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Abstract
Study DesignRetrospective radiographic study.

ObjectivesTo evaluate the characteristics of concurrent degenerative cervical and lumbar spondylolisthesis.

Summary of Literature ReviewConcurrent degenerative cervical and lumbar spondylotic diseases have been reported. Given that severe spondylosis can result in spondylolisthesis, one might expect that concurrent spondylolisthesis of the cervical and lumbar spines might also be prevalent. However, the incidence of spondylolistheses in the lumbar and cervical spines might differ due to anatomical differences between the 2 areas. Nonetheless, there is minimal information in the literature concerning the incidence of concurrent cervical and lumbar spondylolisthesis.

Material and MethodsWe evaluated standing cervical and lumbar lateral radiographs of 2510 patients with spondylosis. Concurrence, age group, gender, and direction of spondylolisthesis were evaluated. Lumbar spondylolisthesis was defined as at least Meyerding grade I and degenerative cervical spondylolisthesis was defined as over 2 mm of displacement on standing lateral radiographs.

ResultsLumbar spondylolisthesis was found in 125 patients (5.0%) and cervical spondylolisthesis was found in 193 patients (7.7%). Seventeen patients had both degenerative cervical and lumbar spondylolistheses (0.7%). Lumbar spondylolisthesis is a risk factor for co-existing cervical spondylolisthesis. Lumbar spondylolisthesis was more common in females than males, independent of advancing age. In contrast, degenerative cervical spondylolisthesis was more common in older patients, independent of gender. Anterolisthesis was more common in the lumbar spine. Retrolisthesis was more common in the cervical spine.

ConclusionsThere was a higher prevalence of degenerative cervical spondylolisthesis in patients with degenerative lumbar spondylolisthesis.
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Introduction
Concomitant cervical and lumbar surgeries for concomitant cervical and lumbar degenerative diseases are not uncommon.1, 2, 3) Jacob et al1) found that in a study population of 200 patients who underwent cervical spine surgery, thirty-one percent required additional surgery in the lumbar spine. The patients who underwent both lumbar and cervical decompressive surgeries had satisfactory results after the operations.2, 3)
Concurrent cervical and lumbar spondylotic diseases have been reported on.4, 5, 6) Severe spondylosis can result in degenerative spondylolisthesis. Since both the cervical and lumbar spines are prone to severe spondylosis, one might expect that concurrent spondylolisthesis of the cervical and lumbar spine might also be prevalent. On the other hand, the incidence of spondylolistheses in the lumbar and cervical spines might differ due to anatomical differences between the two areas. There is minimal information in the literature concerning the incidence of concurrent cervical and lumbar spondylolisthesis. The aim of this study is to identify the incidence of concurrent degenerative cervical and lumbar spondylolistheses and to evaluate the characteristics of the respective spondylolistheses.

Methods
This study was approved by the institutional review board at the institution of the corresponding author (IRB number: 2014-I105). We evaluated the standing cervical or lumbar lateral radiographs of all patients over 50 years old who had neck or back pain or radiating arm or leg pain, from February 2006 to August 2012. Patients with non-degenerative disease (trauma, infection, tumor, deformity, rheumatoid arthritis) or with a history of previous spine surgery in the lumbar and cervical spine were excluded. In addition, we excluded patients with spondylolytic spondylolisthesis in the lumbar spine. We identified 2,510 patients who had both standing cervical & lumbar simple lateral radiographs. There were one thousand one hundred seventeen men and one thousand three hundred ninety-three women. The patients were categorized according to their age group. There were 1,156 subjects in their 50s, 674 in their 60s, 510 in their 70s, 155 in their 80s, and 15 in their 90s. Degenerative lumbar spondylolisthesis was defined as >0% slippage (more than or equal to Meyerding grade I except 0% slippage) on standing lateral radiographs and degenerative cervical spondylolisthesis was defined as greater than 2 mm of displacement on standing lateral radiographs (Fig. 1).7, 8)
[image: Figure F1 ]Fig. 1
Meyerding grading method showing grade II spondylolisthesis of L4.


All statistical analyses were performed with an SPSS version 24.0 for Windows (Chicago, IL, USA). It was considered significant when p was less than 0.05. The Chi-square test or Fisher's exact test were used to analyze the differences of measuring factors on each group according to categorized variables.

Results
Out of 2,510 patients, 125 had degenerative lumbar spondylolisthesis and 193 patients had degenerative cervical spondylolisthesis (Table 1). Seventeen patients had both cervical and lumbar spondylolistheses (0.7%, 17/125 patients with lumbar spondylolisthesis (13.6%) and 17/193 patients with cervical spondylolisthesis (8.8%)). Degenerative lumbar spondylolisthesis was found to be a risk factor for co-existing degenerative cervical spondylolisthesis (lumbar spondylolisthesis odd for cervical spondylolisthesis 17/108, no lumbar spondylolisthesis odd for cervical spondylolisthesis 176/2,209, odds ratio of lumbar spondylolisthesis (17/108)/(176/2,209)=17×2,209/108×176, odds ratio of 1.976, 95% confidence interval of 1.158 to 3.370, p=0.011, Table 1). Likewise, degenerative cervical spondylolisthesis was found to be a risk factor for co-existing degenerative lumbar spondylolisthesis (cervical spondylolisthesis odd for lumbar spondylolisthesis 17/176, no cervical spondylolisthesis odd for lumbar spondylolisthesis 108/2,209, odds ratio of cervical spondylolisthesis (17/176)/(108/2,209)=17×2,209/176×108, odds ratio of 1.976, 95% confidence interval of 1.158 to 3.370, p=0.011, Table 1).
Table 1
Concurrent degenerative lumbar and cervical spondylolisthesis		Cervical spondylolisthesis	No cervical spondylolisthesis	Total
	Lumbar spondylolisthesis	17(0.7%)	108(4.3%)	125(5.0%)
	No lumbar spondylolisthesis	176(7.0%)	2,209(88.0%)	2,385(95.0%)
	Total	193(7.7%)	2,317(92.3%)	2,510(100%)




Lumbar spondylolisthesis was more common in females, with an odds ratio of 2.135 (95% confidence interval of 1.433 to 3.181, p<0.001, Table 2). In contrast, cervical spondylolisthesis had no gender differences (p=0.893, Table 2). The prevalence of degenerative lumbar spondylolisthesis was not different in the different age groups, but cervical spondylolisthesis was more common in older patients (p<0.001, Table 3). Anterolisthesis was more common than retrolisthesis in the lumbar spine (Table 4), whereas retrolisthesis was more common than anterolisthesis in the cervical spine (Table 4). The direction of cervical spondylolisthesis did not correlate with the direction of lumbar spondylolisthesis (Table 4). Degenerative lumbar spondylolisthesis was common at the disc levels of L3/4 and L4/5 and degenerative cervical spondylolisthesis was common at the disc levels of C3/4 and C4/5 (Table 5). The disc levels of L3/4 and L4/5 in degenerative lumbar spondylolisthesis had no correlation with those of C3/4 and C4/5 in degenerative cervical spondylolisthesis (p>0.05, Table 6). None of Meyerding grade II and grade III of degenerative lumbar spondylolisthesis was found in our study population. We found only Meyerding grade I (slippage 1~24%) of degenerative lumbar spondylolisthesis in the study population. It might be due to the study design that we had excluded the patients with spondylolytic spondylolisthesis in the lumbar spine.
Table 2
Degenerative spondylolisthesis according to gender		Lumbar spondylolisthesis	Cervical spondylolisthesis	Subgroup population
	Female	90(6.5%)	108(7.8%)	1,393(100.0%)
	Male	35(3.1%)	85(7.6%)	1,117(100.0%)
	Total	125(5.0%)	193(7.7%)	2,510(100.0%)




Table 3
Degenerative spondylolisthesis according to age		Lumbar spondylolisthesis	Cervical spondylolisthesis	Subgroup population
	50s	45(3.9%)	57(4.9%)	1,156(100.0%)
	60s	42(6.2%)	37(5.5%)	674(100.0%)
	70s	25(4.9%)	64(12.5%)	510(100.0%)
	80s	12(7.7%)	30(19.4%)	155(100.0%)
	90s	1(6.7%)	5(33.3%)	15(100.0%)
	Total	125(5.0%)	193(7.7%)	2,510(100.0%)




Table 4
The direction of degenerative spondylolisthesis according to cervical and lumbar spine		No cervical spondylolisthesis	Cervical anterolisthesis	Cervical retrolisthesis	Total
	No lumbar spondylolisthesis	2,209(88.0%)	37(1.5%)	139(5.5%)	2,385(95.0%)
	Lumbar anterolisthesis	79(3.1%)	5(0.2%)	1(0.0%)	85(3.4%)
	Lumbar retrolisthesis	29(1.2%)	6(0.2%)	5(0.2%)	40(1.6%)
	Total	2,317(92.3%)	48(1.9%)	145(5.8%)	2,510(100%)




Table 5
Degenerative spondylolisthesis according to disc levels		Lumbar spondylolisthesis	Cervical spondylolisthesis
	L1/2	3(2.2%)	
	L2/3	22(15.8%)	
	L3/4	32(23.0%)	
	L4/5	70(50.4%)	
	L5/S1	12(8.6%)	
	C2/3		21(8.7%)
	C3/4		81(33.5%)
	C4/5		87(36.0%)
	C5/6		48(19.8%)
	C6/7		4(1.7%)
	C7/T1		1(0.4%)
	Total	139(100.0%)	242(100.0%)

When there is spondylolisthesis in the multiple disc levels, the disc level with most slippage was chosen for spondylolisthesis.




Table 6
The correlation of the presence of degenerative spondylolisthesis between the disc levels of C3/4, C4/5, and L3/4, L4/5.		C3/4	C4/5
	L3/4	0.903	0.233
	L4/5	0.836	0.509





Discussion
To our knowledge, there has been no study documenting the co-existence of degenerative cervical and lumbar spondylolistheses. The purpose of this study is to identify the incidence and characteristics of concurrent degenerative cervical and degenerative lumbar spondylolisthesis.
Master et al4) evaluated degenerative spondylosis of the cervical and lumbar spines, looking at osteophytes of the endplate and facet joints in an anatomic study of 234 cadaveric specimens. They found that lumbar spondylosis was associated with concurrent cervical spondylosis. Similar to their results, the present study showed that the presence of degenerative lumbar spondylolisthesis is a risk factor for co-existing degenerative cervical spondylolisthesis. While degenerative spondylosis in both the cervical and lumbar spines are associated with advancing age,4, 5, 6) we found that only cervical and not lumbar spondylolisthesis is associated with older age. This suggests that, while spondylosis increases with advancing age, lumbar spondylolisthesis does not. There are a few possible explanations for this. First, it is well known that degenerative lumbar spondylolisthesis is more common in patients in their forties. It may be that lumbar spondylolisthesis is already present at a relatively young age and doesn't appreciably increase with increasing age. Second, spondylosis is not an all-or-none phenomenon so one would expect degenerative changes to worsen with advancing age. In contrast, degenerative listhesis is either present or not. Therefore, if degenerative listhesis has already occurred at vulnerable levels at a relatively young age, further aging may not affect its prevalence. Degenerative lumbar listhesis has also been reported to be more common in female patients.9, 10) We confirmed that there was a higher incidence of degenerative lumbar spondylolisthesis in females, independent of their age.
The patients with degenerative spondylolisthesis had the less lumbar lordosis, greater pelvic incidence, and positive sagittal balance than the normal volunteers.11) The positive sagittal balance was common in the cervical spine of elderly subjects.12) In the elderly patients, the cervical spondylolisthesis was common in the current study. It is a possible explanation that degenerative lumbar spondylolisthesis was found to be a risk factor for co-existing degenerative cervical spondylolisthesis.
Anterolisthesis was more common in the lumbar spine. Retrolisthesis was more common in the cervical spine. Anterolisthesis can only occur if the facets remodel to allow the listhesis. On the other hand, retrolisthesis can occur without facet remodeling, as the disc height decreases. Also, biomechanical forces are likely to play a critical role in the direction of listhesis. This suggests that the biomechanical forces that affect the lumbar listhesis levels, most commonly, L4–5 and L5-S1, tend to cause anterolisthesis. On the other hand, in the cervical spine, the forces acting upon the cervical levels tend to produce retrolisthesis.
Our study has several limitations. First, all patients in this study were symptomatic and were older than 50 years. Thus, there might be a selection bias, and the result may not be applicable to the general population. Second, as a retrospective study, most of the variables were not controlled. Our plan is to perform a prospective study evaluating the same parameters to determine which factors affect the prevalence of concurrent degenerative cervical and lumbar spondylolistheses. Third, we did not evaluate the clinical symptoms and signs associated with spondylolisthesis. Radiologic spondylolisthesis does not always have clinical symptoms and signs. Finally, we included the patients who had neck or back pain or radiating arm or leg pain instead of normal volunteers. Therefore, there is a possible selection bias to make a conclusion that there was a higher incidence of degenerative cervical spondylolisthesis in elderly patients because more cervical symptoms have been reported only in elderly patients. The strengths of the study include the fact that this is the first paper that examined the incidence of concurrent degenerative cervical and lumbar spondylolisthesis. In addition, we examined a large number of subjects (2,510).

Conclusion
To our knowledge, this is the largest series to examine the prevalence of concurrent degenerative spondylolistheses of the cervical and lumbar spines. We found a higher prevalence of degenerative cervical spondylolisthesis in patients with degenerative lumbar spondylolisthesis. We had better watch out for the cervical spine of the old patients with degenerative lumbar spondylolisthesis. Unlike degenerative lumbar spondylolisthesis, which never rises much over a prevalence of 7%, regardless of age, cervical spondylolisthesis becomes more prevalent with age and is common in the elderly.
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Meyerding grading method showing grade II spondylolisthesis of L4.
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