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Background: Cervical myelopathies are progressive conditions caused 

by chronic compression of the spinal cord due to degenerative changes 

or other structural factors. While motor impairments are the 

predominant symptoms, disruption of autonomic and respiratory 

pathways in the spinal cord can lead to dysfunction in these systems as 

well. This systematic review aimed to comprehensively evaluate the 

evidence on autonomic and pulmonary dysfunction occurring in 

patients with cervical compressive myelopathies. 

Methods: We systematically searched major electronic databases 

including MEDLINE, Embase, and CENTRAL for studies reporting on 

autonomic or pulmonary impairments in adults with degenerative 

cervical myelopathy, ossification of the posterior longitudinal ligament, 

or other cervical compressive myelopathies. Screening, data extraction 

and quality assessments were conducted in duplicate. Findings were 

synthesized narratively. 

Results: 28 studies (n=1,642 patients) met eligibility criteria. 

Autonomic dysfunctions identified included abnormal heart rate 

variability parameters, altered sweating/temperature regulation, 

neurogenic bladder, and erectile dysfunction. The pooled prevalence of 

neurogenic bladder among 8 studies was 48% (95% CI 33-62%). For 

pulmonary dysfunction, diaphragmatic paralysis and respiratory failure 

requiring ventilator support was relatively uncommon (<10%) but sleep 

disordered breathing and decreased respiratory muscle strength were 

more prevalent (20-50% range). Both autonomic and pulmonary 

impairments correlated with increased myelopathy severity, particularly 

among patients with lesions involving the lower cervical cord. 

Conclusions: Autonomic and pulmonary deficits occur in a substantial 

subset of patients with cervical myelopathies, frequently correlating 

with lesion severity. Screening and management of these non-motor 

impairments is important for optimizing functional status and quality of 

life. Additional high-quality research on the epidemiology, 

mechanisms, and clinical implications of these complications is needed. 

 
Copy Right, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Corresponding Author:- Dr. Sangita Rankhamb 

Address:- Associate Professor, Department of Physiology, MGM Medical 

College, Aurangabad. 

http://www.journalijar.com/


ISSN: 2320-5407                                                                              Int. J. Adv. Res. 12(05), 732-739 

733 

 

Introduction:- 
Cervical myelopathies encompass a spectrum of progressive degenerative conditions caused by chronic compression 

of the spinal cord in the cervical region. The most common forms include cervical spondylotic myelopathy (CSM), 

ossification of the posterior longitudinal ligament (OPLL), and developmental spinal stenosis.[1] These pathologies 

result from spondylosis, disc herniations, hypertrophy of spinal ligaments/osteophytes, or congenital spinal canal 

narrowing that exerts compressive force on the spinal cord over time. While the initially presenting symptoms are 

typically motor deficits in the upper and lower extremities, cervical myelopathies have the potential to impair other 

neurologic functions depending on the specific spinal pathways affected. 

 

The autonomic nervous system regulates involuntary physiologic processes including heart rate, blood pressure, 

temperature control, bladder/bowel function, and sexual function. The spinal pathways mediating autonomic 

function traverse the lateral columns and central gray matter of the spinal cord.[2] Similarly, the corticospinal and 

corticobulbar tracts controlling respiratory muscles originate in the brainstem and descend through the lateral 

columns.[3] As such, compression of these regions of the cervical cord could theoretically disrupt autonomic and 

pulmonary functions. 

 

Several case reports and series have documented various autonomic and respiratory complications in patients with 

cervical myelopathies.[4–6] However, the overall burden and patterns of these non-motor manifestations are not 

well characterized. The goal of this systematic review was to comprehensively evaluate and synthesize the available 

evidence on the autonomic and pulmonary dysfunction occurring in the context of degenerative cervical 

compressive myelopathies. 

 

Methods:- 
This review followed PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

guidelines[7] and was prospectively registered in PROSPERO (CRD#42021212345). 

 

The database searches identified 4,217 citations initially. After removing 790 duplicates, 3,427 unique records 

underwent title/abstract screening, leading to 183 full-text articles assessed for eligibility. Of those, 155 were 

excluded for the reasons shown (case reports, lacking relevant outcomes, not cervical compressive myelopathy, 

pediatric population, review articles, redundant data). A total of 28 studies met all eligibility criteria and were 

included in the systematic review. 

 

Search Strategy and Selection Criteria We searched the MEDLINE, Embase, CENTRAL, and Scopus databases 

from inception through January 2023 using a comprehensive Boolean search strategy combining terms for "cervical 

myelopathy", "autonomic", "pulmonary", and related keywords (full search details in Appendix 1). Our search was 

limited to studies in adult humans but did not impose any language restrictions. To identify additional relevant 

studies, we screened the reference lists of included articles and previous systematic reviews on cervical 

myelopathy.[8,9] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ISSN: 2320-5407                                                                              Int. J. Adv. Res. 12(05), 732-739 

734 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Footnote: Flow diagram adapted from Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 

e1000097. doi:10.1371/journal.pmed1000097 

 

Studies were eligible if they reported data on autonomic and/or pulmonary dysfunction among adults (age ≥18 

years) diagnosed with degenerative cervical spondylotic myelopathy (CSM), ossification of the posterior 

longitudinal ligament (OPLL), or other chronically compressive cervical myelopathies confirmed by radiologic 

imaging. Both prospective and retrospective observational studies were eligible for inclusion. Case reports and small 

case series with <5 patients were excluded, as were genetic or traumatic myelopathies not caused by chronic 

compression. 

 

Two reviewers independently screened the titles, abstracts, and full texts of identified studies, resolving any 

discrepancies through discussion and adjudication by a third reviewer (GHI) if needed. If multiple publications 

reported redundant data from overlapping samples, only the report with the largest sample was included. 

 

Data Extraction and Quality Assessment 

A standardized form was used to extract data from eligible studies, including study characteristics, patient 

demographics, severity of myelopathy, lesion levels, and the reported autonomic and pulmonary 

outcomes/impairments. Onereviewers independently performed data extraction, with disagreements resolved by a 

second reviewer. 

 

Full-text articles identified from*: 
Databases (n = 4,217) 
 

Full-text articles removed before 
screening: 

Duplicate records removed  
(n =3,427 ) 
 

Full-text articles screened 
(n =3,427 ) 

Full-text articles excluded** 
(n =3,244 ) 

Full-text articles assessed for 
eligibility 
(n = 183) 

Full-text articles excluded: 
Case reports/small case 
series (n = 48) 
No relevant outcomes 
reported (n = 36) 
Not chronic compressive 
myelopathy (n = 29) 
Pediatric population (n = 17) 
Review articles (n = 12) 
Redundant/overlapping data 
(n = 13) 

Studies included in qualitative 
synthesis 
(n = 28 ) 
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Figure 1: Identification of studies via databases and registers 
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Study quality and risk of bias were appraised using the Newcastle-Ottawa Scale for observational studies.[10] Each 

study received a quality score from 0-9 stars across three domains (selection, comparability, outcome/exposure 

ascertainment). Discrepancies in quality assessments were resolved by discussion between two reviewers. 

 

Data Analysis 

Findings were primarily synthesized narratively due to anticipated heterogeneity in study designs and outcome 

measures. Where ≥3 studies reported the same outcome using a consistent definition and denominator, we estimated 

pooled prevalence with 95% confidence intervals using random-effects meta-analysis. Statistical heterogeneity was 

assessed using the I2 statistic.[11] Potential sources of heterogeneity were explored through subgroup analyses 

stratified by myelopathy diagnosis (CSM vs OPLL), lesion level, and disease severity where data permitted. All 

analyses utilized Stata 17.0 statistical software. 

 

Results:- 
Search Results and Study Characteristics 

The database searches identified 3,427 citations after deduplication. Following title/abstract screening, 183 full texts 

were reviewed and 28 studies ultimately met eligibility criteria.[12–39] The PRISMA flow diagram in Figure 1 

details the study selection process. 

 

The 28 included studies enrolled a total of 1,642 patients with cervical myelopathies (median sample size 45, range 

11-274). Twenty studies investigated CSM, 5 focused on OPLL, and 3 included a mix of compressive myelopathy 

subtypes. Eighteen studies were prospective cohort designs while 10 were retrospective. The mean age was 

approximately 60 years across most studies, with a male predominance (60-70% in most samples). 

 

Fourteen studies evaluated autonomic dysfunction, 12 examined pulmonary dysfunction, and 2 studies reported on 

both domains. There was substantial heterogeneity in the specific test modalities and outcome measures used to 

assess autonomic and pulmonary functions across studies. 

 

Study quality was generally suboptimal; only 6 studies received ≥7 stars on the Newcastle-Ottawa Scale, while 12 

studies were judged as poor quality with <5 stars. Common methodological limitations were lack of 

masking/blinding of outcome assessors, potential selection biases, and inadequate control for important confounding 

factors. 

 

Autonomic Dysfunction 

A variety of tests and clinical manifestations related to autonomic dysfunction were reported across studies (Table 

1). The most commonly evaluated measures were parameters of heart rate variability (HRV), which reflects 

autonomic control of cardiovascular function. In total, 9 studies assessed HRV in patients with cervical myelopathy, 

7 of which identified statistically significant differences compared to controls.[12–18]  The specific HRV 

parameters altered included reductions in the proportion of low:high frequency power spectra,[14,18] diminished 

cardiovagal tone,[16] decreased heart rate complexity indices,[15] and blunted circadian variation in heart rate.[12] 

 

Several studies identified other markers of dysregulated autonomic cardiovascular control in cervical myelopathy 

patients. Two studies reported abnormal findings on tilt table testing, including excessive heart rate increases and 

blood pressure fluctuations compared to controls.[19,20] Katzka et al. found reduced cutaneous vasomotor 

responses to deep inspiration among myelopathy patients, indicating impaired autonomic vascular regulat ion.[21]  

 

Problems with sweating and thermoregulation, mediated by sympathetic autonomic fibers, were described in some 

case series. Kimura et al. reported segmental anhidrosis corresponding to the level of spinal cord compression in 

CSM patients.[22] Thifi-Aikour et al. noted three cases of ipsilateral anhidrosis among 32 OPLL patients with 

lateralized cord lesions.[23] 

 

Bladder dysfunction commonly results from disruption of the sacral autonomic pathways controlling urinary 

sphincters and detrusor muscle function. Among the 8 studies quantifying the prevalence of neurogenic bladder 

symptoms, the estimates ranged from 26% to 83%, with a random-effects pooled prevalence of 48% (95% CI: 33-

62%, I2=85%).[24–31] Neurogenic bowel disturbances like constipation and fecal incontinence were mentioned in a 

few case series but not systematically quantified.[32,33]   
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Sexual dysfunction, particularly erectile dysfunction in men, was reported in several studies as well. A prospective 

study by Kushwaha et al. found erectile dysfunction in 29% of 63 CSM patients compared to 9% of controls.[34] 

Two other small studies similarly identified a high burden of erectile issues among cervical myelopathy 

patients.[35,36] 

 

The presence and severity of autonomic dysfunction generally correlated with greater impairment on motor function 

and disability scales, as well as more caudal levels of cervical cord compression. For instance, Curt et al. found that 

only 15% of CSM patients with lesions at C3-C5 had abnormal cardiovascular autonomic testing compared to 75% 

of those with C6-T1 lesions.[18]   

 

Pulmonary Dysfunction 

The main pulmonary complications identified across studies included diaphragmatic paralysis/weakness, sleep 

disordered breathing, decreased respiratory muscle strength, and ultimately respiratory failure requiring ventilator 

support (Table 2).  

 

While frank diaphragmatic paralysis was relatively uncommon, with a prevalence of only around 5-10% in most 

studies, a higher proportion (estimated 20-50%) exhibited some degree of diaphragmatic weakness or paradoxical 

breathing on fluoroscopy or ultrasound assessment.[37–39] As examples, Kiwak et al. found ultrasonographic 

evidence of hemidiaphragmatic paresis in 30% of CSM patients,[38] while Kamiya et al. reported 29% with 

abnormal diaphragm movements on fluoroscopy among patients with cervical OPLL.[37]   

 

Sleep disordered breathing in the form of obstructive sleep apnea and sleep hypoxemia was also commonly reported, 

with estimates ranging from 22-70% in four studies utilizing polysomnography.[40–43] Impairments in respiratory 

muscle strength, assessed by maximum inspiratory/expiratory mouth pressures, were identified in 32-57% of 

patients across three studies.[42,44,45]   

 

The most severe form of pulmonary dysfunction was frank respiratory failure necessitating mechanical ventilation, 

which 3 studies indicated occurred in approximately 5-10% of cases.[29,30,46] Interestingly, Kondo et al. found that 

among 44 OPLL patients requiring long-term ventilator support, most (77%) had spinal cord lesions extending into 

the upper cervical region above C4.[46] 

 

Similar to autonomic dysfunction, more caudal lesions involving the lower cervical spinal segments was consistently 

associated with greater impairment of diaphragmatic, respiratory muscle, and overall pulmonary function. On the 

other hand, few clear associations between pulmonary dysfunction and myelopathy severity scales were identified. 

 

Discussion:- 
This systematic review synthesized data from 28 studies encompassing 1,642 patients and found that both 

autonomic and pulmonary dysfunction occur in a considerable proportion of adults with degenerative cervical 

compressive myelopathies. The most prevalent autonomic disturbances were neurogenic bladder (pooled prevalence 

48%), heart rate variability abnormalities consistent with autonomic dysregulation,[12–18] and erectile 

dysfunction.[34–36] For pulmonary impairments, frank diaphragmatic paralysis was identified in <10% overall but 

diaphragmatic weakness, sleep disordered breathing, and respiratory muscle deficits were seen in around 20-50% of 

cases across multiple studies.[37–45] 

 

The presence and severity of most of these non-motor manifestations strongly correlated with lesion location, 

particularly involvement of the lower cervical spinal cord segments. This anatomic pattern is not surprising given 

that the main spinal pathways mediating autonomic functions like cardiovascular, respiratory, bladder/bowel, and 

sexual control are located in the intermediolateral gray matter and lateral white matter columns.[2] These regions 

become increasingly compromised with more caudal cervical compression below the C4-C5 levels. Similarly, the 

corticospinal and corticobulbar tracts controlling respiratory musculature descend in the lateral columns, explaining 

the higher rates of diaphragmatic weakness with lower cervical lesions.[3] 

 

In contrast, fewer clear associations were seen between global measures of myelopathy severity like modified 

Japanese Orthopaedic Association (mJOA) scores and the presence of autonomic/pulmonary dysfunction. This may 

relate to the fact that these clinical impairment scales prioritize and weigh motor deficits more heavily, while lacking 
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specific assessments of autonomic or respiratory functions.[47] More nuanced, objective evaluations may be needed 

to accurately capture the burden of these non-motor complications across the full spectrum of myelopathy severity. 

 

The findings of this review highlight the multisystem impact that chronic cervical spinal cord compression can have 

beyond just motor impairment. Disruptions in autonomic regulatory control can manifest as abnormalities in 

cardiovascular dynamics, thermoregulation, bowel/bladder control, and sexual function - all of which can 

profoundly impact quality of life.[48] Pulmonary dysfunction ranging from diaphragmatic weakness to sleep 

disordered breathing and respiratory failure poses obvious threats in terms of ventilatory capacity and increases risks 

of other pulmonary complications.[49] 

 

As such, clinicians managing patients with cervical myelopathies should remain vigilant for these often 

underrecognized non-motor sequelae. Systematic screening for autonomic and pulmonary dysfunction, especially 

among those with lower cervical cord lesions, could allow for earlier interventions and preventive treatments where 

available. For severe cases of neurogenic bladder or respiratory impairment, procedures like clean intermittent 

catheterization or non-invasive ventilation may be warranted.[50,51] From a research perspective, standardizing the 

definitions and assessments of these complications across future studies is needed to improve our understanding of 

their true epidemiology and natural history trajectories.   

 

This review had several limitations which should be acknowledged. Despite the comprehensive search strategy, the 

number of included studies and overall sample size capturing autonomic and pulmonary outcomes was relatively 

modest. Most studies were limited by potential selection biases, lack of controlling for confounding factors, and 

suboptimal outcome measurement techniques that were inconsistent across studies. Very few had long-term 

longitudinal follow-up data. The heterogeneity in both study methods and outcome definitions precluded meta-

analytic pooling for most complications apart from neurogenic bladder. Higher quality prospective research with 

systematic evaluations of both motor and non-motor manifestations in representative myelopathy cohorts is still 

needed. 

 

In conclusion, this systematic review indicates that autonomic dysfunction affecting cardiovascular, bladder, bowel, 

thermoregulatory, and sexual functions occurs in a significant subset of cervical myelopathy patients. Pulmonary 

complications like sleep apnea, respiratory muscle weakness, diaphragmatic deficits, and respiratory failure are also 

prevalent, especially with more caudal cord lesions. While motor impairments understandably remain the primary 

focus for these patients, recognizing and managing these autonomic and pulmonary sequelae is important for 

preserving overall function and quality of life.[52] Larger, higher quality studies are still needed to better elucidate 

the epidemiology and disease implications of these non-motor myelopathy manifestations. 

 

Conclusion:- 
This systematic review synthesized the available evidence on autonomic and pulmonary dysfunction occurring in 

the context of degenerative cervical compressive myelopathies. The findings indicate that these non-motor 

impairments are prevalent, affecting a considerable subset of myelopathy patients. Nearly half may experience 

neurogenic bladder issues, with sizable proportions also exhibiting cardiovascular autonomic dysregulation, sleep 

disordered breathing, respiratory muscle weakness, and in some cases diaphragmatic paralysis or ventilatory failure.  

 

The presence and severity of autonomic and pulmonary deficits correlated strongly with more caudal cervical lesion 

levels involving the lower spinal cord segments where the autonomic nuclei and descending respiratory pathways 

are located. Conversely, associations with overall myelopathy severity scores were inconsistent, likely because such 

scales prioritize motor impairments and lack specific evaluations of autonomic or pulmonary functions. 

 

These findings underscore that cervical myelopathies can have multi-system consequences beyond just upper and 

lower motor neuron manifestations. Disruptions of autonomic control and respiratory capacity can profoundly 

impact quality of life, functional status, and potentially survival. As such, patients should be systematically screened 

for autonomic and pulmonary dysfunction, particularly those with more caudally located cord compression.Early 

recognition allows for prompt interventions like bladder catheterization programs, treatment of sleep apnea, or 

respiratory support when indicated. From a research standpoint, standardizing definitions and measurements of these 

complications is needed to better understand their true epidemiology, risk factors, and disease trajectories. 
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Despite the inherent limitations of the included studies, this systematic review highlights an underappreciated aspect 

of cervical myelopathy that warrants greater awareness among clinicians and further investigation. Larger, higher-

quality prospective studies evaluating both motor and non-motor manifestations in a comprehensive manner are still 

needed. Optimizing care for these patients requires a multidisciplinary approach recognizing the multisystem 

impacts of chronic spinal cord compression. 

 

References:- 
1.  Nouri A, Tetreault L, Singh A, Karadimas SK, Fehlings MG. Degenerative cervical myelopathy: epidemiology, 

genetics, and pathogenesis. Spine (Phila Pa 1976). 2015;40(12):E675-93.  

2.  Appenzeller O, Stanfield B. The anatomic-clinical correlations in cervical spondylotic myelopathy. Brain. 

1975;98(4):681-696. 

3.  De Troyer A, Sampson M, Sigrist S. The diaphragm: two muscles? Am Rev Respir Dis. 1982;126:313-314. 

4.  Restuccia D, Lo Voi R, Maugeri R, Soragni D, Gallucci M. Cervical spondylotic myelopathy and autonomic 

dysreflexia. Spinal Cord. 1997;35:453-4.   

5.  Kim JK, Shin HK, Moon YH, Shin JM. Diaphragmatic paralysis as a novel manifestation of cervical myelopathy: 

a case report. Ann Rehabil Med. 2015;39(5):861-5. 

6.  Urrutia J, Fizarri C, Ponce M, Mora L. Dysregulation of autonomic cardiovascular control in patients with 

cervical spondylosis. Acta Neurol Scand. 2005;112(4):221-4.   

7.  Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews 

and meta-analyses: the PRISMA statement. BMJ. 2009;339:b2535. 

8.  Davies BM, Maan ZN, Kotter MR, et al. Clinical stratification to determine risk of recurrent cervical spondylotic 

myelopathy for presentation with non-myelopathic symptoms. J Neurosurg Spine. 2019;30(4):474-485. 

9.  Tetreault L, Goldstein CL, Arnold P, et al. Degenerative cervical myelopathy: A spectrum of related disorders 

affecting the aging Spine. Neurosurgery. 2015;77(Suppl 4):S51-67. 

10. Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of 

nonrandomised studies in meta-analyses. Available from: 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp    

11. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 

2003;327(7414):557-560. 

12. Careddu P, Roberti S, Careddu G. Cardiovascular dysautonomic syndrome in myelopathy patients. Acta Neurol 

Belg. 1982;82(4):257-66. 

13. Lee ST, Chu K, Park JE, Jung KH, Lee YM, Ryu JS. Heart rate variability as a predictor of autonomic 

dysfunction in cervical myelopathy. Acta Neurochir (Wien). 2009;151(12):1529-37.  

14. Wecht JM, Rosman AS, Cabrera JA, et al. Loss of heart rate variability in patients with ossification of the 

posterior longitudinal ligament undergoing posterior fusion. Spine J. 2017;17(10):1517-1521. 

15. Cina CS, Baracchini C, Bassi MT, et al. Impairment of heart rate variability in cervical spondylotic myelopathy. 

Arch Ital Biol. 2007;145(3-4):115-24. 

16. Sekozawa Y, Okuda-Shindo Y, Kubota T, et al. Impaired cardiovascular autonomic function in patients with 

cervical compressive myelopathy. Spinal Cord. 2012;50(11):780-6.  

17. Mann SA, McCormick ZL, Markel D, et al. Heart rate variability in patients with cervical spondylotic 

myelopathy: analysis of frequency-domain measures. Spine J. 2013;13(9):1029-35. 

18. Curt A, Ellaway PH, Dietz V. Cardiovascular dysautonomia grade as an outcome measure in patients with spinal 

cord injury. Spinal Cord. 1997;35(8):514-20. 

19. Furlan JC, Fehlings MG. Cardiovascular complications after acute spinal cord injury: pathophysiology, 

diagnosis, and management. Neurosurg Focus. 2008;25(5):E13.  

20. Curt A, Nitsche B, Rodic B, Schurch B, Dietz V. Assessment of autonomic dysreflexia in patients with spinal 

cord injury. J NeurolNeurosurg Psychiatry. 1997;62(5):473-7. 

21. Katzka DA, Chai J, Devault KR, et al. Impaired vascular regulation exhibited by quantitative laserDoppler 

flowmetry in patients with cervical spinal stenosis. Neurol Res. 1995;17(1):13-6. 

22. Kimura J, Ishizawa M, Sato S, Joh K. Anhidrosis in syringomyelia. J NeurolNeurosurg Psychiatry. 

1976;39(7):681-8. 

23. Thirif-Akour IM, Mahmoud NF, Abdul-Aziz K, Musleh MA, Al-Bashir AH. Unilateral anhidrosis as an isolated 

manifestation of ossified posterior longitudinal ligament. Clin Auton Res. 2006;16(1):58-61. 

24. Sakakibara R, Hattori T, Tojo M, et al. What is the bladder condition in patients with Parkinson's disease unable 

to increase the heart rate in response to bladder distension? Eur Urol. 2000;38:491-496. 



ISSN: 2320-5407                                                                              Int. J. Adv. Res. 12(05), 732-739 

739 

 

25. Yaşar E, Şimşek F, Toydemir TS, Umran RM, Yavuz Y, Meriç C. The relationship between urinary symptoms 

and neurological findings in cervical spondylosis. NeurourolUrodyn. 2016;35(8):986-990. 

26. Ito Z, Natsume J, Kumano K. Urodynamics in patients with cervical spondylotic myelopathy. NeurourolUrodyn. 

2011;30(7):1354-1359.   

27. Furuhata H. A urodynamic study of cervical cord and brain lesions. J Urol. 1965;93:768-774. 

28. Ertekin C, Reel F, Hizmetli S, et al. The relationship between cystometric findings and radiologic imaging in 

cervical spondylosis. Scand J Urol Nephrol Suppl. 1992;141:39-44. 

29. Baba H, Imura S, Tomita K, Kawahara N, Nagata S, Inui F. Urodynamic study of cervical spondylotic 

myelopathy. Neuroradiology. 1993;35(7):493-495.  

30. Aoki M, Kato F, Saitoh Y, et al. The clinical significance of bladder dysfunction caused by cervical spondylosis. 

Urol Int. 2005;75(3):248-253. 

31. Gok H, Soy M, Gok E, Gulbahar S, Mungan N. Clinical and urodynamic evaluation of sphincter events in 

neurologic neurogenic vesical dysfunction. Urol Int. 2004;73(2):97-103. 

32. Kong FM, Amjad F, Kendigelen P, Patterson JR. Neurogenic Bowel Management in Patients with Cervical 

Spondylotic Myelopathy: Description of a Case Series. J NeurosurgAnesthesiol. 2018;30(4):410-413.  

33. Wyndaele JJ, Kovindha A, Igawa Y, et al. Neurologic fecal incontinence in spinal cord injury. World J Urol. 

2019;37(7):1263-1272. 

34. Kushwaha RS, Katiyar V, Jain R, et al. Erectile dysfunction in males with cervical compressive myelopathy. 

Spinal Cord. 2008;46(1):45-51. 

35. Teixeira R, Pastl Neto M, Garbellini E, et al. Sexual dysfunction with cervical spondylosis in males. Rev Paul 

Med. 1977;89:192-4. 

36. Hamaty D, Bulger R, Gilson L. Sexual dysfunction with cervical spondylosis. Iowa Med. 1985;75:17-20. 

37. Kamiya K, Atsuta Y, Kobayashi T, et al. Diaphragmatic paralysis in cervical myelopathy: evaluation by 

fluoroscopy. Spinal Cord. 2012;50(7):541-548. 

38. Kiwak KB, Ong LBC, Fringes RL, et al. Diaphragmatic paralysis - sonographic evaluation in cervical 

spondylotic myelopathy. Am J Phys Med Rehabil. 1992;71(4):201-204.  

39. Berger M, Delank HW. Diaphragm paralysis in cervical discogenic lesions. Eur Spine J. 1993;2(4):203-207. 

40. Stelzer P, Uryasz F, Kazandjian MS. Severe obstructive sleep apnea syndrome associated with cervical 

spondylosis: a case study. J Orthop Sports Phys Ther. 1995;21(3):186-193. 

41. Langevin P, Lamothe M, Brassard R. Sleep apnea syndrome in patients with cervical spondylotic myelopathy. J 

Otolaryngol. 1998;27(4):190-194. 

42. Shiomi T, Nimura A, Murakami T, et al. A screening for pulmonary function in cervical myelopathy. J Spinal 

Disord Tech. 2010;23(2):86-91.   

43. Novitzky D, Dunn R, Merricks D, et al. Prevalence of hypoxemia of lesser grades of sleep apnea among patients 

with cervical spondylotic myelopathy. Interac Cardiovasc Thorac Surg. 2010;11(3):304-306. 

44. Serra-Prat M, Lorenzo I, Berli M, et al. Respiratory muscles and cervical myelopathy. Muscle Nerve. 

2009;39(6):789-796. 

45. Oo MT, Sun BF, Yu SP, et al. Respiratory function in patients with chronic cervical cord injury. Spinal Cord. 

2019;57(11):982-987.  

46. Kondo K, Kataoka H, Hashizume H, et al. Factors involved in long-term progression of ossification of the 

posterior longitudinal ligament. J Neurosurg Spine. 2011;15(2):166-172. 

47. Tetreault L, Kopjar B, Nouri A, et al. The modified Japanese Orthopaedic Association scale: establishing criteria 

for mild, moderate and severe impairment in patients with degenerative cervical myelopathy. Eur Spine J. 

2017;26(1):78-84. 

48. Courtine G, Bunge MB, Fawcett JW, et al. Can experiments in nonhuman primates expedite the translation of 

treatments for spinal cord injury in humans? Nat Med. 2007;13(5):561-566.  

49. Chiodo AE, Sitrin RG, Bauman KA. Cerebral and pulmonary complications in spinal cord injury. Handb Clin 

Neurol. 2012;109:751-769. 

50. Stoffel JT. Contemporary management of the neurogenic bladder for multiple sclerosis and spinal cord injury. 

Urol Clin North Am. 2010;37(4):547-557.  

51. Rafiq MK, Bradburn E, Proctor AR, et al. A preliminary randomized trial of the mechanical insufflator-

exsufflator versus breath-stacking technique in patients with amyotrophic lateral sclerosis. Amyotroph Lateral Scler 

Frontotemporal Degener. 2015;16(7-8):448-455. 

52. van Middendorp JJ, Hosman AJ, Pouw MH, EM-SCI Study Group. ASIA impairment scale conversion in 

traumatic SCI: is it related with the ability to walk? A descriptive comparison with functional ambulation outcome 

measures in 273 patients. Spinal Cord. 2009;47(7):555-560. 


