
Introduction
The cervical spine, in addition to providing move-

ment of the neck, also fulfills the functions of support-
ing the weight of the head and resisting external forces. 
The basic movement of the cervical spine is built on the 
intervertebral disc, facet and uncinate joints. Disease in 

any of these components affects the others. Treatment 
of compression of neural structures in the cervical 
spine has advanced a great deal over the last century.

In 1934, Mixter and Barr determined that the ba-
sic pathology was compression of the nerve root [1], 
while in 1945, Prof Münir Ahmet Sarpyener reported 
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ABSTRACT 

Objective: The aim of this study was to radiologically and clinically compare the polyetheretherketone (PEEK) cage and 
cervical disc prostheses used in anterior cervical microdiscectomy operations during the postoperative period.
Methods: The study evaluated 25 cervical disc hernia patients. The cervical disc prosthesis group (Group A) comprised 10 
patients while the PEEK cage group (Group B) comprised 15 patients. Before and after the operation, the cervical graphics 
from radiological monitoring and VAS, NDI and Odom scores from clinical monitoring were used. The patients’ preoperative 
and postoperative cervical graphics disc height, cervical axis and segmental angles were evaluated to determine statistical 
relationships with neurological situation and quality of life.
Results: In the cervical disc prosthesis group (Group A) in the early postoperative period (3rd week), 3rd month and late 
period (18-36 months), the intervertebral disc height measurements were significantly higher than the cervical PEEK cage 
group (Group B) (early p<0.05, 3rd month p<0.05 and late p<0.05). Comparing the preoperative and postoperative cervical 
axis (C2-7) and segmental angles in the cervical disc prosthesis and cervical PEEK cage groups, there was no statistically 
significant difference found (p>0.05). Clinical evaluation of the patients found no statistical difference in the evaluation of 
VAS, NDI or Odom scores of the two groups before and after the operation.
Conclusion: It was shown that in the cervical disc prosthesis group (Group A) in the early and later postoperative period, 
intervertebral disk heights were preserved by a statistically significant amount compared to the PEEK cage group (Group 
B). However, this scenario did not create any significant difference in the clinical evaluation results.
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Increased of Langerhans Cells in Smokeless 
Tobacco-Associated Oral Mucosal Lesions

Érica Dorigatti de Ávila1, Rafael Scaf de Molon2, Melaine de Almeida Lawall1, Renata Bianco 
Consolaro1, Alberto Consolaro1

Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction
Among tobacco users, there is a false be-

lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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congenital narrowing of the spinal canal and develop-
ment of linked neurological findings [2]. The first sur-
gical intervention for cervical disc disease was by Sir 
Victor Horsly using a posterior cervical approach [3] 
and in 1952, Abbott described an anterior approach for 
the first time [4]. George W. Smith and Robert A. Rob-
inson published a patient report in 1955 where they first 
employed the graft carrying their name to treat cervical 
disc disease with an anterior approach and interverte-
bral fusion technique [5]. The initial non-fusion cervi-
cal discectomy was completed by Carl Hirsch in 1958 
[6]. Fusion and non-fusion anterior cervical discectomy 
approaches with a number of small changes have taken 
over from posterior approaches and have been applied 
for the last 50 years in different clinics and disciplines.

Using fusion material or not, after cervical discec-
tomy, the development of problems such as adjacent 
segment disease, pseudoarthrosis, etc. has sent spinal 
surgeons on a search for the correct approach. With 
this, protecting spinal motion has appeared as its own 
discipline within the last 10 years. Many spinal surgical 
disc prostheses collapse; more conservative surgeons 
have chosen to observe the results of prosthesis sur-
gery. Instrumentation firms in the market have tried to 
produce more robust implants. The first cervical disc 
prostheses were developed over time and are now well 
tolerated.

In this study, the preoperative and postoperative 
radiological and clinical findings of cervical disc her-
nia patients diagnosed and treated at the authors’ clinic 
were evaluated. Anterior cervical microscopic discec-
tomy operations and cervical polyetheretherketone 
(PEEK) cages (Group B) or cervical disc prosthesis 
(Group A) inserted into the space created by discec-
tomy were used and any differences were examined in 
the context of the literature.

Materials and Methods
This study investigated 25 cases of single-level cer-

vical disc herniation treated with anterior cervical mi-
crodiscectomy with PEEK cage or cervical disc pros-
thesis placed at the discectomy level from August 2010 
to December 2012 at Canakkale Onsekiz Mart Univer-
sity, Department of Neurosurgery.

The surgical indication criteria for patients with 
planned operations were radicular motor weakness, 

long tract findings and continuing radicular pain de-
spite at least 3 weeks of conservative treatment. Ad-
vanced spondylosis and/or two-level disc herniation 
cases, discopathy caused by trauma and cases requiring 
a second operation were not included in the study. All 
patients’ clinical findings complied with MRI findings.

Cases taken for evaluation had preoperative and 
postoperative neurological examination, surgical notes 
and clinical findings investigated. All cases had 2-D cer-
vical graphics and cervical MRI examination. Postop-
erative monitoring in the 3rd week, 3rd month and from 
18-36 months included neurological examination, 2-D 
cervical graphics and CT.

Cases monitored within the scope of this study 
with preoperative and postoperative cervical graphics 
had reduced disc distance and cervical axis, and flat-
tening of the degree of the segmental angles along with 
anterior angulation (kyphosis), and the relationships 
between the radiological findings and the case’s neuro-
logical situation and quality of life was researched.

Lateral cervical graphics were used to assess the 
cervical axis: the angle between lines drawn parallel to the 
C2 vertebra corpus lower endplate and parallel to the C7 
vertebra corpus lower endplate. If the axis < 0°, it was ac-
cepted as kyphosis, axis of 0° – 10 ° was flat and axis 
> 10° was considered lordosis [7]. For segmental an-
gle evaluation, the segmental angle from the posterior 
nerve of the corpus above the discectomy interval and 
the posterior nerve of the corpus below was measured. 
If the axis was < 0°, it was evaluated as kyphosis and ≥ 
1° was lordosis [7].

Before surgery, 3 months after and 18-36 months 
after surgery, pain and functional clinical results were 
classified by visual analog scale (VAS), Odom criteria 
and Neck Disability Index (NDI) criteria.

Before surgery, 1 day after, 3 weeks after, 3 months 
after and 18-36 months after surgery, measurements 
were evaluated. In each group, NDI, Odom criteria and 
VAS scores were recorded. SPSS v.19 software (SPSS 
Inc., Chicago, IL, USA) was used for statistical evalua-
tion. The statistical investigation of the relationship be-
tween radiographic measurements, clinical results and 
quality of life was completed using the Mann-Whitney 
U and Chi-Square tests. Results with p<0.05 were ac-
cepted as statistically significant.
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Surgical Technique
In both groups, the operation was completed un-

der general anesthetic. Before the surgical procedure, 
the interval was confirmed with a C-arm scope. After 
passing through skin, sub-dermis and fascia, an Ozer 
retractor [8] was inserted at the level to hold the tra-
chea and esophagus medial and the carotid sheath lat-
eral, fixated to the upper and lower corpus with the aid 
of screws (Figure 1). With the microsurgery technique, 
discectomy was completed. For decompression of the 
affected nerve root and spinal cord in both groups, the 
posterior longitudinal ligament was opened and a por-
tion was taken to remove the disc fragment causing 
compression. Later, at the level of discectomy, either 
a cervical disc prosthesis or a PEEK cage containing 
1 cc demineralized bone matrix (DBM) (Osteotech, 
Eatontown, NJ, USA) was inserted with the help of an 
inserter. Next, the retractor was closed and removed 
and, following hemostasis, the layers were anatomically 
closed. The patient was mobilized with a cervical col-
lar in the 6th hour postoperatively. With a 2-D cervical 
graphic taken on the 1st day postoperatively, patients 
were discharged on the second day. Patients wore the 
cervical collar for 3 weeks after the operation and were 
then advised to return to daily activities.

Results
Of the 25 patients in the study group, 15 (60%) had 

anterior cervical microscopic discectomy and PEEK 
cage (Group B) while 10 (40%) had anterior cervical 
microscopic discectomy with cervical disc prosthesis 
(Group A).

When the demographic characteristics of all cases 
were examined, 12 (48%) were female and 13 (52%) 
were male. The average age of the prosthesis group 
(Group A) was 36.50 years, with a standard deviation 
of 3.342 and a range 31-42 years. In the PEEK cage 
group (Group B), the average age was 42.20 years with 
standard deviation of 11.409 and a range of 24-61 years 
(Table 1).

The number of cases according to disc herniation 
level was 2 (8%) C4-5 herniation, 12 (48%) C5-6 her-
niation and 11 (44%) C6-7 herniation.

Monitoring of cases after the operation included 
2-D cervical graphics and NDI, VAS and Odom’s cri-
teria (questioned as perfect, good, moderate and bad).

Figure 1. The Ozer retractor used for anterior cervical discectomy in 
the authors’ clinic.

Table 1. Gender and age distribution among patients.

Group A Group B

Gender
Female (48%) 6 6

Male (52%) 4 9

Age range 31-42 24-61

Average age 36.5 42.2

Standard Deviation 3.342 11.409

Radiographic Findings
In the cervical disc prosthesis group (Group A), 

the preoperative cervical axis measurements (C2-7) 
had a mean ± standard deviation of 10.86±10.40 and 
in the late postoperative period (18-36 months), the 
mean ± standard deviation of the cervical axis meas-
urements were 9.11±6.50. In the cervical PEEK cage 
group (Group B), the preoperative cervical axis meas-
urements (C2-7) had a mean ± standard deviation of 
9.89±9.14 and in the late postoperative period, the 
mean ± standard deviation of the cervical axis meas-
urements were 11.32±7.49. There was no statistically 
significant difference between the groups (p>0.05) 
(Table 2).

In the cervical disc prosthesis group (Group A), 
the preoperative segmental angle measurements had 
a mean ± standard deviation of 1.30±5.81, the early 
postoperative measurements (3 weeks) had a mean ± 
standard deviation of 0.82±2.46 and the late postop-
erative measurements (18-36 months) had a mean ± 
standard deviation of 2.82±2.41. In the cervical Peek 
cage cases (Group B), the preoperative segmental an-
gle measurements had a mean ± standard deviation 
of 0.68±4.77, the early postoperative measurements 
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had a mean ± standard deviation of 2.90±3.87 and the 
late postoperative measurements had a mean ± stand-
ard deviation of 1.16±3.23. There was no statistically 
significant difference between the two groups (early 
p>0.05, late p>0.05) (Table 3).

In the cervical disc prosthesis cases (Group A), 
the mean ± standard deviation of the intervertebral 
disc height at the operated level preoperatively was 
4.42±0.85 (Figure 2), while in the early postoperative 
period (3rd week), the intervertebral disc height mean 
± standard deviation was 6.40±0.39 (Figure 3), in the 
3rd month postoperative, the intervertebral disc height 
mean ± standard deviation was 6.22±0.34 (Figure 4) 
and in the late postoperative period (18-36 months), 
the intervertebral disc height mean ± standard devia-
tion was 6.15±0.29 (Figure 5). In cervical PEEK cage 
cases (Group B), the mean ± standard deviation of the 
intervertebral disc height at the operated level preop-

Table 2. Cervical axis measurement (C2-7) preoperative and postoperative mean ± standard deviation.

Group A Group B

Cervical axis (C2-7) (mean ± standard deviation)
Preoperative 10.86±10.40 9.89±9.14

Postoperative late period (18-36 months) 9.11±6.50 11.32±7.49

Table 3. Segmental angle measurements preoperatively and postoperatively during the early and late period mean ± standard deviation.

Group A Group B

Segmental angle (mean ± standard deviation)

Preoperative 1.30±5.81 -0.68±4.77

Postoperative early period (3 weeks) 0.82±2.46 2.90±3.87

Postoperative late period (18-36 months) 2.82±2.41 1.16±3.23

Table 5. VAS scores preoperatively, postoperatively at 3 months and postoperatively during the late period (mean ± standard deviation).

Group A Group B

VAS scores (mean ± standard deviation)

Preoperative 8.50± 0.52 8.60± 0.50

Postoperative early period (3 weeks) 1.80± 0.42 2.13± 0.64

Postoperative late period (18-36 months) 2.10± 0.73 2.40± 0.50

Table 4. Intervertebral disc height measurements preoperatively and during the postoperative early, 3 month and late periods (mean ± stand-
ard deviation).

Group A Group B P-value

Intervertebral disc height 
(mean ± standard deviation)

Preoperative 4.42±0.85 3.97±0.86

Postoperative early period (3 weeks) 6.40±0.39 5.36±1.00 0.012*

Postoperative (3 months) 6.22±0.34 5.09±1.00 0.001*

Postoperative late period (18-36 months) 6.15±0.29 4.93±0.70 0.001*

eratively was 3.97±0.86, in the early postoperative pe-
riod (3rd week), the intervertebral disc height mean ± 
standard deviation was 5.39±1.00, in the 3rd month 
postoperatively, the intervertebral disc height mean ± 
standard deviation was 5.09±1.00 and in the late post-
operative period (18-36 months), the intervertebral 
disc height mean ± standard deviation was 4.39±0.70. 
The results of the early period (3 weeks), 3rd month 
and late postoperative (18-36 months) measurements 
were evaluated to be statistically significant between 
the groups (early p<0.05, 3rd month p<0.05 and late 
p<0.05) (Table 4).

Clinical Findings
During the operation, no complications were ob-

served to have developed for any of the cases. Imme-
diately after the operation, the radicular pain of all pa-
tients was resolved.

There was no statistically significant difference be-

Year 2017 | Volume 6 | Issue 1 | 1-8
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Figure 2. Preoperative intervertebral disc heights for both groups.

Figure 3. Postoperative 3rd week intervertebral disc heights.

Figure 4. Postoperative 3rd month intervertebral disc heights.

Figure 5. Postoperative 18-36 month intervertebral disc heights.

tween the groups in terms of average NDI scores in the 
preoperative, early postoperative and late postopera-
tive periods (early p>0.05, late p>0.05).

The assessment of Odom’s criteria for patients in 
the 3rd and 12th month postoperatively showed no 

statistically significant differences between the groups 
(3rd month p>0.05, 18-36 month p>0.05).

Cases with cervical disc prosthesis had mean 
± standard deviation VAS scores preoperatively of 
8.50±0.52, early postoperatively (3rd month) of 
1.80±0.42 and in the postoperative late period (18-36 
months), they were 2.10±0.73. In the cervical PEEK 
cage cases, the mean ± standard deviation VAS scores 
preoperatively were 8.60±0.50, in the early postopera-
tive period (3rd month), they were2.13±0.64 and in 
the postoperative late period (18-36 months), they 
were 2.40±0.50. In the early and late periods, there 
were no statistically significant differences between the 
two groups (early p>0.05, late p>0.05) (Table 5).

Discussion
When loss of power in the arm and paresthesia are 

identified by neurological examination, and radicular 
pain continues in spite of conservative treatment, the 
surgical treatment for the patient’s radiculopathy or 
myelopathy is generally accepted to be anterior cervical 
decompression for many years. The anterior cervical 
approach is less traumatic than the posterior technique 
and causes less muscle damage [9].

One of the most important aims of surgical inter-
vention to the vertebrae is to protect or recreate the 
sagittal alignment of the vertebral column. The cervi-
cal axis is lordotic and the angular range is between 10° 
and 40° [10]. The angles between adjacent segments 
may show differences.

Anterior cervical discectomy is currently the pri-
mary choice as it is effective and simple, but also raises 
the fusion debate [11]. A few advantages of this meth-
od include direct ease of the neurovascular structures 
with the anterior approach, fewer osteophytes in fu-
sion, protection of disc height, reduced folding of the 
ligamentum flavum and permitted widening of the fo-
ramen [12, 13].

In anterior interventions for cervical disc disease, 
kyphosis in the late period is linked to collapse of the 
distance after discectomy, so foraminal stenosis and 
root compression have been used to defend the fusion 
requirement [12, 13]. Segmental kyphosis has been 
observed in many cases of anterior discectomy without 
fusion. In the literature, it has been reported that seg-
mental kyphosis seen after non-fusion anterior cervical 
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discectomy causes problems because of its effect on ad-
jacent levels and the sagittal cervical axis [11].

In addition, through investigations of the anterior 
cervical discectomy and fusion surgical technique, 
Mendoza et al. found increased esophagus retraction 
pressure and reduced esophagus perfusion pressure re-
lated to esophageal ischemia [14]. When anterior cer-
vical plates are used for fusion, the rate of dysphagia in 
the first two years is 25% [15].

Fusion introduces new complications to those that 
already exist for simple discectomy. Many patients with 
iliac autograft have pain in the hip region that is more 
acute than pain experienced in the neck. Aronson et al. 
reported that in 7 of 86 cases, the pain from the graft lo-
cation continued up to 36 months later [16]. De Palma 
et al. observed 9% complications at the graft location 
in the acute period, with 36% of monitored patients 
having continued pain at the graft location [17]. While 
high fusion rates can be obtained with autogenous bone 
grafts, morbidity at the donor location affects patient 
satisfaction. Park et al. used cage and DBM for anterior 
cervical discectomy and fusion and removed the donor 
location morbidity for cases. In this way, postoperative 
pain was prevented, and fusion rates were observed to 
be similar to autogenous iliac bone grafts for PEEK 
cage-containing DBM [18].

In cervical discectomy and fusion for spondylotic 
radiculopathy and/or myelopathy cases, Dufour et al. 
found no cages broke or migrated, with an increase in 
disc height from preoperative to latest observation [19].

Klimo et al. used PEEK and rhBMP-2 in 38 levels 
of 22 cases and found cystic areas within the PEEK of 
most patients, reporting that in 15 levels (39%), the 
size of the cyst was 15 mm or more [20]. 

To prevent complications at the graft location, 
bone taken from cadavers had been proposed as a fu-
sion material but this possibility may cause spreading 
viral or other infectious agents. To remove or inactivate 
the risk of contracting infection, drying and freezing of 
the bone has been applied, but this brings about dis-
ruption of the mechanical properties of the bone and, 
as a result, the success of fusion is reduced. Robinson 
et al. found a failure rate of 12% for anterior cervical 
fusion, with an inverse relationship between increas-
ing number of fusion levels and decreasing success rate. 

While the success rate for fusion at a single level was 
94%, at two levels, this diminished to 73% and at three 
levels to 50% [21].

In this study, PEEK cage combined with DBM was 
employed and none of these types of complications 
were observed in any of the cases.

After anterior cervical discectomy, cages and pros-
theses inserted into the intervertebral interval for fu-
sion are current the only choices because of easy ap-
plication, preservation of physiological disc height, 
provision of distraction, correction of angular instabil-
ity and the increasing complications of bone grafts in 
fusion surgeries.

Recently, cervical disc prosthesis use has risen 
based on the claim that they preserve movement of the 
functional segment and prevent adjacent segment dis-
ease development from fusion.

In the literature, cervical disc replacement was first 
reported in 1964 [22]. Since that time, major advances 
have been made in the research and technology under-
lying the cervical disc prosthesis field. 

Publications are available that show cervical arthro-
plasty has provided statistically better functional results 
than anterior cervical discectomy and fusion [23].

Yi et al. proposed that formation of heterotopic 
ossification (HO) was an unavoidable postoperative 
complication of cervical disc replacement and that the 
incidence of HO was higher than expected. In addition, 
clear differences in the timing of incidences were iden-
tified depending on type of prostheses [24].

Huppert et al., in 231 cases (175 cases single level, 
56 cases 2 or more levels) of cervical disc replacement 
to treat cervical degenerative disc disease, found anal-
gesic use in the multi-level group was significantly high, 
with significantly low HO formation compared to the 
single-level group [25].

In recent years, the basic goal of increasing the use 
of more dynamic spinal instrumentation has been to 
preserve or recreate the stabilization of the vertebrae. 
Cages and prostheses are implants inserted in the disk 
interval after discectomy. Both applications provide 
clinical and radiological success and in the present 
study, no clear superiority of one over the other was 
observed.

All patient groups included here had degenerative 
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disc disease. When deciding to operate, the correct in-
terval and cage/prosthesis system was determined for 
the patient. Bone graft (DBM) was used for all cases 
supplied with PEEK cages. No complications related to 
cage or prostheses were observed in the carefully exam-
ined patient groups. 

Cages and prostheses maintained a height close to 
the original intervertebral distance and played a role in 
resisting axial loads during the early period. Preserving 
disc distance height and, as a result, preventing nerve 
compression reduces morbidity. In work presented 
here, it was determined in follow-ups after cage and 
prosthesis use that prostheses preserved the physiolog-
ical height of the operated distance better than cages. 
According to clinical results, the authors observed that 
this difference did not positively or negatively affect pa-
tient satisfaction.

Overall, correct indications and successful surgery 
was observed to provide patient satisfaction. 
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