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Abstract

Background: Surgical outcomes of upper lumbar disc herniations (ULDHs) including T12-L1, L1-L2, and L2-L3 levels
are characteristically less favorable and more unpredictable.

Objectives: This study was conducted to compare the surgical outcomes of decompression alone versus
decompression combined with transpedicular screw fixation in treating upper lumbar disc herniation.

Methods: This retrospective cohort study was carried out at Neurosurgery Departments, Tanta University. The study
included 46 patients with a symptomatic high lumbar herniated disc at T12-L1, L1-L2, and L2-L3 levels. The enrolled
patients were divided into two groups depending on whether they were operated on via decompression and
partial medial facetectomy (group 1, 22 patients) or via the previous maneuver plus transpedicular screw fixation
(group 2, 24 patients). All patients were medically evaluated immediately after the operation; then, they were
followed up at the 3rd and the 6th months following surgery. Patients’ outcomes were assessed by visual analogue
score (VAS) and Oswestry Disability Index (ODI) scores.

Results: Median VAS scores in each group revealed significant reduction immediately following surgery and at
each of 7 days, 3 months, and 6 months in comparison with the preoperative VAS score (p<0.001). Furthermore,
each group showed significant stepwise reduction in the median ODI score at the 3rd and the 6th months
postoperative compared to the preoperative ODI score (group 1 = 68.0, 19.0, 15.0; p< 0.001 and group 2 = 66.5,
20.0, 15.0; p< 0.001), with no significant differences between both groups (p> 0.05).

Conclusions: Both standalone decompression and decompression combined with transpedicular screw fixation
revealed comparable favorable outcomes in patients with ULDH.

Keywords: Upper lumbar disc herniation, Laminectomy, Discectomy, Screw fixation, Visual analogue score,
Oswestry Disability Index
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Introduction
Lumbar disc herniation (LDH) is widely known as bulging
of the disc material beyond the limit of the intervertebral
disc space. It occurs due to degeneration of the interverte-
bral disc with subsequent prolapse of the nucleus pulpo-
sus throughout a defect in the annulus fibrosus [1].
Anatomical classifications of the lumbar disc herniations

are either upper or lower ones. The upper herniations are
defined as either L1-L2 and L2-L3 only or expanded to in-
clude T12-L1, L1-L2, and L2-L3 levels as well [2].
The L1-L2 and L2-L3 levels are less common in com-

parison to lower lumbar disc herniations. Their inci-
dence has been reported to be 1–2% of all herniated
lumbar discs [3].
There are some unique anatomical characteristics of the

upper lumbar disc herniations in comparison to the lower
ones. These include narrower spinal canal diameter,
shorter lengths of the lamina, and the orientation of facets
that is much more parallel to the midsagittal plane [4].
Compromization of multiple nerve roots or even the

conus medullaris may be encountered. Therefore, pa-
tients develop ill-defined polyradiculopathies with non-
specific neurological presentations. Localized pain and
sensory deficits are rarely determined in these cases [5].
Conventional open surgery is considered the gold

standard management of upper lumbar disc herniations
following conservative treatment failure to alleviate the
neurological manifestations [6]. In conventional surgery,
extensive resection of the lamina and/or facet joints is
performed. The aim is to make a careful and safe access
toward the protruded disc and avoid vigorous manipula-
tion over the dura. However, this may result in iatro-
genic instability and postoperative back pain [7].
Alternatively, transpedicular fixation has been used by
spine surgeons to avoid postoperative instability and
guard against the recurrence of the disc herniation [8].
Surgical outcomes of the upper lumbar disc hernia-

tions are characteristically less favorable and more un-
predictable due to the unique anatomy of this part of
the spine [9, 10].
Actually, adequate selection of surgical methods in

consideration of herniated disc nature such as
consistency, direction, and size is necessary to improve
surgical outcomes [11].
Considering the unique anatomical and clinical char-

acteristics of upper lumbar disc herniation (ULDH),
there is still controversy in the selection of their surgical
approach [3]. To our knowledge, there are few reports of
comparative studies concerning decompression alone
versus fusion surgery for upper lumbar disc herniation.
Therefore, the objective of this study was to compare
the surgical outcomes of decompression alone versus
combined decompression and transpedicular screw fix-
ation in treating upper lumbar disc herniation.

Methods
Design, setting, and eligibility criteria
This retrospective cohort study was carried out at the
Neurosurgery Departments, Tanta University, during the
period between March 2018 and September 2019. The
study included 46 patients with a symptomatic high
lumbar herniated disc at T12-L1, L1-L2, and L2-L3
levels. Patients with previous spine surgeries, those with
associated lower level LDH, and those with discitis and
tumors and psychiatric patients were excluded from this
study.
Diagnosis was established by clinical manifestations in-

cluding low back, radicular pain, motor and/or sensory
deficit, reflex changes, sphincter dysfunction, and myel-
opathy signs. In addition, radiographic evaluation by
plain X-ray lumbosacral spine dynamic (flexion–exten-
sion positions) and antero-posterior films for all patients
was performed to evaluate the dynamic motion charac-
teristics for both upper as well as lower lumbar. For all
the patients with any grad of lithesis, pars fractures, or
facet joint either osteo-arthropathy or asymmetry, fusion
will be considered. Moreover, magnetic resonance im-
aging (MRI) was performed where disc consistency and
direction of herniation were reported (Figs. 1 and 3a, b).
Magnetic resonance imaging is the gold standard radio-
logical investigation in the diagnosis of ULDH and can
exclude any other pathology. However, radiologic find-
ings alone cannot predict the neurological status of the
patient. Hence, decision should be based on clinical find-
ings matched with MRI findings as well [4].

Surgical maneuvers and patients’ groups
Following approval from the local ethical committee and
Tanta University institutional review board (TuIRB), in-
formed written consent fulfilling the criteria set by the
local research ethical committee had to be obtained be-
fore surgery. All patients had failed conservative treat-
ment and, subsequently, surgery was indicated. The
enrolled patients were divided into two groups depend-
ing on whether they were operated on via standard
laminectomy (Fig. 2a), hemi-laminectomy (Fig. 3c, d),
fenestration, and partial medial facetectomy to get access
to the targeted disc with minimal medial traction upon
the corresponding root (group 1, 22 patients) or via the
previous maneuver plus transpedicular screw fixation
(Fig. 2c, d) (group 2, 24 patients). The operation per-
formed was the standard spinal surgery under general
anesthesia, in the prone position. The accurate level of
the herniated disc was checked by intraoperative fluoros-
copy (Fig. 2b, c).

Data collection
Preoperative data collection included age, sex, and evalu-
ation of the muscle power status, presence of sphincteric
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disturbance, visual analogue score (VAS) for pain assess-
ment, and Oswestry Disability Index (ODI) as a func-
tional outcome score.
All patients were medically evaluated immediately

after the operation; then, they were followed up through
a postoperative visit to the outpatient clinic at the 3rd
and the 6th months following surgery. Postoperative
data included both clinical evaluation and radiographic
imaging. Patients’ outcomes were assessed by VAS and
ODI scores. Regarding VAS, it was recorded immedi-
ately postoperative, at 7 days, and at 3rd and 6th months
after the operation, whereas the ODI score was calcu-
lated at the 3rd and 6th months. Additionally, postoper-
ative sphincteric condition and improvement of the
motor power, amount of blood loss, and operative time
were recorded.
ODI is one of the principal condition-specific out-

come measures used in the management of spinal dis-
orders. ODI contains 10 questions on the limitation
of activities of daily living. Each variable is rated on a
0–5-point scale, summarized and converted into a
percentage score, ranging from 0 to 100 (0 = no dis-
ability) [12].

Statistics
Statistical analysis and presentation of data was conducted
using Statistical Package for the Social Sciences (SPSS)
version 22 computer program. Categorical data were pre-
sented as numbers and percentages. Chi-square and/or
Fisher’s exact tests as appropriate were applied to investi-
gate the association between categorical variables. For
continuous data, they were tested for normality by the
Shapiro–Wilk test. For normally distributed data, they
were expressed as mean ± standard deviation and an inde-
pendent T test was used for comparison between the stud-
ied groups. For non-normally distributed continuous data,
they were expressed as median and interquartile range
(25th–75th percentiles) and the Mann–Whitney U test
was used for comparison between the studied groups. For
comparison of VAS and ODI scores at different times of
follow-up, the Friedman test, followed by the Wilcoxon-
signed rank test, was applied. The level of statistical sig-
nificance was considered at p <0.05.

Results
The present study included 46 patients (25 males and 21
females) with a mean age of 40.1±10.0 years. There were

Fig. 1 Preoperative MRI of the lumbosacral spine. a Preoperative T2-weighted Sagittal image of a 42-year-old male presented with bilateral
femoralgia and motor deficit for 3 months. b MR of axial image showed L1-L2 sizable herniated disc compromising the conus medullaris
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Fig. 3 Preoperative MRI lumbosacral spine of a 67-year-old female presented with right severe femoralgia and motor and visceral deficits for 5
months. a, b Preoperative T2-weighted MR images L1-L2 sizable herniated disc compromising the right root exit foramen. c, d Postoperative
sagittal (c) and axial cuts (d) showing hemi-laminectomy with preservation of the corresponding facet joint and surgical bed with extirpated disc

Fig. 2 Intraoperative of the same patient (a) showing the extent of the laminectomy and final transpedicular screw fixation. Intraoperative
fluoroscopic images b lateral view and c AP view showing the accurate placement of the L1-L2 of the pedicle screw fixation
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ten (21.7%) patients with T12-L1 level, 16 (34.8%) L1-L2
levels, and 20 (43.5%) L2-L3 level with no significant dif-
ferences between the studied groups (p>0.05). Further-
more, the frequency of preoperative muscle weakness
and sphincteric disturbance was homogenous in both
groups with no significant differences (p> 0.05) as illus-
trated in Table 1.

Table 2 shows the comparison of VAS scores in the
studied groups. In both groups, the median VAS scores
showed improvement postoperatively till the 7th day
after the operation. Thereafter, the median VAS score
showed an increase at the 3rd and the 6th months after
the operation with no significant differences between
both groups at all the studied times of follow-up (p>

Table 1 Patient demographics and baseline characteristics

Groups p
valueGroup 1

N=22
Group 2
N=24

Total
N=46

N % N % N %

Age (years) Mean ± SD 41.2±10.5 39.1±9.7 40.1±10.0 0.493

Sex Female 10 45.5 11 45.8 21 45.7 0.979

Male 12 54.5 13 54.2 25 54.3

Level T12-L1 5 22.7 5 20.8 10 21.7 0.922

L1-L2 7 31.8 9 37.5 16 34.8

L2-L3 10 45.5 10 41.7 20 43.5

Preoperative muscle weakness Absent 14 63.6 17 70.8 31 67.4 0.603

Present 8 36.4 7 29.2 15 32.6

Preoperative sphincteric disturbance No 16 72.7 16 66.7 32 69.6 0.655

Yes 6 27.3 8 33.3 14 30.4

Table 2 Comparison of preoperative and postoperative VAS scores in the studied groups

Groups Mann–Whitney U test

Group 1
N=22

Group 2
N=24

p value

VAS score

Preoperative Median 8.0 7.0 0.155

IQR 7.0–9.0 7.0–8.0

Mean rank 26.32 20.92

Immediately postoperative Median 2.0 2.0 0.727

IQR 2.0–3.0 2.0–3.0

Mean rank 24.14 22.92

7 days after the operation Median 2.0 2.0 0.231

IQR 2.0–2.0 2.0–2.5

Mean rank 21.45 25.38

3 months after the operation Median 3.0 3.0 0.880

IQR 2.0–3.0 2.0–3.0

Mean rank 23.77 23.25

6 months after the operation Median 3.0 2.0 0.474

IQR 2.0-3.0 2.0-3.0

Mean rank 24.80 22.31

Friedman test** <0.001* <0.001*

*Significant at p<0.05
**Pairwise comparison of VAS score (Wilcoxon-signed rank) in group 1 revealed significant differences between all-time points (p<0.05) except immediately
postoperative VAS vs 6 months after the operation (p=0.132) and 3 months vs 6 months after the operation (p= 0.564), whereas in group 2, there were significant
differences between preoperative VAS and each of immediately postoperative VAS, 7 days VAS, 3 months VAS, and 6 months VAS. Additionally, there was a
significant difference between 7 days VAS and 3 months VAS (p<0.05). Otherwise, no significant differences between other time points (p>0.05)
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0.05). Moreover, pairwise comparison of median VAS
scores in each group revealed a significant reduction im-
mediately after the operation and at each of 7 days, 3
months, and 6 months in comparison with the preopera-
tive VAS score (p< 0.001).
Concerning the ODI score, there were no significant

differences between both groups before the operation, at
the 3rd, or at the 6th months after the operation
(p>0.05). Furthermore, each group showed significant
stepwise reduction in the median ODI score at the 3rd
and the 6th months after the operation compared to the
preoperative ODI score (group 1 = 68.0, 19.0, 15.0; p<
0.001 and group 2 = 66.5, 20.0, 15.0; p< 0.001) as illus-
trated in Fig. 4.
There was complete improvement of the muscle

power in 75.0% and 71.4% of cases in groups 1 and 2 re-
spectively with no significant differences (p> 0.05). Like-
wise, partial improvement of sphincteric condition was
detected in 66.7% and 62.5% of patients with preopera-
tive disturbance respectively with no significant differ-
ence between the studied groups. Overall patient’s
satisfaction was 90.9% in group 1 and 87.5% in group 2
with no significant differences (p> 0.05). Alternatively,
the mean amount of blood loss and the mean time of
operation was significantly lower in group 1 than in
group 2 (p< 0.001) as demonstrated in Table 3.

Tables 4 and 5 show a non-significant association be-
tween each of patient’s sex and level of the lumbar disc
and surgical outcomes represented by improvement of
muscle power, urinary bladder condition, and patient’s
satisfaction (p> 0.05).
Minimal non-serious complications were recorded in

group 2 in one patient who experienced surgical
hematoma at the site of surgery with mild paraparesis,
which improved following evacuation of hematoma. An-
other patient developed early postoperative CSF leak
after intraoperative unintended durotomy which stopped
and resolved during regular dressing.

Discussion
This study demonstrated significant improvement in
postoperative VAS and ODI scores compared to pre-
operative scores in patients who underwent either de-
compression alone or further pedicle screw fixation,
with no significant difference between both groups. Fur-
thermore, improvement in muscle power, urinary dys-
function, and patient’s satisfaction were comparable in
both groups.
The mean age of the studied patients at the time of

surgery was 40.1 ± 10.0 years. It was previously reported
that upper lumbar disc herniations are characterized by

Fig. 4 Comparison of preoperative and postoperative ODI scores in the studied groups
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being more prevalent among older patients compared to
the lower lumbar disc levels [11, 13].
The upper lumbar disc herniations in this work were

distributed as ten (21.7%) patients with T12-L1 level, 16
(34.8%) at L1-L2 level, and 20 (43.5%) at L2-L3 level.
Similarly, ElKatany et al. [11] reported higher L2-3 inci-
dence (60%) compared to lower (40%) incidence of L1-2
disc prolapse in their series of upper lumbar disc hernia-
tions. In order to reduce motion and stress at the upper
lumbar spine, the incidence of disc herniation is much
less lower compared to lower lumbar levels as reported
by Jha et al. [14].
The neurological manifestations of upper lumbar disc

herniations included ill-defined radiculopathies that

cannot be clearly categorized into typical muscle group
weakness, dermatomal sensory deficits, or reflex deficits.
These radiculopathies may be associated with a narrower
upper lumbar spinal canal compared to that of the lower
spinal canal. So, more than one root could be compro-
mised by a single disc herniation [5].
In this study, patients were presented with back and

lower limb pain, and the median preoperative VAS
scores were 8.0 and 7.0 in both groups respectively. This
coincides with Elqazaz [15] who reported that most pa-
tients with ULDH presented with back and buttock pain
in addition to leg pain distributions, with the mean
values of preoperative back pain by VAS were 7.7 ± 0.3.
However, it has been stated that localized pain of the

Table 3 Comparison between the studied groups as regards improvement of the motor power, postoperative sphincteric condition,
patients’ satisfaction, amount of blood loss, and operation time

Groups p
valueGroup 1

N=22
Group 2
N=24

Improvement of the motor power Complete improvement N 6 5 0.662

% 75.0 71.4

Little improvement N 2 2

% 25.0 28.6

Postoperative sphincteric condition Not improved N 2 3 0.657

% 33.3 37.5

Partial improvement N 4 5

% 66.7 62.5

Patient satisfaction No N 2 3 0.543

% 9.1 12.5

Yes N 20 21

% 90.9 87.5

Amount of blood loss (ml) Mean 205.9 283.3 <0.001*

SD 51.3 35.9

Operation time (minutes) Mean 104.1 141.5 <0.001*

SD 11.2 8.7

*Significant at p<0.05

Table 4 Association of sex and surgical outcome in the studied groups

Groups

Group 1 Group 2

Female Male Female Male

N % N % N % N % P1 value P 2 value

Improvement of sphincteric condition No 1 50.0 1 25.0 0 0.0 3 75.0 .540 .071

Partial 1 50.0 3 75.0 4 100.0 1 25.0

Motor power Improved 2 66.7 4 80.0 2 100.0 3 60.0 .673 .476

Little improved 1 33.3 1 20.0 0 0.0 2 40.0

Patient satisfaction No 1 10.0 1 8.3 0 0.0 3 23.1 .892 .141

Yes 9 90.0 11 91.7 11 100.0 10 76.9
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back and lower limbs is rarely demonstrated in ULDH,
and it usually precedes the development of myelopathy
[16]. Symptomatic herniations present as ill-defined
lumbar radiculopathy from both mechanical compres-
sion and chemical irritation of the nerve roots [17].
Moreover, it has been reported that pain and/or numb-
ness confined to the thigh area proximal to the knee
joint is a characteristic sign of L2 nerve root disturbance,
whereas pain distribution along the medial aspect of the
knee joint is highly suggestive of L3 nerve root compres-
sion [18].
In the current study, about one-third of the patients

showed muscle weakness and sphincteric disturbance.
Upper lumbar disc herniations are known to be associ-
ated with a higher risk of deferent degree of compres-
sion upon the conus medullaris leading sometimes to
cauda equina syndrome. Bladder dysfunction and mus-
cular weakness of the legs are among its manifestations
[19]. Our finding is in agreement with Toubar and El
Sawy [20] who reported cauda equina syndrome in 30%
of Egyptian patients with ULDH at their initial
presentation.
Diagnosis of ULDH in this study was based on clinical

manifestations followed by radiologic investigations in-
cluding MRI of the lumbar spine. One of the specific
clinical tests used in diagnosis was the positive femoral
stretch test. It is known as a relatively good diagnostic
method in about 84 to 94% of ULDH. The stretching of
the femoral nerve triggers pain because L2, L3, or L4
spinal nerve roots consider the main components of the
femoral nerve [21].
Surgical intervention for ULDH should be taken into

consideration in cases with refractory complaints [22].
On the other hand, surgical intervention is mandatory
and considered as an emergency in case of cauda equina
symptoms [23]. According to Satoskar et al. [24], the
upper lumbar spine has unique anatomic landmarks that
present surgical challenges. Furthermore, there are a var-
iety of techniques besides the conventional laminectomy
done for upper LDH [7]. Therefore, the choice of the

surgical approach is an important issue while managing
patients with upper lumbar herniations, because proper
preoperative surgical planning can play the most import-
ant role to get a favorable surgical outcome and avoid
complications [22].
Many factors play a role in determining the choice of

surgical approach. These include disc size, location, ex-
tent of calcification, surgeon’s experience, degree of
spinal cord deformation, and the general medical record
of the patient. In cases of L1-L2 and L2-L3 disc hernia-
tions, radiologic findings are the outmost important cri-
teria for the selection of the surgical approach [25].
Among the surgical approaches for lumbar disc her-

niation, open lumbar discectomy (OLD) is considered
the gold standard [26]. This technique is much com-
monly performed because of its good clinical results. In
such technique, there is excision of some posterior
structures such as lamina, ligament flavum, and facet
joints [27]. Thus, it could possibly lead to lumbar in-
stability and iatrogenic injury [28]. Addition of spinal
stabilization and fusion by a multitude of instrumenta-
tions has been developed [29]. Transpedicular screw fix-
ation has been the treatment of choice for stabilizing
segmental instability especially in cases that require wide
decompression [30].
In this study, 22 patients (group 1) underwent open

discectomy via laminectomy and partial medial facetect-
omy, and 24 patients (group 2) were operated upon via
the previous maneuver plus transpedicular screw fixation
to show any differences in surgical outcomes.
There were no significant differences between both

groups as regards pain improvement measured by VAS
score. Both groups showed significant reduction imme-
diately following surgery and at each of 7 days, 3
months, and 6 months in comparison with the preopera-
tive VAS score (p< 0.001). Furthermore, both groups
showed good regaining of functional ability; they had
significant stepwise reductions in the median ODI scores
at the 3rd and the 6th months following surgery com-
pared to the preoperative ODI score with no significant

Table 5 Lumbar disc level and surgical outcome groups

Groups

Group 1 Group 2

L1-L2 L2-L3 T12-L1 L1-L2 L2-L3 T12-L1

N % N % N % N % N % N % P1 P2

Improvement of sphincteric condition No 0 0.0 0 0.0 2 100.0 2 66.7 1 25.0 0 0.0 .200 .676

Partial 2 100.0 2 100.0 0 0.0 1 33.3 3 75.0 1 100.0

Motor power Improved 2 100.0 3 100.0 1 33.3 1 50.0 1 50.0 3 100.0 .250 .778

Little improved 0 0.0 0 0.0 2 66.7 1 50.0 1 50.0 0 0.0

Patient satisfaction No 0 0.0 0 0.0 2 40.0 1 11.1 2 20.0 0 0.0 .050 .429

Yes 7 100.0 10 100.0 3 60.0 8 88.9 8 80.0 5 100.0
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differences between both groups. Subjective evaluation
of patient’s satisfaction was comparable in group 1
(90.9%) and group 2 (87.5%). Compared to these find-
ings, Lin et al. [31] have recently reported a greater satis-
factory rate (93.8%) in series of 16 patients who were
operated via transpedicular pedicle screws and interbody
fusion with a cage compared to decompression alone
(66.7%). Follow-up of their patients also revealed better
functional outcomes (ODI score) at 3 months in the fu-
sion group compared to the decompression group. The
addition of interbody fusion with a cage to transpedicu-
lar pedicle screw fixation might explain the reported bet-
ter functional outcomes. However, Lin et al. [31] agree
with our findings in the presence of non-significant dif-
ferences between fusion and decompression groups as
regards VAS score, improvement of muscle power, and
bladder dysfunction.
An earlier case series of nine patients surgically treated

for upper LDH via discectomy through an anterior ap-
proach was reported. Four patients of them underwent
additional spinal instrumentation using the Kaneda de-
vice and Z-plate system. All patients showed improve-
ment of all clinical manifestations [32].
It seems that addition of pedicle screw fixation did not

improve the outcomes of ULDH patients. Moreover, our
findings revealed significantly lower mean time of the
operation and the mean amount of blood loss in patients
who underwent decompression alone. The choice of
screw fixation is important if a wide posterior laminec-
tomy is performed to decompress the neural structures;
this may lead to disruption of the normal anatomy and
mechanics of the spinal column resulting in instability,
which can lead to surgical failure. In such cases, spinal
fusion guards against the possible instability and adds
immediate immobilization of the spinal segment, which
can improve the axial pain as well as radiculopathy [7,
33]. However, the higher incidence of adjacent segment
degeneration, higher costs, and higher complication
rates should be taken into consideration [34].
All patients in this study showed significant improve-

ment of postoperative pain, function, muscle power, and
urinary incontinence compared to the preoperative con-
ditions. These favorable outcomes of ULDH are in
agreement with Sanderson et al. [9] who showed im-
provements of preoperative pain following microdiscec-
tomies of L1-L2 and L2-L3 disc herniations in 60% of
patients. Similarly, Kim et al. [5] detected relieve of
preoperative manifestations in 80% of cases of ULDH
operated via decompression surgery by conventional
laminectomy or a posterior transdural approach. Fur-
thermore, transfacet discectomy with pedicle screw
fixation in twenty patients diagnosed with herniated disc
at upper levels (T12-L1, L1-L2, and L2-L3) showed
significant improvement in radicular and back pain,

myelopathy, and statistically significant improvement of
ODI score following surgery [7].
Our study reported a non-significant association between

patient’s sex and level of the lumbar disc and surgical out-
comes; this was in agreement with Pochon et al. [35].
The retrospective design and the small patient num-

bers in both groups are considered limitations of this
study. Yet, the very low incidence of ULDH is an im-
portant factor that limits recruitment of a relatively large
number of patients. Furthermore, a longer follow-up is
necessary to evaluate any potential complications.

Conclusion
Both decompression and decompression combined with
transpedicular screw fixation had comparable favorable
outcomes in patients with ULDH. These included pain,
functional outcome, and improvements in muscle power
and urinary incontinence. However, addition of pedicle
screw fixation did not improve the outcomes of ULDH
patients.
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