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Abstract

Anterior cervical discectomy and fusion (ACDF) is a commonly preformed procedure used to treat various anomalies of the cervical spine with good to excellent results.  There have been limited results published, however, relating success rates to demographic criteria and different surgical approaches.  A retrospective review of 101 patients following ACDF with a 43-month mean follow-up was preformed.  Thirty-six patients were 60 years of age or older. Thirty-one were between the ages of 50 and 60 years old, and 34 were under 50 years of age.  There were 30 male subjects and 71 females. Twenty-four subjects were tobacco users, while 77 were not.  Eighty-six of the surgeries used allograft bone material and 15 used autograft. Patients completed pre- and post-operative visual analog pain scales (VAS), Oswestry functional capacity evaluations (OSW) and questionnaires regarding their experience.  Significant improvements in VAS and OSW were shown by the entire population.  However, there were no significant differences between demographic groups in respect to outcomes. Furthermore, there was no significant difference, in VAS and OSW scores, between subjects whose surgeries involved the use of allograft and autograft.  ACDF can be an effective treatment for patients regardless of demographic criteria or bone graft material used.
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Introduction

Discectomy and fusion of the cervical spine through an anterior approach (ACDF) has been a common surgical procedure used to treat a variety of spinal anomalies for many years.  Most existing literature supports the conclusion that ACDF is an effective method for alleviating pain and restoring functional capacity for the general patient population (Kwon 2005).  Furthermore, long-term benefits have also been shown to be common in these patients, with the most frequent complications being related to adjacent level myelopathy and/or stenosis (Emery 1998). Comparison of pre- and post-operative visual analog pain scales (VAS) and Oswestry disability questionnaires (OSW), as well as Neck Disability Indices has been accepted as standard methods of evaluating the benefits of different spinal treatments (Palit 1999).  Though the general advantages of this procedure have been adequately proven, literature searches produce very limited, if any, studies preformed to compare long term results with respect to patient age, sex, and tobacco use. Other variables, such as differences in grafting materials used have been evaluated with varying results. Certain studies have shown that cancellous bone graft may elicit better results than the autograft procedure (Floyd 2005). While other publications suggest that positive results are likely regardless of graft material (Samartzis 2003). Such conclusions suggest that proficiency on behalf of the surgeon and appropriate patient selection are perhaps the most important factors related to positive outcomes. Thus, it is the purpose of this study to determine which, if any, demographic criteria correlate to superior post-operative results. The effectiveness of allograft and autograft procedures will also be evaluated in an effort to further the understanding of the effect, if significant, that this difference in procedure elicits. Thereby either supporting existing results or suggesting that further research is needed on the topic by disproving said conclusions.
Methods and Materials
One-hundred and one patients underwent ACDF after a course of conservative treatment had failed. Thirty-six patients were 60 years of age or older.  Thirty-one patients were at least 50 years of age, but less than 60 years of age. Thirty-four patients were under the age of 50.  The population consisted of 30 male and 71 female subjects, 24 of which were tobacco users, while 77 did not report tobacco use.  In addition to the traditional ACDF protocol, there were 33 corpectomies preformed, 2 laminectomies, 1 facetectomy, 1 carpal tunnel release, 1 fracture reduction, 1 revision of a failed previous arthrodesis attempt and 1 case in which lumbar fusion was attempted during the same surgical procedure.  Patients completed subjective surveys (Fig.1), visual analog pain scales (VAS) (Fig.2) and Oswestry functional capacity evaluations (OSW). (Fig. 3)  Patients also had complimentary radiographs taken and reviewed by an independent radiologist to identify any complications that may have arisen.  The mean follow-up time was 43 months (range 11-81 months). General demographic data from the population was then compiled. (Table 1)

Pre- and post-operative VAS and OSW scores were compared using a paired t-Test (Ott and Longnecker 2001).  Analysis of variance (ANOVA) tests (Ott and Longnecker 2001) were then preformed in order to compare average decreases in VAS and OSW scores between the following groups: age (a>=60, 60<a>=50, 50>a), male/female, tobacco users/ non-tobacco users, and allograft/autograft.  Pre- and post-operative employment status was also recorded for each group, making note of patients who were able to return to the positions they held preoperatively. 
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 Figure 1 Survey Criteria 
Table 1 Patient Demographic Distribution

	Demographic Variable
	Number of Patients

	
	

	Age >=60
	36

	50<=age<60
	31

	Age<50
	34

	
	

	
	

	Allograft
	86

	Autograft
	15

	
	

	
	

	Male
	30

	Female
	71

	
	

	Tobacco
	24

	Non Tobacco
	77

	
	

	Multiple Levels
	54

	Single Levels
	47
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Figure 2 Visual Analog Pain Scale 

	Oswestry Chronic Low Back Pain Questionnaire 

	SECTION 1-- Pain Intensity
	Section 6- Standing

	A. The pain comes and goes and is very mild.
B. The pain is mild and does not vary much.
C. The pain comes and goes and is moderate.
D. The pain is moderate and does not vary much.
E. The pain comes and goes and is severe.
F. The pain is severe and does not vary much.
	A. I can stand as long as I want without pain.
B. I have some pain while standing, but it does not increase with time.
C. I cannot stand for longer than one hour without increasing pain.
D. I cannot stand for longer than 1/2 hour without increasing pain.
E. I cannot stand for longer than ten minutes without increasing pain.
F. I avoid standing, because it increases the pain straight away.

	SECTION 2-- Personal Care
	Section 7- Sleeping

	A. I would not have to change my way of washing or dressing in order to avoid pain.
B. I do not normally change my way of washing or dressing even though it causes some pain.
C. Washing and dressing increases the pain, but I manage not to change my way of doing it.
D. Washing and dressing increases the pain and I find it necessary to change my way of doing it.
E. Because of the pain, I am unable to do some washing and dressing without help.
F. Because of the pain, I am unable to do any washing or dressing without help.
	A. I get no pain in bed.
B. I get pain in bed, but it does not prevent me from sleeping well.
C. Because of pain, my normal night’s sleep is reduced by less than one-quarter
D. Because of pain, my normal night’s sleep is reduced by less than one-half.
E. Because of pain, my normal night’s sleep is reduced by less than three-quarters.
F. Pain prevents me from sleeping at all.

	SECTION 3—Lifting
	Section 8- Scocial Life

	A. I can lift heavy weights without extra pain.
B. I can lift heavy weights, but it causes extra pain.
C. Pain prevents me from lifting heavy weights off the floor.
D. Pain prevents me from lifting heavy weights off the floor, but I can manage if they are conveniently positioned, e.g., on a table.
E. Pain prevents me from lifting heavy weights, but I can manage light to medium weights if they are conveniently positioned.
F. I can only lift very light weights, at the most.
	A. My social life is normal and gives me no pain.
B. My social life is normal, but increases the degree of my pain.
C. Pain has no significant effect on my social life apart from limiting my more energetic interests, e.g., dancing, etc.
D. Pain has restricted my social life and I do not go out very often.
E. Pain has restricted my social life to my home.
F. I have hardly any social life because of the pain.

	SECTION 4—Walking
	Section 9- Traveling

	A. Pain does not prevent me from walking any distance.
B. Pain prevents me from walking more than one mile.
C. Pain prevents me from walking more than 1/2 mile.
D. Pain prevents me from walking more than 1/4 mile.
E. I can only walk while using a cane or on crutches.
F. I am in bed most of the time and have to crawl to the toilet.
	A. I get no pain while traveling.
B. I get some pain while traveling, but none of my usual forms of travel make it any worse.
C. I get extra pain while traveling, but it does not compel me to seek alternative forms of travel.
D. I get extra pain while traveling which compels me to seek alternative forms of travel.
E. Pain restricts all forms of travel.
F. Pain prevents all forms of travel except that done lying down.

	SECTION 5—Sifting
	Section 10- Changing Degree of Pain

	A. I can sit in any chair as long as I like without pain.
B. I can only sit in my favorite chair as long as I like.
C. Pain prevents me from sitting more than one hour.
D. Pain prevents me from sitting more than 1/2 hour.
E. Pain prevents me from sitting more than ten minutes.
F. Pain prevents me from sitting at all.
	A. My pain is rapidly getting better.
B. My pain fluctuates, but overall is definitely getting better.
C. My pain seems to be getting better, but improvement is slow at present.
D. My pain is neither getting better nor worse.
E. My pain is gradually worsening.
F. My pain is rapidly worsening.


Figure 3 Oswestry Survey
Results

For patients 60 years of age or older, there were mean pre- and post-operative VAS scores of 7.4 and 2.2, respectively. There was a statistically significant decrease of 70.0% (p<.01). This group also showed a statistically significant decrease in OSW scores, post-operatively, of 49.6% (p<.01), with means of 32.7% and 16.5%, respectively. Patients between the ages of 50 and 60 also had pre- and post-operative mean VAS scores of 7.0 and 3.9 respectively. There was a mean difference of 44% which was statistically significant (p<.01).  These subjects presented pre- and post-operative OSW scores of 34.4% and 23.6% respectively. There was a mean difference of 31.3%, which was not statistically significant (p>.01).  For patients below the age of 50, average pre- and post-operative VAS scores were 6.4 and 3.3, respectively.  There was a decrease of 48.9%, which was statistically significant (p<.01).  This group’s mean pre- and post-operative OSW scores were 39.0% and 22.5%. This was representative of a mean decrease of 42.4%, which was statistically significant (p<.01). 
 In male subjects, pre- and post-operative mean VAS scores were reported as 6.0 and 2.7, respectively. This was indicative of a 54.7% decrease, which was statistically significant (p<.01).  Males reported pre- and post-operative OSW scores of 26.6% and 16.6%, respectively. There was a decrease of 37.5% in these subjects that was not statistically significant (p>.01).  Average VAS scores for females were 7.3, pre-operatively and 3.3, post-operatively.  There was a mean decrease of 55.5%, which was statistically significant (p<.01).  Pre- and post-operative OSW scores for women were 39.0% and 22.0%, respectively.  These subjects experienced a 43.7% decrease, which was statistically significant (p<.01). 
For tobacco users, pre-operative VAS scores were 6.9, while post-operative scores had a mean of 3.8. There was a statistically significant decrease of 45.5% (p<.01).  Oswestry scores in this group decreased from 37.5%, pre-operatively to 21.3% post-operatively.  There was a mean decrease of 43.2%, which was statistically significant.  Non-tobacco users had pre- and post-operative VAS scores of 6.8 and 2.9, respectively. There was a 58.3% decrease, which was statistically significant (p<.01). This group reported average pre- and post-operative OSW scores of 34.7% and 20.1%, respectively. There was a difference of 41.9%, which was statistically significant (p<.01).  
Finally, allograft receivers reported pre- and post-operative VAS scores of 6.8 and 4.1, respectively. There was a mean decrease of 40.5%, which was statistically significant (p<.01).  In this group, mean OSW score were 39.9% pre-operatively and 16.5% post-operatively. The decrease in mean scores was 48.8%, which was statistically significant (p<.01).  Autograft receivers had pre- and post-operative VAS scores of 7.0 and 2.9, respectively, with a mean decrease of 58.2%, which was statistically significant (p<.01). Oswestry scores in this group were 34.4%, pre-operatively, and 23.6%, post-operatively. There was a mean difference of 42.5%, which was statistically significant (p<.01). (Tables 2 and 3) The percentages of patients who were able to return to work post-operatively were: Age  60 or greater, 80.0% (80.0% same job); age less than 60 but greater or equal to 50, 68.9% (66.5% same job); age less than 50, 83.8% (71.0% same job); males 88.9% (81.5% same job); females 73.7% (74.6% same job); tobacco users, 70.8% (58.3% same job); non-tobacco users 81.7% (78.3% same job); allograft recipients 80.0% (74.0% same job); and autograft recipients 63.6% (63.6% same job).


When the three age groups are compared, there is a recognized difference in mean decrease in VAS scores, though not statistically significant (F=4.6, Fcrit =3.1, p>.01).  These groups also experienced slight differences in mean OSW score decreases (F= 0.8, Fcrit= 3.1, p>.01), though, again, not statistically significant.  Males and females also demonstrated slightly different mean VAS (F= 1.2, Fcrit= 3.9, p>.01) and OSW (F= 2.0, Fcrit= 3.9, p>.01) score decreases, which were not statistically significant.  Comparison of tobacco users to non-tobacco users yields a difference in mean VAS decrease (F=1.2, Fcrit=3.9, p>.01) that is not statistically significant.  Oswestry average decrease differences (F=0.01, Fcrit= 3.9, p>.01) were also not of statistical significance.  Allograft and autograft recipients experienced differing mean VAS decreases (F=0.3, Fcrit= 3.9, p>.01) that were not of statistical significance.  Mean OSW decreases were also found to be different in these group (F= 0.4, Fcrit=3.9, p>0.1) (Tables 4 and 5).
Table 2 t-Test results comparing pre- and post-operative 
VAS scores

	Variable
	t-Stat
	t-Critical
	p
	% Decrease

	Age >=60
	9.1
	2.6
	1.60E-13
	69.80%

	 
	
	
	
	 

	50<=age<60
	5.2
	2.7
	2.30E-06
	44.00%

	 
	
	
	
	 

	Age<50
	5.5
	2.65
	5.90E-07
	48.90%

	 
	
	
	
	 

	Allograft
	3.6
	2.7
	0.001
	40.50%

	 
	
	
	
	 

	Autograft
	10.8
	2.6
	4.90E-21
	58.20%

	 
	
	
	
	 

	Male
	5.6
	2.7
	6.80E-07
	54.70%

	 
	
	
	
	 

	Female
	10.1
	2.6
	2.60E-18
	55.50%

	 
	
	
	
	 

	Tobacco
	5.2
	2.7
	4.80E-06
	45.5%

	 
	
	
	
	 

	Non Tobacco
	10.1
	2.6
	9.50E-19
	58.30%


Table 3 t-Test results comparing pre- and post-operative
 Oswestry scores

	Variable
	t-Stat
	t-Critical
	p
	% Decrease

	Age >=60
	3.4
	2.6
	1.00E-03
	49.60%

	 
	
	
	
	 

	50<=age<60
	2.2
	2.3
	3.00E-02
	31.00%

	 
	
	
	
	 

	Age<50
	3.3
	2.3
	1.00E-03
	42.40%

	 
	
	
	
	 

	Allograft
	3.6
	2.6
	0.001
	48.80%

	 
	
	
	
	 

	Autograft
	4.8
	2.6
	2.90E-06
	42.50%

	 
	
	
	
	 

	Male
	2.1
	2.7
	4.00E-02
	37.50%

	 
	
	
	
	 

	Female
	5.1
	2.6
	1.33E-06
	43.70%

	 
	
	
	
	 

	Tobacco
	2.8
	2.7
	7.00E-03
	43.30%

	 
	
	
	
	 

	Non Tobacco
	4.5
	2.6
	1.41E-05
	41.90%


Table 4 ANOVA test results comparing mean           
	Variable
	F
	p-value
	F-Critical

	Age
	4.65
	0.01
	3.09

	 
	
	
	 

	Allograft/Autograft
	0.29
	0.59
	3.94

	 
	
	
	 

	Male/ Female
	1.15
	0.29
	3.94

	 
	
	
	 

	Tobacco/Non-Tobacco Users
	1.49
	0.22
	3.94


 differences in VAS scores among demographic
 groups

Table 5 ANOVA test results comparing

 mean differences in Oswestry scores 

among demographic groups.

	Variable
	F
	p-value
	F-Critical

	Age
	0.83
	0.44
	3.09

	 
	
	
	 

	Allograft/Autograft
	0.37
	0.54
	3.94

	 
	
	
	 

	Male/ Female
	2.03
	0.16
	3.94

	 
	
	
	 

	Tobacco/Non-Tobacco Users
	0.10
	0.75
	3.94


Discussion

For many patients experiencing pain and functional incapacitation due to conditions associated with cervical myelopathy and/or discogenic anomalies, symptoms may be decreased by a course of conservative care including, but not limited to, analgesics, physical therapy, steroid injection, and selective nerve root blocks.  Often, these symptoms may subside without any clinical intervention.  However, for patients who do not respond to such therapies, surgical intervention is a safe and effective approach to reducing pain and function incapacitation.  Significant decreases in pain, increases in functional capacity, and high levels of patient satisfaction are traditionally associated with anterior cervical discectomy and fusion (Palit 1999).  Additionally, the procedure has proven to be very safe in terms of intra-operative complications (Bohlman 1993).Recurrent myelopathy is not commonly associated with this procedure. When there is post-operative myelopathy, it is usually associated with levels other than those which were subject to operation (Emery 1998).

Given the success rates of this procedure, it has been the generally accepted that the major factors in determining positive outcomes are proper patient selection and meticulous surgical technique (Samartzis 2003). However, in terms of patient selection, there have not been any studies that show which, if any, demographic criteria may increase positive outcomes.  The question of superiority among graft materials is also still undecided, though the gold-standard has traditionally been cancellous allograft bone (Floyd 2000).

The results of this study suggest similar outcomes for the majority of ACDF patients, in relation to pain management and functional capacity, despite demographic differences.  This would suggest that ACDF can be considered as a viable treatment for patients who have failed conservative care, regardless of age, sex and/or history of tobacco use.  Furthermore, this study seems to support the notion that there is no truly superior bone graft material.  However, given the differences in population size for allograft and autograft samples, it is possible that this conclusion may be overstated.  Further studies are needed to fully understand the comparative effectiveness of these surgical differences.  


It is the opinion of the researcher that ACDF is a highly effective method of treating various clinical presentations related to the cervical spine, regardless of demographic criteria or grafting material used.  The results of this study support most existing literature.

Conclusions
· ACDF is an effective treatment for patients who present with cervical spine-related pain and dysfunction that have been unresponsive to conservative care.
· The benefits of ACDF do not appear to be proprietary to any particular demographic groups.
· The effects of using allograft material versus autograft are still not definitively stated. Though, this study would suggest no superiority between the two.
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