/5.
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Fig. 1 PA Fluorographic image taken intraoperatively (during the first
surgery) showing the left T8 screw which is non-harmonious with the
screws above and below

Fig.2 A Axial CT without con-
trast showing the left T8 screw
breach into the spinal canal.

B Axial CT myelogram at the
level of T8 showing compres-
sion of thecal sac and cord by
the medially misplaced screw

Discussion
Case-specific considerations

Here we present a case of a delayed neurological deficit;
(6 years) after the first AIS deformity surgery (T4-L4 PSF)
under fluoroscopy guidance without neuro-navigation
or neuromonitoring. The cause was determined to be the
medially misplaced T8 pedicle screw which had been pre-
viously asymptomatic. The misplaced T8 left screw was
present at the time of surgery itself as the intraoperative
(first surgery) X-rays show the loss of harmonious progres-
sion of the screws above and below (Fig. 1). The patient
had no motor or sensory deficit up until the trauma. After
the trauma, CT did not reveal any pedicle fracture and the
standing X-rays (compared to first post op) did not reveal
any deformity progression, pull-out, or pseudoarthrosis. CT
myelogram demonstrated that the screw was approximately
6.8 mm into the left canal and occupying 40% percent of the
cross section of the canal at that level which suggests that
the screw was intracanalicular [9]. The shape of the cord at
the level of the screw compression was oblong in the CT
myelogram as compared to the normal oval shape above
and below, which indicates at-risk compression of the cord
(Fig. 3B) [10, 11]. Intraoperatively there was no CSF leak,
dural tear, extradural or intradural hemorrhage, infection or
metallosis. Through retrospective subtraction of possibili-
ties, it can be deduced that there was an unrecognized medial
breach of the screw into the canal at the time of first sur-
gery. This misplaced screw caused an at-risk stenosis of the
spinal canal, which presented as a transient cord compres-
sion or potential contusion [10]. A normal neuromonitoring
intraoperatively with an other functional neurological status
ruled out a chronic compressive etiology. This, according
to the authors’ knowledge is the first case report discussing
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Fig.3 AP Fluorograph showing the post-operative correction after
the first surgery

Fig.4 Fluorography with myelogram showing the left dura being
impacted by the screw

@ Springer

the delayed symptomatic manifestation of an asymptomatic
screw with motor vehicle collision as an inciting event.

Very few case reports in the literature have recognized
this clinical problem of very late neurological sequelae
developing months to years after a spinal deformity sur-
gery. We have tabulated the list of all such case reports and
classified the cause in each case. We chose to include cases
which deteriorated at least 3 months after the first surgery
thus completely excluding the immediate postop and early
post op causes. 22 case reports describing 35 cases (1981
—2019) were identified. There were 21 female cases and
13 male cases. In 1 case age/sex details were untraced. The
shortest time to presentation of symptoms was 3 months
and the longest was 25 years. The youngest case was aged
6 years and the oldest was aged 60 years at the time of pres-
entation. The presentation was paraparesis in 14 cases (40%)
with majority having spastic paraparesis 9 (25.7%), radicu-
lopathy 11 (31.4%) cases, sensory ataxia in 4 cases (11.4%),
bladder involvement in 3 (8.6%) monoparesis 2 (5.7%) cases,
paraplegia (5.7%) in 2 cases, 1 (2.8%) cauda equina, Brown
Sequard syndrome and conus medullaris syndrome. Hooks
caused compression in 16 (45.7%) cases and were associ-
ated with sensory ataxia probably due to burrowing effect
on the dura. Other causes of compression included bone
hypertrophy in 5 cases (14.2%), rod in 5 cases (14.3%),
leiomyosarcoma in 1 case and degenerative cyst in 1 case.
Pseudoarthrosis was contributory in 7 (20%) cases and wire
breakage and infection were associated in 2 (5.7%) cases
each. CSF leak in 3 cases (8.6%), chronic dural tear in 2
cases (5.7%), metallosis 6 cases (17.1%) were also observed
intraoperatively.

In 5 cases (14.3%) the screws caused compression and
neurodeficit, but in none of these cases, a high-speed MVC
trauma preceded the neurological decline. 25 cases achieved
complete recovery post removal of the offending hardware
(71.4%), 5 patients had partial recovery (14.3%), one patient
died of tumor recurrence. Growth and deformity progres-
sion may lead to implant migration and the spine “growing”
around the implants and neurological compromise as seen in
the case of Fernandes et al.

Specific challenges in a concavity-based pedicle
screw

The incidence of pedicle screw misplacement among tho-
racic pedicles in spinal deformities ranges from 3 to 25%,
with screw-related neurological complications in 0-0.9%
[4]. The frequency of medial perforation of screws placed
in thoracic pedicles is relatively higher (1.7-26%) and
especially occurs at T3-T8 levels [12]. Thoracic concav-
ity-based pedicle screws are potentially more at risk due
to the small pedicle diameter and less space between the
cord and medial pedicle (1 mm on concave side). In severe
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Fig.5 PA and lateral fluoro-
graph showing post-operative
correction, at 2 years follow-up
showing the T6-T9 fixation.
The T7 screw was removed for
operative convenience

deformities, the concave side pedicles are thinner, more
sclerotic, and dysplastic with the cord in direct contact
with the medial wall of the pedicle. [13]. In other pres-
entations, thoracic medial perforations are tolerable up
to 4 mm (2 mm in the epidural space and 2 mm in the
subarachnoid space) [14]. Kim et al. defined the safe zone
of medial perforation in scoliotic patient as a ‘‘definite’’
safe zone (2 mm), a ‘‘probable’’ safe zone (2-4 mm), and
a ‘‘questionable’’ safe zone (4—8 mm) [4].The spinal cord
is tethered in large stiff curves on the concave side, even
during correction and a slightly misplaced screw may have
a significant consequence in large and stiff curves. These
literature findings suggest that there is minimal safety zone
on the concave side. Conversely the plasticity of the imma-
ture cortical bone in young patients can be protective and
allows significant deformation up to 200% of the pedicle
wall [15, 16]. This may also have the potential to be space
limiting. Indeed, in our patient, this was a concavity-based
SCrew.

Prophylactic considerations

Verifying placement accuracy

Various means to identify screw misplacement have been
described in the literature. Radiological parameters sug-
gested by Kim and Lenke et al. [4] to detect medial and lat-
eral breach are: (1) Violation of the harmonious segmental
change of the tips of screws with reference to the vertebral
rotation using the posterior upper spinolaminar junction
(medial or lateral out) (2) No crossing of the medial pedi-
cle wall by the tip of the pedicle screw inserted with ref-
erence to the vertebral rotation using the posterior upper
spinolaminar junction (lateral out); and (3) Violation of
the imaginary midline of the vertebral body using the pos-
terior upper spinolaminar junction by the position of the
tip of the inserted pedicle screw (medial out).
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This can also be evaluated with intra-operative or even
immediately post-operative CT to illustrate the safe location.
The most commonly used postoperative imaging technique
is CT scan [17]. Low-radiation dose CBCT is an alternative
with 20 times less radiation [18]. Any new onset of neuro-
logical symptoms should prompt the surgeon to thoroughly
investigate the cause, with CT at the earliest. Another more
esoteric method involves fluoroscopic contrast dye injection
in the pedicle tract before screw placement and visualizing
the leak [19].

Neuromonitoring is critical. Intraoperatively a breach
can be evident by the changes in neuromonitoring. tEMG
[threshold 10—12 mA, pulse duration 300 psec] of pedicle
screw works best for detecting medial and foraminal screw
misplacement [20]. Also a disconcordance in relative num-
ber can also be used. It is important that all this information
be integrated along with intra-operative imaging. Enabling
technology may also have a role in certain settings.

Medially misplaced screws whether to remove
or not?

The decision-making for an asymptomatic screw removal
is formidable after surgery. Therefore, as stated above, it
is important to recognize this during the intra-operative
period. Pedicle screw misplaced medially greater than 2 mm,
especially 4 mm (scoliosis patients) should have a potential
low threshold for removal in the early phase, even with-
out neurological symptoms [12, 21]. Logically the clinical
manifestation of a breach and its risk should determine its
treatment more than the degree of breach. The reported rate
of unplanned return to the operating room for a misplaced
screw is 0.17-4.3% [22-25] and redirection may compro-
mise biomechanical integrity, with a 28% loss of pull-out
strength [24]. Each surgeon must make the decision to
remove instrumentation on a case-by-case basis weighing
the patient specific risk and benefits.

Our patient underwent surgery for AIS and it is unknown
to us if he ever had any objective symptoms prior to our
trauma. He returned to what he describes as normal activity.
Minimal evidence or guidelines exist on the recommended
timeline to return to full range of motion after adult spinal
deformity surgery. Integrity of instrumentation is an impor-
tant part of that calculus. Theologis et al. [8] formulated a
perioperative spine survey by a study group within AO spine
(high-volume spine surgeons); which recommended return
to unrestricted range of motion within 3 months of ASD
surgery, to non-contact sports within 4 months and waiting
at least 4 months after surgery to return to contact sports.
Some of the limitations of this study were, low response rate
of the (~5%), which may have introduced selection bias.
Also, the study did not provide more detailed information on
patient factors (i.e., age, DEXA scores, fitness levels, frailty,
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psychiatric profiles) and specific surgical details (i.e., exact
levels of fusion, instrumentation/rod materials, interbody
support, cement augmentation, alignment) and a lack of a
clear distinction between contact sports vs collision sports.

Barile et al. [26] recommended that AIS patients can
safely return to sports between 6 and 18 months after sur-
gery; even to extreme sports; although (long fusions and
distal fusions), the loss of mobility could make it difficult for
them to attain preoperative level of competence. Hence, the
decision regarding return to activity after spine deformity
surgery should be surgeon specific and based on his experi-
ence and intraoperative findings.

Limitations

This case report and data inherently entail highly individu-
alized outcome predictability. A limitation arises from the
lack of access to full preoperative imaging due to surgery
conducted outside our institution, which limits the complete-
ness of the clinical narrative. While intraoperative images
from the initial surgery depict a loss of harmonious screw
progression, our use of SRS-22 scores for patient-reported
outcomes is constrained by the absence of baseline calcu-
lations. Additionally, the patient's initial presentation was
due to a motor vehicle collision rather than specifically for
scoliosis, which adds complexity to the interpretation of the
outcomes.

Conclusion

A rare case of a delayed neurological deficit following spine
deformity correction in a young boy presented with para-
paresis after 6 years, following motor vehicle high-speed
collision. Medial pedicle screw misplacement has a variable,
but low incidence and the complications can be clinically
significant. What can be controlled is the accurate screw
placement and detection of the misplacement using various
adjuncts. An asymptomatic misplacement needs to be eval-
uated on a case-by-case basis relying on clinical features,
location, and degree of breach [27]. The return to activity
decision should be patient and surgeon specific and expert
recommendations may be tailored with regional practice
patterns.
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