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for Patients with Tandem Spinal Stenosis

Wei-zong Sun, MD1†, Xu Yan, MD2†, Ya-lin Yang, MD1†, Hong Song3†, Zi-wei Xia, MD1† , Shi-chang Yang, MD1†,
Fu-lin Chen, MD4, Wen-hui Li, MD1, Zi-qi Yu, MD1, Bin Liu, MD5, Yu-xin Liu, MD6, Kai Wang, PhD1 , Liang Zhang,

PhD1

Department of 1Orthopedics, 3Anesthesiology and 5Gastrointestinal Surgery, The Second Hospital of Tianjin Medical University, 2Department
of Orthopedics Emergency, Tianjin Hospital and 4Department of Orthopedics, Tianjin BeiChen District Chinese Medicine Hospital, Tianjin and

6Department of Emergency Surgery, The First Affiliated Hospital of Xinxiang Medical College, Xinxiang, China

Objective: To compare the clinical effects of cervical decompression first, lumbar decompression first, or simulta-
neous decompression of both lesions in the treatment of tandem spinal stenosis (TSS).

Methods: This is a retrospective analysis. From January 2013 to December 2018, 51 TSS patients underwent our
surgery and postoperative investigation. Among the 51 subjects, 27 females and 24 males, aged 49–77 years with
an average age of 66.3 � 6.8, were selected. According to the different operation sequences, all patients were
divided into three groups. In simultaneous operation group, five patients underwent cervical and lumbar vertebrae sur-
gery at the same time. In first cervical surgery group, 28 patients underwent cervical vertebra surgery first, followed by
lumbar spine surgery after a period of recovery. And in first lumbar surgery group, 18 patients underwent lumbar verte-
brae surgery first. The choice for neck surgery is posterior cervical single-door vertebroplasty, the surgery of lumber is
plate excision and decompression needle-rod system internal fixation. The outcome measures are visual analogue
scale (VAS), Japanese Orthopaedic Association cervical (JOA-C) and lumbar (JOA-L) scores, which were assessed at
3 months and 1 year after the operation by telephone interview. In addition, operative time, estimated blood loss, and
hospital stay were also recorded.

Results: All the patients in the study had surgery performed successfully by the same group of orthopaedic surgeons.
The preoperative VAS scores of simultaneous operation group, first cervical surgery group, and first lumbar surgery
group were 8.00 � 1.00, 8.36 � 0.68, and 8.17 � 0.71 (P > 0.05). The preoperative JOA-C scores were
7.00 � 2.35, 6.54 � 1.53, and 7.83 � 1.04 (P < 0.05). And the preoperative JOA-L scores were 7.20 � 2.17,
4.64 � 2.36, and 5.78 � 1.22 respectively (P < 0.05). During the final 1-year follow-up, the JOA-C improvement rates
of simultaneous operation group, first cervical surgery group, and first lumbar surgery group were 85.68% � 5.44%,
84.27% � 5.02%, and 83.34% � 10.25%, respectively (P > 0.05), and the JOA-L improvement rates were 80.04% �
3.35%, 81.65% � 3.74%, and 80.21% � 4.76% (P > 0.05). The difference among them was not statistically signifi-
cant. In addition, operation time (OP), blood loss (BL), and hospital stay (HS) in the simultaneous operation group were
245.00 � 5.00 min, 480.00 � 27.39 mL, and 16.60 � 0.55 days, respectively. While those parameters in the first
cervical surgery group were 342.50 � 18.18 min, 528.21 � 43.97 mL, and 22.75 � 2.15 days, and in the first lum-
bar surgery group they were 346.11 � 24.77 min, 519.44 � 43.99 mL, and 22.89 � 1.64 days. The average blood
loss in simultaneous operation group was less (P > 0.05); meanwhile, the operation time and hospital stay time were
significantly shorter in the simultaneous operation group than in the first cervical surgery group and first lumbar sur-
gery group (P < 0.05). Only one case of fat liquefaction occurred in first cervical surgery group, which healed spontane-
ously after a regular change of dressing for 1 month.
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Conclusions: Under the condition of ensuring the surgical effect, the choice of staged surgery or concurrent surgery
according to the patients’ own symptoms of cervical and lumbar symptoms could both obtain satisfactory results, and
the damage of simultaneous surgery was less than that of staged surgery.
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Introduction

Spinal stenosis is a narrowing of the foramina and neural
canal, which frequently affects more than one segment of

the spine and causes the compression of the neurologic
structures with corresponding symptoms1,2. The term “tan-
dem spinal stenosis” (TSS) refers to spinal canal diameter
narrowing in at least two distinct regions of the spine3.

TSS is considered a degenerative spinal condition,
which is related to an aging-related disease and may increase
as the population ages4. Degenerative spondylosis and steno-
sis are common diseases of the elderly, usually manifested as
the degenerative changes related to aging and stress, leading
to progressive encroachment on the spinal canal5. Although
TSS can occur in any segments of the spine, it most com-
monly occurs in the more active cervical and lumbar spine6.
Spinal stenosis is defined as the critical narrowing of the sagit-
tal diameter of the spinal canal (cervical spinal stenosis <10 mm,
lumbar spinal stenosis <11 mm)7. Its clinical symptoms are
the direct result of a severe reduction in sagittal diameter,
which is sufficient to produce symptoms in the central spinal
canal or lateral nerve foramen and lateral fossa and patient
performance depends on this progressive narrowing6.
Narrowing of the spinal canal can cause spinal cord com-
pression leading to myelopathy.

Stenosis involving the cervical spine has symptoms
such as hand clumsiness, gait spasm, sensory impairment,
loss of balance, muscular atrophy, and bowel or bladder dys-
function, while lumbar stenosis is associated with neurogenic
claudication and radiculopathy5,8. All of the above symptoms
may occur in TSS patients due to involvement of both cervi-
cal and lumbar spine.

The diagnosis of TSS may be proven difficult due to its
varied presentation. Clinically, its most common feature is a
triad of symptoms: lower extremity intermittent neurogenic
claudication, gait disturbance, and combined upper and
lower motor neuron syndrome. In 1964, Teng and
Papatheodorou discussed 12 cases of cervical spondylosis
and lumbar spondylosis, the first reported simultaneous
occurrence of cervical and lumbar spinal stenosis9. In 1984,
Epstein’s team stated that in a cohort of hospitalized patients
with spinal stenosis, 5% had symptoms of coexisting cervical
and lumbar stenosis10. In 1987, Dagi et al. first used the term
“tandem spinal stenosis(TSS)” to describe multiple spinal
stenosis, and first reported a one-staged combined surgical
treatment of TSS11.The study revealed that the prevalence of
cervical stenosis is approximately 5% to 20%12, and the rate

of lumbar spinal stenosis is estimated at 8% to 11%13.As a
proportion of patients with tandem stenosis have no clinical
symptoms, there is no definitive epidemiological data on the
prevalence of TSS, and available statistical data vary widely.
It has been said that the prevalence of TSS is estimated to be
between 5% and 25%, which is the most cited incidence
reported11. In a cadaver study of the general population, Lee
et al. found that the prevalence of tandem stenosis ranged
from 0.9% to 5.4%. The study also got a statistically signifi-
cant correlation between cervical and lumbar spinal stenosis:
stenosis in one segment of the spine positively predicted ste-
nosis in other parts of the spine 15.3% to 32.4% of the
time14. In patients undergoing spinal stenosis surgery, the
proportion of clinically diagnosed symptomatic tandem ste-
nosis was 3.4%7. Other studies have reported moderate or
more asymptomatic cervical compression in 24% of patients
with lumbar spinal stenosis15.

The mechanism of TSS is hypothesized to be referral
pain due to cervical spinal cord compression resulting in
stimulation of the spinothalamic tract and/or disruption of
descending raphe nuclei projections, which modulate the
ascending nociceptive pathway. Upper motor neurons are
situated from the cerebral cortex to the relevant segment of
nerve roots, so compression of cervical spinal stenosis may
result in a mixed result of upper and lower motor neurons5.
In patients with existing cervical spinal stenosis, the presence
of additional lumbar spinal stenosis leads to the presence of
both central and peripheral motion disorders, making it diffi-
cult to identify the most responsible segments. It is suggested
that the symptoms and signs of cervical spondylosis (e.g. gait
disorders and difficulty standing) make a preoperative diag-
nosis of symptoms associated with lumbar spinal stenosis
difficult.

The treatment of TSS is controversial. In the treatment
of TSS, patients with more symptomatic cervical spinal ste-
nosis may find that surgical treatment of the neck lesions
first results in untreated symptoms of lumbar spinal stenosis
over time and further progression of lower limb symptoms.
Conversely, if lumbar spinal stenosis is treated first, symp-
toms associated with cervical spinal stenosis rapidly deterio-
rate, especially in patients with precursors of cervical spinal
stenosis.

There are three operative strategies: cervical decom-
pression first16, lumbar decompression first7, or one-staged
decompression of both lesions17. In the current published lit-
erature, there is no consensus as to who is better or worse in
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one-stage of decompression compared with simultaneous
multistage decompression.

Since it is difficult to ascertain the most symptomatic
stenosis and the likelihood of postoperative progression, it is
necessary to further study the optimal treatment of TSS. In
this study, 51 patients with TSS were retrospectively analyzed
to explore the choice of simultaneous or staged decompres-
sion surgery. In addition, one case of TSS was reported in
detail.

Methods

With the approval of the institutional review committee
of our hospital, the medical records of the patients

diagnosed as tandem spinal stenosis according to the imag-
ing manifestations and clinical symptoms from 1 January
2013 to 31 December 2018 were analyzed retrospectively.
Fifty-one patients with TSS, 27 females and 24 males, with
an average age of 66.3 � 6.8 years, were selected.

Inclusion Criteria
According to the PICOS principles, the inclusion criteria are
as follows:

P (participants): (i) Patients with severe clinical symp-
toms (pain, numbness, limb weakness, limited lifting, radia-
tion pain of extremity, intermittent claudication, poor
precision, etc.), which have an obvious impact on the quality
of daily life, and poor conservative treatment effect;
(ii) Patients with cervical stenosis and lumbar stenosis at the
same time (cervical spinal stenosis with a sagittal diameter of
less than 10 mm and lumbar spinal stenosis with a sagittal
diameter of less than 12 mm).

I (intervention): Patients with well-defined TSS who
did cervical and lumbar vertebrae surgery at the same time.

C (comparison): Well-defined TSS patients with staged
operation.

O (outcome): The data of visual analogue scale (VAS),
Japanese Orthopaedic Association of cervical (JOA-C) and
lumbar (JOA-L) scores are complete.

Exclusion Criteria
The exclusion criteria are as follows: (i) acute spinal cord
injury caused by trauma; (ii) tuberculosis and tumor of
spine; (iii) congenital deformity or curvature of spine;
(iv) piriformis syndrome, peripheral vascular disease, and
peripheral neuropathy; (v) without complete preoperative
and postoperative follow-up data.

Operation Selection
The choice for neck surgery is posterior cervical single-door
vertebroplasty. After satisfactory anesthesia, the patient was
placed in the prone position, the skull was fixed on the head
frame, routinely disinfected and covered with a disposable
surgical drape. A 12 cm-long incision was made in the center
of the responsible segment spinous process from the middle
of the neck. The skin, subcutaneous tissue, nuchal ligament,
and supraspinous ligament were cut successively along the

spinous process and lamina, and the erector spinae on both
sides were successively stripped to the outer edge of
zygapophysial joint. Under the protection of nerve stripper,
the responsible segment of cervical vertebra was opened with
an abrasion drill. The opening angle of one side is about 60�,
and the other side is the door shaft. Screw fixation with plate
is screwed in at the single open door of the responsible seg-
ment lamina. The decompression effect of nerve dissector
was satisfactory (spine dura mater is expansion and has
integrity), and it was washed repeatedly with normal saline.
It was put in a drainage tube to connect with a negative pres-
sure drainage ball, sutured layer by layer, and the incision
was bandaged. External fixation of neck bracket is used, and
patient is returned to the ward after waking from anesthesia.

The surgery of lumber spine involves plate excision
and decompression needle-rod system internal fixation. After
satisfactory anesthesia, the patient was placed in the prone
position, routinely disinfected and covered in a disposable
surgical drape. According to the line drawn before operation,
the skin was cut to the subcutaneous and lumbar fascia on
the responsible segment spinous process in the middle of the
lumbar dorsum. The posterior cranial fossa hook was placed
and bleeding was stopped layer by layer. Separation of para-
vertebral muscles was achieved by electrocoagulation from
caudal side to cephalic side along spinous process to the
zygapophysial joints. Gauze was used to stop bleeding, the
other side was seperated, and the lamina retractor was placed
after the exposure was satisfactory. Using the highest point
of iliac crest to locate L4-5 intervertebral space, then the
L2-3, L3-4, and L4-5 facet joints were determined and the
insertion point (intersection of midline of lumbar transverse
process and outer edge of superior articular process) was
established. Guided by the pedicle cone, we determined that
the bone was all around and positioned Kirschner wire.
Under fluoroscopy, Kirschner wires were all located in the
pedicle, and then pedicle screws were screwed in: L3 abduc-
tion 20�, head tilt 5�(65 mm * 45 mm), L4 abduction 15�

head tilt 0� (65 mm * 45 mm), L5 abduction 30� head tilt
20� (65 mm * 45 mm). If the length of screw position was
satisfactory through fluoroscopy, the responsible segment
lamina was removed, bilateral nerve roots were completely
loosened, and the posterior edge of vertebral body was sepa-
rated carefully. Bipolar electrocoagulation was used to stop
bleeding. After exposing lesion segment intervertebral space,
the upper and lower endplates of the intervertebral discs
were removed and scraped off, and then the cage model
(12 mm * 26 mm) was placed. Under fluoroscopy, make sure
that the cage position and size are appropriate, and then
place the pre-modified needle bar to distract the inter-
vertebral space. Cage was inserted into the space after bone
grafting in vertebral space and cage. After the fluoroscopy
showed that the position was satisfactory, compression fixa-
tion was performed, transverse connection was placed, and
bone graft was placed beside the transverse process. Bleeding
was stopped adequately, wound was washed with plenty of
normal saline, negative pressure drainage was placed on the
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wound, and the wound was closed layer by layer. Return
patient to the ward after waking from anesthesia.

All operations were performed by the same group of
surgeons. The catheter was pulled out within 1–2 days after
operation, and the patients were treated with antibiotics,
mannitol, and hormones. The patients were encouraged to
get out of bed and move 1 week after operation.

Observation Index
The outcome measures are visual analogue scale (VAS) and
Japanese Orthopaedic Association cervical (JOA-C) and lum-
bar (JOA-L) scores. At two time points, 3 months and 1 year
after the operation, a student who was not involved in the
operation contacted the patients by telephone to collect the
JOA score data. In addition, operative time, estimated blood
loss, and hospital stay were also recorded.

Visual Analogue Scale
Visual analogue scale (VAS) is used in the social and behav-
ioral sciences to measure a patient’s pain degree. Patients
were asked to rate their pain on a scale of 0 to 10. A higher
score represented greater pain intensity. Zero means painless,
and 10 means the worst pain ever.

Japanese Orthopaedic Association
Japanese Orthopaedic Association cervical (JOA-C) and lum-
bar (JOA-L) scores were used to assess the severity of clinical
symptoms pre- and postoperatively. JOA-C is comprised of
six domain scores: motor dysfunction in the upper and lower
extremities; sensory function in the trunk, upper extremities,
and lower extremities; and bladder function, scaling from
0 to 4, 4, 2, 2, 2, and 3, respectively. JOA-C improvement
rate = [(follow-up JOA-C score − preoperative JOA-C
score)/(17 − preoperative JOA-C score)] × 100%. JOA-L
consists of four subsections: subjective symptoms, objective
observations, restriction of activities of daily living, and uri-
nary bladder function, scaling from 0 to 9, 6, 14 and −6,
respectively. JOA-L improvement rate = [(follow-up JOA-L
score − preoperative JOA-L score)/(29 − preoperative JOA-L
score)] × 100%. The higher the score, the better the patient’s
neurological function.

In addition, patient demography, blood loss, operation
time, hospital stay, and complications were assessed and
compared carefully.

Statistical Methods
SPSS25.0 software (IBM Corp., Armonk, NY, USA) was used
for statistical analysis. The measurement data was expressed
by Mean � SD, and the VAS and JOA scores were statisti-
cally analyzed by one-way ANOVA analyses. P < 0.05 was
statistically significant.

Results

After a series of screenings, 51 patients finally underwent
surgery. Among the 51 cases, 24 were male and 27 were

female; the maximum age was 77 years old and the

minimum age was 49 years old, with an average age of
66.3 years. There were five patients who underwent cervical
and lumbar vertebrae surgery at the same time (simultaneous
operation group), 28 patients who underwent cervical verte-
bra surgery first (first cervical surgery group), and 18 patients
who did lumbar vertebrae first (first lumbar surgery group).
The average age of simultaneous operation group, first cervi-
cal surgery group, and first lumbar surgery group was
64.60 � 7.64, 67.04 � 6.53 and 65.72 � 7.22, respectively.
(Fig. S1 and Table S1).

Signs and Symptoms
The statistics of symptoms and physical signs of patients is
shown in Table 1. There were 45 cases of upper extremity
pain and radiation pain; 37 cases of upper extremity hypo-
esthesia and numbness; 23 cases of upper limb weakness,
limited lifting; 14 cases of headache or dizziness; 36 cases of
lumbago and lower limb radiation pain; 35 cases of lower
limb hypoesthesia and numbness; 17 cases of intermittent
claudication; three cases of poor urination. There were
26 cases of Hoffmann sign positive; 33 cases of Spurling sign
positive; 36 cases of Babinski sign positive; 46 cases of
straight leg elevation test positive; 17 cases of ankle clonus
positive (Table 1).

Imaging Features
All the 51 cases were examined by X-ray, computed tomog-
raphy (CT), and magnetic resonance imaging (MRI) of cervi-
cal and lumbar vertebrae. The X-ray films of all subjects
showed different degrees of degeneration of cervical and
lumbar vertebrae. X-ray showed the change of cervical
physiological curvature in 50 cases, cervical intervertebral
space stenosis in 44 cases, and cervical osteophyte forma-
tion in 34 cases. There were 42 cases of lumbar instability
and 35 cases of lumbar degeneration and hyperplasia.
MRI of all subjects showed different degrees of stenosis in
the cervical and lumbar spinal canal. Cervical MRI
showed spinal canal stenosis with intervertebral disc her-
niation in 46 cases. Cervical CT plain scan showed ossifi-
cation of posterior longitudinal ligament in 41 cases.
Lumbar CT showed intervertebral disc herniation in
48 cases (Table 1).

Intraoperative Parameters
As shown in Table 2, operation time (OP), blood loss (BL),
and hospital stay (HS) in simultaneous operation
group were 245.00 � 5.00 min, 480.00 � 27.39 mL, and
16.60 � 0.55 days. While those parameters in the first cervical
surgery group were 342.50 � 18.18 min, 528.21 � 43.97 mL,
and 22.75 � 2.15 days; and in first lumbar surgery group
were 346.11 � 24.77 min, 519.44 � 43.99 mL, and 22.89 �
1.64 days, respectively. The average blood loss in simultaneous
operation group was less (P > 0.05), and operation time and
hospital stay time were significantly shorter in the simulta-
neous operation group than in the first cervical surgery group
and first lumbar surgery group (P < 0.05). (Table 2).
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Evaluation Result

Patients’ Preoperative Scores
The preoperative VAS scores of simultaneous operation
group, first cervical surgery group, and first lumbar surgery
group were 8.00 � 1.00, 8.36 � 0.68, and 8.17 � 0.71
(P > 0.05). JOA-C scores were 7.00 � 2.35, 6.54 � 1.53, and
7.83 � 1.04 (P < 0.05). And JOA-L scores were 7.20 � 2.17,
4.64 � 2.36, and 5.78 � 1.22 respectively (P < 0.05).

Postoperative Scores of Simultaneous Operation Group
For the patients who underwent cervical and lumbar surgery
at the same time (simultaneous operation group), JOA-C and

JOA-L scores were 15.40 � 0.89 and 23.00 � 3.16, respec-
tively, 3 months after operation, and postoperative improve-
ment rates of JOA-C and JOA-L were 84.02 � 7.30% and
73.35 � 11.22%. After 1 year of follow-up, JOA-C and JOA-L
scores were 15.60 � 0.55 and 24.60 � 1.14, and postoperative
improvement rates were 85.68% � 5.44% and 80.04% �
3.35% (Table 2).

Postoperative Scores of First Cervical Surgery Group
Three months after operation, the JOA-C and JOA-L scores
of patients with primary cervical surgery and second lumber
surgery (first cervical surgery group) were 14.61 � 0.99 and
23.11 � 1.66, respectively, and postoperative improvement

Table 2 Evaluation index

Simultaneous operation First cervical surgery First lumbar surgery

Mean SD Mean SD Mean SD P value

Duration of surgery (min) 245.00 5.00 342.50 18.18 346.11 24.77 <0.0001
Blood loss (mL) 480.00 27.39 528.21 43.97 519.44 43.99 0.08
Hospital stay (day) 16.60 0.55 22.75 2.15 22.89 1.64 <0.0001
VAS score 8.00 1.00 8.36 0.68 8.17 0.71 0.49
JOA-C Before operation 7.00 2.35 6.54 1.53 7.83 1.04 0.02

3 months after operation 15.40 0.89 14.61 0.99 14.72 0.96 0.25
One year after operation 15.60 0.55 15.32 0.67 15.44 0.98 0.72

Postoperative improvement rate of JOA-C 3 months after operation 84.02% 7.30% 77.66% 7.23% 75.63% 8.80% 0.11
One year after operation 85.68% 5.44% 84.27% 5.02% 83.34% 10.25% 0.80

JOA-L Before operation 7.20 2.17 4.64 2.36 5.78 1.22 0.02
3 months after operation 23.00 3.16 23.11 1.66 23.11 1.57 0.99
One year after operation 24.60 1.14 24.50 1.14 24.39 1.20 0.91

Postoperative improvement rate of JOA-L 3 months after operation 73.35% 11.22% 76.04% 5.39% 74.78% 5.95% 0.61
One year after operation 80.04% 3.35% 81.65% 3.74% 80.21% 4.76% 0.45

Table 1 Demographics

Simultaneous operation First cervical surgery First lumbar surgery

Case 5 28 18
Age (mean � SD) 64.60 � 7.64 67.04 � 6.53 65.72 � 7.22
Sex, male 2 14 8

Symptoms Upper limb pain, radiation pain 4 27 14
Upper limb hypoesthesia, numbness 3 25 9
Upper limb weakness, limited lifting 2 13 8
Headache, dizziness 1 9 4
Lumbago, lower limb radiation pain 3 19 14
Lower limb hypoesthesia, numbness 3 20 12
Intermittent claudication 2 9 6
Poor urination 1 1 1

Signs Hoffmann sign positive 3 14 9
Spurling sign positive 4 18 11
Babinski sign positive 2 21 13
Straight leg elevation test positive 4 26 16
Ankle clonus positive 2 8 7

Imaging Cervical physiological curvature 5 28 17
Cervical intervertebral space stenosis 5 25 14
Cervical osteophyte formation 4 20 10
Lumbar instability 4 22 16
Lumbar degeneration and hyperplasia 3 18 14
Spinal canal stenosis with intervertebral disc herniation 5 25 16
Ossification of posterior longitudinal ligament 4 24 13
Intervertebral disc herniation 5 26 17
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rates of JOA-C and JOA-L were 77.66% � 7.23% and
76.04% � 5.39%. After 1 year of follow-up, JOA-C and
JOA-L scores were 15.32 � 0.67 and 24.50 � 1.14, and post-
operative improvement rates were 84.2%7 � 5.02% and
81.65% � 3.74% (Table 2).

Postoperative Scores of First Lumbar Surgery Group
Three months after surgery JOA-C and JOA-L scores of
patients who had lumber surgery in the first stage and cervi-
cal surgery in the second stage (first lumbar surgery group)
were 14.72 � 0.96 and 23.11 � 1.57, respectively, and post-
operative improvement rates of JOA-C and JOA-L were
75.63% � 8.80% and 74.78% � 5.95%. After 1 year of
follow-up, JOA-C and JOA-L scores were 15.44 � 0.98 and
24.39 � 1.20, and postoperative improvement rates were
83.34% � 10.25% and 80.21% � 4.76% (Table 2).

Comparison of Postoperative Results

JOA-C
Three months after surgery, the JOA-C scores of simulta-
neous operation group, first cervical surgery group and first
lumbar surgery group were 15.40 � 0.89, 14.61 � 0.99, and
14.72 � 0.96, respectively, the difference was not statistically
significant (P > 0.05). While 1 year after surgery, the JOA-C
scores of simultaneous operation group, first cervical surgery
group, and first lumbar surgery group were 15.60 � 0.55,
15.32 � 0.67 and 15.44 � 0.98, respectively, the difference
was also not statistically significant (P > 0.05). (Table 2).

Postoperative Improvement Rates of JOA-C
Three months after surgery, the simultaneous operation
group, first cervical surgery group and first lumbar surgery
group postoperative improvement rates of JOA-C scores
were 84.02% � 7.30%, 77.66% � 7.23%, and 75.63% �
8.80%, respectively, the difference was not statistically signifi-
cant (P > 0.05). While 1 year after surgery, simultaneous
operation group, first cervical surgery group, and first lum-
bar surgery group postoperative improvement rates of
JOA-C were 85.68% � 5.44%, 84.27% � 5.02%, and
83.34% � 10.25%, respectively, the difference was also not
statistically significant (P > 0.05). (Table 2).

JOA-L
Three months after surgery, the JOA-L scores of simulta-
neous operation group, first cervical surgery group, and first
lumbar surgery group were 23.00 � 3.16, 23.11 � 1.66, and
23.11 � 1.57, respectively, the difference was not statistically
significant (P > 0.05). While 1 year after surgery, the JOA-C
scores of simultaneous operation group, first cervical surgery
group, and first lumbar surgery group were 24.60 � 1.14,
24.50 � 1.14, and 24.39 � 1.20, respectively, the difference
was also not statistically significant (P > 0.05). (Table 2).

Postoperative Improvement Rates of JOA-L
Three months after surgery, the simultaneous operation
group, first cervical surgery group, and first lumbar surgery
group postoperative improvement rates of JOA-L scores were
73.35% � 11.22%, 76.04% � 5.39%, and 74.78% � 5.95%,
respectively, the difference was not statistically significant
(P > 0.05). While 1 year after surgery, simultaneous opera-
tion group, first cervical surgery group, and first lumbar sur-
gery group postoperative improvement rates of JOA-L were
80.04% � 3.35%, 81.65% � 3.74%, and 80.21% � 4.76%,
respectively, the difference was also not statistically signifi-
cant (P > 0.05). (Table 2).

Complications
Postoperative X-ray examination showed that the position of
internal plant was good and that no fixation loosening, frac-
ture, or prolapse occurred in any of the patients. The physio-
logical curvature of lumbar vertebrae and cervical vertebrae
recovered. All the incisions were healed and there were no
complications such as wound bleeding and infection. One
case of fat liquefaction occurred in first cervical surgery
group, which healed spontaneously after a regular change of
dressing for 1 month. There were no serious complications
such as dural tear, cerebrospinal fluid leakage, epidural
hematoma, and spinal cord injury.

Case Report
A 70-year-old woman was hospitalized for “neck discomfort
with unstable walking for more than 5 months, aggravating
for 1 month, and urinary incontinence for 3 days”. Before this
time (5 months previously), there was no obvious cause of
neck discomfort accompanied with unstable walking, occa-
sional radiation pain of both lower limbs, no abnormal sensa-
tion, no abnormal fine movement of limbs, no dizziness,
nausea and vomiting, and no further treatment was given.
One month ago, the symptoms gradually worsened, and the
patient appeared to have intermittent claudication, only able
to walk 100 m, accompanied by weakness and numbness of
both lower limbs, which was aggravated when walking and
relieved at rest. Three days before admission, there was no
obvious inducement, and the symptoms of urinary inconti-
nence appeared. The patient has a history of diabetes and
hypertension, and blood pressure and blood glucose can be
controlled by drugs. Babinski and Hoffman reflexes were posi-
tive on both sides, and the deep reflex was weakened. Preop-
erative VAS score was 8, Nurick score was 3, JOA-C score
was 7, JOA-L score was 5. MRI results showed that the degree
of cervical spinal stenosis was severe at C3-C7 level, and lum-
bar spinal stenosis was severe at L2-S1 level. Due to the severe
symptoms caused by lumbar spinal stenosis, she underwent
L2-4 lumbar laminectomy, decompression, and needle rod
system internal fixation in our hospital. Three months later,
the symptoms of urinary incontinence and intermittent clau-
dication improved. Postoperative VAS score was 6, JOA-C
score was 11, JOA-L score was 12. No related complications
occurred, but the symptoms of bilateral gait imbalance,
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weakness and numbness caused by cervical spinal stenosis
gradually aggravated, which seriously reduced her quality of
life. She then underwent posterior cervical single-door ver-
tebroplasty for C3-C7. Postoperative VAS score was 3, JOA-C
score was 15, JOA-L score was 24, final JOA-C improvement

rate was 80.00%, JOA-L improvement rate was 79.17%. The
symptoms of sensory disturbance were relieved, the pathologi-
cal reflex turned negative, the tendon reflex returned to nor-
mal, and the postoperative quality of life was significantly
improved (Figs 1 and 2).

B

A
C

D E F

Fig. 1 (A) Preoperative DX showed that the physiological curvature of the cervical spine became straight. (B) Postoperative DX showed that the

internal fixation position was good. (C) CT showed C4-5 level spinal stenosis. (D) MRI cross-section showed C4-5 level spinal stenosis. (E) MRI

sagittal plane showed cervical spinal stenosis. (F) Schematic illustration.

A B

C D E F

Fig. 2 (A) Preoperative DX showed that the physiological curvature of the lumbar spine was straightened; (B) Postoperative DX showed good internal

fixation position; (C) CT shows L3-4 spinal stenosis; (D) MRI cross section shows L3-4 spinal stenosis; (E) MRI sagittal plane shows lumbar spinal

stenosis. (F) Schematic illustration.
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Discussion

TSS refers to simultaneous narrowing of disjointed
regions of the spinal canal, and stenosis could occur at

any level throughout the spinal column, particularly the cer-
vical and lumbar regions18,19. A recent, large-scale Japanese
study based on whole-spine magnetic resonance imaging
(MRI) found that the prevalence of CSS was 25%, lumbar
spinal stenosis (LSS) was 30%, and TSS was 11%20. The clas-
sic symptoms in TSS includes gait disturbance, intermittent
claudication, and mixed upper and lower extremity symp-
toms11,21. A comprehensive history and examination are
essential to reduce the risk of missing TSS.

Surgical selection for TSS patients with clinical symp-
toms of cervical spinal stenosis and lumbar spinal stenosis is
still controversial1,14. Either cervical spinal stenosis or lumbar
spinal stenosis can lead to anesthesia and pain from lower
limbs22; if the symptoms of lumbar stenosis with cervical ste-
nosis were managed only by lumbar decompression, the
residual cervical symptoms after surgery could result in
unimproved surgical outcomes11,23,24. Cervical decompres-
sion surgery followed by lumbar decompression in some
reports has been advocated because of the decompression of
the cervical spine resulting in the connection tract between
the corticospinal tract and lower limbs, which might pass
through the stenosis segments of cervical spine, and was also
decompressed, making lumbar symptoms improve16,25. Cer-
vical decompression surgery after lumbar decompression was
promoted as lumbar decompression could correct the ante-
flexion of lumbar vertebra and promote greater space for the
cervical spinal cord11. Some authors believe that the main
symptoms rather than the absolute stenosis on the radio-
graph were the primary issue to be treated by decompression

surgery10. Recently, some articles have suggested that electro-
physiological examination (electroneuromyography [ENMG]
and motor- and sensory-evoked potential [MEP-SEP]) could
be carried out before operation to identify the most suitable
area for operation and choose the mode of operation3.
Simultaneous decompressions for patients with coexisting
cervical and lumbar spinal stenosis were recommended
recently with faster functional recovery and less hospital
stays and costs26.

Principles of Surgical Selection
The principles of selection of cervical and lumbar surgery do
not only aim to fully remove the compression factors. They
also aim to minimize the damage to the stability of the spine,
in line with the biomechanical characteristics of the spine,
and reduce the occurrence of various complications. Gener-
ally speaking, the surgical methods can be divided into one-
stage operation and staged operation according to the time.
The patients selected by our team for one-stage operation
are patients with good physical fitness, no contraindications
to surgery, younger age (less than 60 years old), and severe
neck and waist symptoms. Under the premise of adequate
preoperative preparation, the first-stage operation of cervical
vertebrae and lumbar vertebrae was performed. Staging sur-
gery is for patients with TSS whose symptoms are mainly in
a single site. We can consider a single-site operation first,
depending on the degree of symptom relief to determine
whether to perform another part of the operation. In addi-
tion, patients with poor physical condition and low surgical
tolerance must be operated on in stages to reduce the inci-
dence of intraoperative and postoperative accidents. When
choosing the preferred surgical site for staging operation, the

Fig. 3 Schematic decision diagrams.
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imaging manifestations, clinical symptoms, patients’ opin-
ions, and economic conditions should be considered com-
prehensively (Fig. 3).

Case Report Analysis
In this paper, a case of TSS was reported in detail. As the
patient was elderly and had relatively serious symptoms of
lumbar spinal stenosis, this case primarily received a lumbar
decompression after that the symptoms of urinary inconti-
nence and intermittent claudication improved. Then the
second-stage cervical decompression surgery was executed,
the sensory disturbance of upper and lower limbs was
relieved, and the tendon reflex and Hoffmann sign returned
to normal. Both results of postoperative and follow-up were
satisfactory in these three patients. The prognosis of patients
with tandem spinal stenosis is not worse than that of a single
patient with cervical stenosis or lumbar stenosis27,28. There
was no significant correlation between the surgical outcome
and the choice of surgical procedure in patients with
coexisting cervical spinal stenosis and lumbar spinal
stenosis29,30.

All Data Analysis
Among the 51 patients selected in this paper, 28 patients
underwent cervical surgery, 18 patients underwent lumbar
surgery, and five patients underwent both cervical and lum-
bar surgery. During the final one-year follow-up, the JOA-C
improvement rates of simultaneous surgery, first cervical sur-
gery, and first lumbar surgery were 85.68% � 5.44%,
84.27% � 5.02%, and 83.34% � 10.25%, respectively, and the
JOA-L improvement rates were 80.04 � 3.35%,
81.65 � 3.74%, and 80.21 � 4.76%, respectively. The differ-
ence was not statistically significant, suggesting that under
the condition of ensuring the surgical effect, the choice of
staged surgery or concurrent surgery according to the
patients’ own severe symptoms of cervical and lumbar symp-
toms have little effect on the final results. But in our study,
the total operative time of simultaneous operation group,
first cervical surgery group, and first lumbar surgery group
were 245.00 � 5.00 min, 342.50 � 18.18 min, and
346.11 � 24.77 min; the operation time of simultaneous
operation group was significantly less than that of first cervi-
cal surgery group and first lumbar surgery group (P < 0.05).
Meanwhile the hospital stays of simultaneous operation
group, first cervical surgery group, and first lumbar surgery

group were 16.60 � 0.55 days, 22.75 � 2.15 days, and
22.89 � 1.64 days; the hospitalization time of simultaneous
operation group was also less than that of first cervical sur-
gery group and first lumbar surgery group (P < 0.05).
Although the difference in intraoperative blood loss was not
statistically significant, the value of simultaneous operation
group (480.00 � 27.39 mL) was intuitively smaller than that
of first cervical surgery group (528.21 � 43.97 mL) and first
lumbar surgery group (519.44 � 43.99 mL). So, from the
point of view of the injury to the patient, simultaneous sur-
gery may be better than staged surgery.

Limitations
Inevitably, the study has some potential limitations. The first
is its retrospective and non-random model. Because our sub-
jects were patients undergoing TSS surgery, the stenosis
degree and nerve compression problems were different,
which could not be randomized and blinded like other drug
trials. Secondly, the sample size of this paper is relatively
small, so the conclusions obtained in this paper may not be
extended to all TSS patients. Thirdly, the JOA scores used in
this paper are mainly used to assess simple cervical or lum-
bar diseases, so we cannot determine their reliability to TSS.
Currently, the published literature does not provide a specific
score to evaluate TSS patients. With the increase of TSS
research, this problem may be solved in the near future.

Conclusion
The principles of cervical and lumbar surgery selection are to
fully relieve the pressure factors and minimize the damage to
spine stability, which is in line with the biomechanical char-
acteristics of the spine and reduces the occurrence of various
complications. The purpose of surgical treatment is to reduce
pressure and sustain stability. According to our research, to
ensure the best-quality operation and achieve good results,
either one-stage operation or staged operation can be
selected based on the patient’s own situation. Finally, the
damage of simultaneous surgery was less than that of staged
surgery.

Supporting Information
Additional Supporting Information may be found in the
online version of this article on the publisher’s web-site:

Appendix S1: Supplementary Information
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