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Abstract
Background Tandem spinal stenosis (TSS) is a condition characterized by the narrowing of the spinal canal in 
multiple segments of the spine. Predominantly observed in the cervical and lumbar regions, TSS also manifests in the 
conjunction of the cervical and thoracic spine. The simultaneous occurrence of cervical and thoracic spinal stenosis 
engenders intricate symptoms, potentially leading to missed and delayed diagnosis. Furthermore, the presence 
of tandem cervical and thoracic stenosis (TCTS) introduces a notable impact on the decision-making calculus of 
surgeons when contemplating either one-staged or two-staged surgery. Currently, there is no agreed-upon strategy 
for surgical intervention of TCTS in the literature.

Methods Medical databases in English (Pubmed, Web of Science, Embase, the Cochrane Database of Systematic 
Reviews) and Chinese (CNKI, Wanfang Data, VIP CMJD) were searched using Medical Subject Heading queries for 
the terms “tandem cervical and thoracic stenosis”, “cervical stenosis AND thoracic stenosis”, “tandem spinal stenosis” 
and “concomitant spinal stenosis” from January 1980 to March 2023. We included studies involving adult individuals 
with TCTS. Articles exclusively focused on disorders within a single spine region or devoid of any mention of spinal 
disorders were excluded.

Results Initially, a total of 1625 literatures underwent consideration for inclusion in the study. Following the 
elimination of the duplicates through the utilization of EndNote, and a meticulous screening process involving 
scrutiny of abstracts and full-texts, 23 clinical studies met the predefined inclusion criteria. Of these, 2 studies solely 
focused on missed diagnosis, 19 studies exclusively discussed surgical strategy for TCTS, and 2 articles evaluated both 
surgical strategy and missed diagnosis.

Conclusion Our study revealed a missed diagnosis rate of 7.2% in TCTS, with the thoracic stenosis emerging as the 
predominant area susceptible to oversight. Therefore, the meticulous identification of TCTS assumes paramount 
significance as the inaugural step in its effective management. While both one-staged and two-staged surgeries 
have exhibited efficacy in addressing TCTS, the selection of the optimal surgical plan should be contingent upon the 
individualized circumstances of the patients.
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Introduction
Tandem spinal stenosis (TSS) represents a pathological 
condition characterized by the synchronous narrowing 
of both the cervical and lumbar spines. Originally delin-
eated by Teng and Papatheodorou [1] and subsequently 
defined by Dagi, it manifests as a clinical triad marked by 
intermittent lower limb claudication, gait disorders, and 
both lower and upper motor neuron signs [2]. Tandem 
cervical and thoracic stenosis (TCTS) is another impor-
tant type of TSS, which refers to the stenosis of cervical 
and thoracic spine. The incidence of TCTS ranges from 
2.9 to 44.4%, lower than the overall incidence of TSS [3]. 
Although the etiology of TCTS remains unclear, current 
studies posit that it may be associated with heterotopic 
ossification and ligament expansion triggered by degen-
erative spinal disease.

The missed diagnosis of TCTS may result in an 
extended preoperative duration and an unfavorable 
prognosis, given the inverse correlation between the 
underlying course and the prognosis of TCTS [4]. How-
ever, diagnosing TCTS poses a considerable challenge 
for clinicians, as the symptoms do not simply represent 
a symptomatic combination of cervical and thoracic 
stenosis. Determining whether the symptoms in the 
lower extremities stem from a cervical or thoracic lesion 
becomes a complex task, compounded by the fact that 
cervical spinal stenosis can partially mask the symptoms 
of thoracic spinal stenosis [5]. Furthermore, conventional 
imaging examinations such as magnetic resonance imag-
ing (MRI) may not encompass the entire spine, poten-
tially contributing to the missed identification of TCTS.

When deciding on surgical intervention for TCTS, sur-
geons encounter the dilemma of determining whether 
to prioritize the cervical or thoracic spine during the 
operative procedure. Historically, addressing cervical ste-
nosis first was a prevalent approach among researchers. 
However, contemporary perspectives from numerous 
experienced authors present a spectrum of viewpoints, 
including single-region decompression, staged decom-
pression, or simultaneous decompression. Despite the 
wealth of research, a conspicuous absence of consensus 
persists in the existing literature regarding the optimal 
surgical intervention for TCTS.

The principal objectives of this systematic review 
encompass the critical evaluation of surgical intervention 
strategies for TCTS and the exploration of methodolo-
gies aimed at averting missed diagnoses.

Materials and methods
Study selection
This systematic review adhered to the recommended 
guidelines and protocols established by the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist. A comprehensive search 

of English medical databases (Pubmed, Web of science, 
Embase, the Cochrane Database of Systematic Reviews) 
and Chinese medical databases [China National Knowl-
edge Infrastructure(CNKI), Wanfang Data, VIP Chinese 
Medical Journal Database(CMJD)] were conducted from 
January 1980 to March 2023 using Medical Subject Head-
ing queries for the terms “tandem cervical and thoracic 
stenosis”, “cervical stenosis AND thoracic stenosis”, “tan-
dem spinal stenosis”, and “concomitant spinal stenosis”.

CNKI, a comprehensive Chinese digital library, encom-
passes an extensive array of academic resources across 
diverse medical disciplines, providing access to research 
articles, conference proceedings, and theses. Wanfang 
Data, a prominent Chinese information service provider, 
offers databases in various fields, including medicine and 
healthcare, featuring academic journals, conference pro-
ceedings, dissertations, and research projects.Addition-
ally, the VIP CMJD, part of the VIP Information system, 
spans multiple disciplines, incorporating medical jour-
nals, conference papers, and clinical guidelines.These 
Chinese medical databases enable users to access perti-
nent medical literature through these platforms, utilizing 
Chinese keywords and advanced search options.There-
fore, concerning the search methodology for Chinese 
medical databases, we will begin by translating English 
keywords into Chinese, followed by executing queries 
within the databases.

The inclusion criteria involved adult patients and clini-
cal investigations focusing on TCTS. Exclusions were 
made for articles addressing diseases or those that only 
concerned a single spinal region. Abstracts, conference 
reports, review papers and case reports were inten-
tionally omitted. To refine the selection of articles, two 
independent authors scrutinized all findings based on 
titles and abstracts. In recognition of the potential for 
inadvertent omissions, a comprehensive examination 
of the references in each included study was conducted. 
The scientific integrity of each included study under-
went assessment through the utilization of the Grading 
of Recommendations Assessment, Development, and 
Evaluation(GRADE) system [6].

Data collection and analysis
Data extraction from relevant studies focused on two 
key categories: those investigating the missed diagno-
sis of TCTS and those evaluating surgical intervention 
in patients with TCTS. The data collected from these 
studies encompassed various aspects, including study 
design, study period, study population, sample size, order 
of intervention, and outcome measures. Quantitative 
descriptive statistics were applied to patients from all 
included studies whenever practical.
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Results
PRISMA search results
This systematic review commenced with an initial pool 
of 1625 pieces of literature. Through the utilization of 
EndNote, duplicate entries were meticulously eliminated. 
Subsequently, two reviewers engaged in a comprehensive 
review process involving the scrutiny of titles, abstracts, 
and full texts, resulting in the identification of 23 stud-
ies that met the predetermined inclusion requirements. 
Among these clinical studies, a distribution emerged: 2 
studies were exclusively dedicated to the exploration of 
missed diagnoses, 19 studies delved into surgical strat-
egies for TCTS, and 2 articles undertook a dual evalua-
tion, concurrently addressing both surgical strategy and 
missed diagnosis (Fig. 1).

Surgical intervention in TCTS
The encompassing evaluation of surgical interventions 
for patients with TCTS involved twenty-one studies, as 
outlined in Table  1 [4, 7–26]. Among the 681 patients 
included in this study, 392(57.5%) presented with TCTS. 
One-staged surgical procedures were implemented 
on 246 patients with TCTS, with 50 patients undergo-
ing cervical decompression(CD), 37 receiving thoracic 
decompression(TD) in the first stage, and 159 experienc-
ing one-staged combined decompression. Staged surgery 
was performed in 85 patients, with 44 receiving CD as 

the initial procedure, 7 receiving TD as the first step, and 
34 cases where the specific surgical plan was not explic-
itly detailed. The studies frequently employed prognostic 
methods such as the Japanese Orthopedic Association 
(JOA) score, Nuirick score, Hirabayashi’s system score 
and patient satisfaction score. Postoperative complica-
tions were notably documented, with dural tear, cere-
brospinal fluid leakage, and neurological deterioration 
emerging as the most common complications following 
surgical interventions.

Missed diagnosis for TCTS
Missed diagnosis of TCTS was assessed in four clinical 
studies (Table  2). In a case-control study [27]involving 
35 patients with cervical spondylotic myelopathy(CSM) 
complicated by thoracic ossification of ligamentum 
flavum(OLF), 6 patients with thoracic OLF were initially 
missed diagnosed. Following cervical decompression, 
symptoms in the upper extremity significantly improved, 
while lower extremity problems persisted or wors-
ened over time. Subsequent utilization of thoracic MRI 
confirmed the diagnosis of TCTS. The rate of missed 
diagnosis was 17.1%. In a retrospective study, 318 indi-
viduals with cervical ossification of posterior longitudi-
nal ligament (OPLL)were included [28]. 14 patients with 
thoracic OLF were misdiagnosed as cervical OPLL on 
admission. Thoracic OLF was unintentionally discovered 

Fig. 1 Literature search flow chart. CNKI, China National Knowledge Infrastructure; CMJD, Chinese Medical Journal Database
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after further testing in 7 patients before the original oper-
ation, while 5 cases remained an incorrect diagnosis. Fol-
lowing cervical decompression, persistent upper motor 
nerve dysfunction in both lower extremities prompted 
the eventual detection of the thoracic OLF. In another 2 
cases, thoracic OLF was not correctly identified before 
the subsequent surgery. The percentage of missed diag-
nosis was 4.4%. Sun et al. [19]. conducted a retrospec-
tive review of 40 patients underwent surgery for thoracic 
OLF coupled with CSM. The study found that thoracic 
OLF was initially overlooked in 7 patients who were ini-
tially diagnosed with CSM. The symptoms in the lower 
extremities did not improve and actually worsened after 
cervical decompression. Ultimately, thoracic OLF was 
identified after additional testing, resulting in a missed 
diagnosis rate of 17.5%. In the evaluation of 8 symp-
tomatic TCTS patients, Jannelli overlooked 2 instances 
of thoracic myelopathy, with a missed diagnosis rate of 
25% [11]. Combining the data from these four studies, 
the overall missed diagnosis rate for the 401 patients was 
7.2%, ranging from 4.4 to 25%, with all missed segments 
occurring in the thoracic spine.

Discussion
The etiology of TCTS remains unclear. According to 
our included researches, degenerative factors such as 
ligament ossification and disc herniation stand as the 
primary causes of TCTS, with OPLL being the most com-
mon cause of cervical spinal canal stenosis and OLF and 
OPLL being the most frequent causes of thoracic spinal 
stenosis. Furthermore, TCTS has been be associated with 
congenital tandem cervical and thoracic spinal canal ste-
nosis [29, 30]. Clinical studies have indicated metabolic 

variables may potentially contribute to the development 
of spinal canal stenosis. Adolescents with mucopolysac-
charide type IV and hypoparathyroidism syndrome have 
been reported to develop multi-segmental tandem steno-
sis, as demonstrated by Mut et al. [31]and Lindert et al. 
[32]. Therefore, it is imperative for clinicians to to exer-
cise meticulous discernment and differentiate between 
various causes when diagnosing TCTS.

Missed diagnosis for TCTS
The overall incidence of missed diagnosis of TCTS was 
found to be 7.2%, with a range from 4.4 to 25%, based 
on the studies included in the analysis. Importantly, all 
missed segments were identified in the thoracic spine. 
Thoracic spinal stenosis is relatively uncommon due to its 
steadier biomechanical characteristics when compared to 
cervical or lumbar spine [33]. Patients with TCTS may 
experience successive or concurrent indications induced 
by cervical or thoracic spinal stenosis [34], leading to a 
complex interplay of symptoms and signs. Notably, cer-
vical myelopathy and thoracic spinal cord compression 
share similarities in the presentation of symptoms pri-
marily because both conditions involve upper motor neu-
ron dysfunction [10, 19, 20, 22]. Consequently, cervical 
myelopathy can obscure the symptoms of thoracic spi-
nal cord compression, rendering it challenging to diag-
nose without proper evaluation. In addition, multi-level 
involvement is the characteristic feature of thoracic OLF 
[23], with the lower thoracic spine and thoracolumbar 
joint serving as predisposing sites [35–37]. Neglecting 
the lesions in the middle and lower thoracic spine is a risk 
if only the cervical spine is evaluated. Furthermore, It’s 
worth noting that the preoperative duration of thoracic 

Table 2 Characteristics of studies evaluating miss diagnosis of tandem cervical and thoracic stenosis
Study Study 

period
Study
design

Level of 
evidence

Study
population

Total 
study 
N

Miss 
diag-
nosis 
N

Stenosis pat-
tern of miss 
diagnosis

Outcome of study

Sun
el at.

1994-2001 Case 
control

III CSM+T OLF 35 6 T OLF 75% of those who meet the upper limb function 
score composition ratio > 36% and bladder function 
score ≤ 2 points are thoracic OLF combined with CSM

Zhou
el at.

1987-1993 Retrospec-
tive Case 
Series

IV C OPLL 318 14a T OLF There is a high possibility of cervical OPLL combined 
with thoracic OLF when it shows continuous cervical 
OPLL, mixed cervical OPLL and DISH disease involving 
multiple segments.

Sun
el at.

1991-2003 Retrospec-
tive Case 
Series

IV T OLF 
+CSM

40 7 T OLF When cervical MRI finds OLF in the upper thoracic 
spine, MRI examination of the entire thoracic spine 
should be performed to determine whether OLF 
occurs in the thoracolumbar and middle and lower 
thoracic spine.

Jan-
nelli el 
at.

2015-2018 Retrospec-
tive Case 
Series

IV TSS 8 2 Dorsal 
myelopathy

Electrophysiological techniques can be considered an 
objective and cost-effective tool in the assessment of 
TSS and can improve surgical decision-making.

Total 401 29
CSM cervical spondylotic myelopathy, OLF ossification of ligamentum flavum, OPLL ossification of posterior longitudinal ligament, DISH diffuse idiopathic skeletal 
hyperostosis TSS tandem spinal stenosis
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stenosis was identified as the primary factor affecting 
surgical effectiveness. If the diagnosis is overlooked, the 
prognosis for the surgery may suffer considerably.

The accurate diagnosis of TCTS necessitates a com-
prehensive approach encompassing a thorough medical 
history, physical examination and imaging evaluation. 
Several studies have proposed that specific imaging fea-
tures of the cervical spine, combined with characteristic 
symptoms or signs, can be instrumental in preventing 
missed diagnoses of TCTS. For instance, Sun et al. [27]. 
conducted a clinical study in which they performed MRI 
examinations of the whole-thoracic spine in patients 
exhibiting more severe lower limb dysfunction than 
upper limb dysfunction, or those with relatively intact 
upper limb function but signs of upper motor neuron 
injury with attenuated deep reflexes in both lower limbs. 
This meticulous approach helped in avoiding missed 
diagnoses of TCTS. Furthermore, they observed that 
75% of individuals meeting both the composition ratio 
of upper limb function score > 36% and scores of uro-
cystic function ≤ 2 points were cases with TCTS. Among 
35 patients included, 20 had cervical OPLL (15 with a 
continuous type) and 8 had diffuse idiopathic skeletal 
hyperostosis (DISH), emphasizing the importance of 
considering thoracic OLF in these cases. Another study 
by Zhou et al. [28] recommended patients with cervi-
cal OPLL and DISH undergo a thoracic examination to 
ensure that thoracic OLF was not neglected. Park et al. 
[38]. conducted a retrospective study and found C7-T1 
anterior epidural stenosis at the disc level as a predictor 
of thoracic stenosis. In addition, it should be noted that 
lower extremity symptoms are frequently exacerbated 
after cervical decompression if TCTS is originally mis-
diagnosed, necessitating further examination of the tho-
racic spine to prevent a ecurrence of missed diagnosis 
[19].

Operative management for TCTS
Operative intervention has been demonstrated to be an 
effective treatment option for TCTS, with conservative 
therapy potentially prolonging the course and risking dis-
ease aggravation. Nevertheless, an ongoing controversy 
persists regarding the choice between one-staged com-
bined operation and staged operation as potential surgi-
cal interventions for TCTS.

One-staged combined operation
The advantages of one-staged combined operation con-
sist of single hospitalization and anesthesia, which 
reduces hospital stays and lowers expenditures. However, 
it’s important to note that the increased intraoperative 
blood loss and prolonged operation length may elevate 
the probability of postoperative complications. Hu et al. 
[9]. investigated patients with tandem stenosis of cervical 

and upper-middle thoracic spine who underwent one-
staged operation and found that it could provide a favor-
able prognosis of neurological function. However, it was 
observed that postoperative complications were more 
likely to occur in this group. In another study of Hu et al. 
[10]. , they concluded that patients with adjacent stenotic 
lesions could benefit from one-staged decompression; 
However, one-staged group experienced a higher inci-
dence of dural tears compared to the two-staged group. 
Chen et al. [8]. conducted one-staged combined opera-
tion on patients with TCTS and observed that periopera-
tive complications and progression of tandem ossification 
were associated with reduced patient satisfaction scores. 
Consequently, detailed communication with patients 
before surgery is deemed necessary. In a comparative 
study by Zhao et al. [14]. involving patients with tandem 
upper thoracic spinal stenosis and multi-segmental cer-
vical spinal stenosis who underwent either one-staged or 
staged surgery, it was suggested that one-staged surgery 
resulted in greater short- and long-term improvement 
of neurological function compared to the staged opera-
tion, along with reduced hospitalization costs. Liao et 
al. [24] discovered that one-staged decompression could 
result in a satisfactory recovery of neurological func-
tion, but perioperative complications and ossification 
progression dramatically reduced patient satisfaction. 
In the treatment of thoracic OLF with CSM, Sun et al. 
[19]. compared one-staged and two-staged operation and 
showed that two-staged operation had a lower accept-
able and outstanding rate than the one-staged operation 
did. Patients with simultaneous upper thoracic OLF and 
CSM are advised to receive one-staged decompression 
therapy. In the analysis of patients with TCTS, Chen et 
al. [20]. put forward one-staged surgery should be taken 
into consideration if the OLF was in the upper thoracic 
spine. Li et al. [23]. performed one-staged decompression 
on patients with upper thoracic OPLL complicated with 
cervical OPLL. They believed that one-staged decom-
pression can streamline the produce and lead to extraor-
dinary therapeutic results. Yao et al. [39]. conducted a 
study comparing the clinical effectiveness of one-staged 
and staged posterior decompression in the treatment 
of upper thoracic spinal stenosis coupled with multi-
segmental cervical spine stenosis, suggesting that both 
one-staged and staged posterior decompression can pro-
duce positive clinical results, but one-staged operation 
has greater therapeutic efficacy than staged operation. 
In conclusion, one-staged combined operation emerges 
as an appropriate treatment option for patients with 
adjacent segmental stenosis, particularly for those with 
upper thoracic spinal stenosis concomitant with cervi-
cal spinal stenosis. Nevertheless, when confronted with 
a patient grappling with pronounced neurological afflic-
tions in both the upper and lower extremities, devoid of 
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manifest surgical contraindications, contemplation of 
one-staged operative intervention becomes tenable. It is 
imperative, however, to underscore that one-staged oper-
ation is associated with prolonged operative durations 
and heightened intraoperative perils. Moreover, it bears 
a heightened propensity for postoperative complications 
and the potential emergence of novel stenotic conditions 
at alternative levels, thereby attenuating patient satis-
faction. Hence, a meticulous assessment of the holistic 
health status of each patient, coupled with comprehen-
sive communication, is imperative prior to embarking on 
any surgical intervention. Ensuring sufficient postopera-
tive management of complications further assumes para-
mount importance in the pursuit of optimal outcomes.

Two-staged operation
Two-staged operations exhibit the potential to diminish 
the incidence of complications by virtue of their reduced 
invasiveness. However, in certain cases, postoperative 

symptoms may not be relieved or even aggravated, neces-
sitating additional hospitalization and contributing to 
a rise in medical expenditures. Sun et al. [19]. observed 
that patients manifesting severe symptoms in the lower 
extremities and mild symptoms in the upper extremities 
were advised to undergo thoracic spinal decompression 
as the initial step. However, the interval between staged 
operations did not become excessively protracted. In the 
study conducted by Chen et al. [20]. , focusing on patients 
with cervical OPLL or CSM complicated by thoracic 
OLF, the conclusion was drawn that in cases of concur-
rent severe cervical and thoracic compression, cervical 
decompression should take precedence. However, if the 
symptoms in the lower extremities were more severe than 
in the upper extremity, thoracic decompression should 
be done initially. Ma et al. [25]. in their investigation into 
cervical, thoracic, and lumbar degenerative diseases, pos-
ited that surgical intervention should be directed to the 
region exhibiting the most severe clinical symptoms and 

Fig. 2 Flow-chart of diagnosis and treatment algorithm. OPLL, ossification of posterior longitudinal ligament; DISH, diffuse idiopathic skeletal hyperos-
tosis; TM, thoracic myelopathy; CM, cervical myelopathy; MRI, Magnetic Resonance Imaging; The upper extremity score and bladder function score were 
derived from the Japanese Orthopedic Association(JOA) Spinal Cord Function Score. The upper extremity score is the sum of the upper extremity motor 
and sensory function scores.Upper extremity function composition ration = the upper extremity score/total JOA Spinal Cord Function score
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conspicuous spinal cord compression. They emphasized 
the inadvisability of relying solely on imaging findings to 
guide treatment decisions. For patients in compromised 
health or presenting with comorbidities such as diabe-
tes, the suggestion is to conduct surgery initially in the 
proximal segment, with subsequent surgery in the distal 
segment three to six months later. Additionally, staged 
surgery is warranted when more than three adjacent seg-
ments of lesions are present. In summary, staged sur-
gery confers significant advantages in minimizing undue 
trauma, particularly benefiting frail patients who may not 
withstand prolonged surgical procedures. When deter-
mining the sequence of decompression, it is paramount 
to prioritize the region displaying the most severe symp-
toms. For example, if the lower extremities exhibit more 
severe symptoms than the upper extremities, initiating 
with thoracic decompression is recommended. However, 
in cases where patients experience severe symptoms in 
both the upper and lower limbs, cervical decompres-
sion should take precedence. Nonetheless, it is crucial 
to monitor patients’ neurological function recovery con-
stantly after the operation. If symptoms fail to ameliorate 
or worsen post-surgery, further decompression is advised 
for any residual stenosed segments.

Diagnosis and surgery algorithm
Cervical spondylosis manifests with increasing preva-
lence in our contemporary society, and it possesses the 
proclivity to adeptly obfuscate the symptoms and signs 
associated with thoracic spinal canal stenosis. This may 
precipitate the erroneous categorization of individuals 
afflicted with thoracic canal stenosis as exclusively pos-
sessing cervical disorders. The clinical fraternity fre-
quently disregards other facets of the spine, particularly 
the thoracic spine, subsequent to the identification of a 
cervical lesion through MRI. In light of these consider-
ations, we conducted a systematic evaluation of the exist-
ing literature, formulating an algorithm for the diagnostic 
and surgical treatment of TCTS according to its symp-
toms and imaging characteristics (Fig. 2).

Conclusion
In actuality, the incidence of TCTS is not as low as 
expected, primarily owing to the potential for missed 
diagnosis. A meticulous scrutiny of physical examina-
tions and imaging becomes imperative when assessing 
individuals afflicted with myelopathy. Following diag-
nosis, conservative treatment seldom works while sur-
gery frequently does. There are pros and cons to either 
one-staged or two-staged surgery, but both demonstrate 
comparable long-term outcomes. The optimal treatment 
plan should be selected based on the patients’ individual 
circumstances.

Abbreviations
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