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Abstract

Background The purpose of the study was to report

radiological outcomes after total disc replacement (TDR)

in the cervical spine through a 24 months follow-up (FU)

prospective study with a special focus on sagittal alignment

and kinematics at instrumented and adjacent levels.

Materials and methods Thirty-two patients, who sus-

tained one-level TDR with a ball-and-socket arthroplasty

(Discocerv
TM

implant, Scient’x/Alphatec Spine, USA) were

consecutively included in the study. Clinical (visual ana-

logical scale and neck disability index) and radiological

parameters were measured preoperatively and postopera-

tively at 3/6 months, 1-year and 2-year FU. Sagittal

alignment, ranges of motion (ROM) and center of rotations

(CORs) were analyzed using specific motion analysis

software (Spineview
TM

, Paris, France). Patients CORs were

compared with those of a control group of 39 normal and

asymptomatic subjects.

Results Both local and C3–C7 lordosis significantly

increased postoperatively (?8� and ?13� at 2 years,

respectively). At instrumented level ROM in flexion–

extension (FE) was measured to 10.2� preoperatively ver-

sus 7.5� at 1 year and 6.1� at 2 years. There were no dif-

ferences in ROM at adjacent levels between pre and

postoperative assessments. When compared with control

group and preoperative measurements, we noted post-

operative cranial shift of the COR at instrumented level for

patients group. In contrast, there was no difference in

CORs location at adjacent levels.

Conclusion Through this prospective study, we observed

that cervical lordosis consistently increased after TDR. In

addition, although ball-and-socket arthroplasty did not

fully restore native segmental kinematics with significant

reduction of motion in FE and consistent cranial shift of the

COR, no significant changes in terms of ROM and CORs

were observed at adjacent levels.

Keywords Biomechanics � Kinematics � Cervical spine �
Cervical disc prosthesis � Artificial disc � Mobility

Introduction

Anterior cervical discectomy and fusion (ACDF) is tradi-

tionally the gold standard to manage cervical degenerative

disc disease with radicular pain refractory to conservative

treatment. However, ACDF can potentially result in iatro-

genic effects such as pseudarthrosis and early adjacent

degenerative level by increase of stresses at adjacent levels

[1–4]. Experimental studies demonstrated that fusion could

generate increase in mechanical forces with hypermobility

and increase in intradiscal pressure on adjacent discs above

and below the intervertebral segment fused, and thus may
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P. Wertheimer, Hospices Civils de Lyon, 59 boulevard Pinel,

69394 Lyon, France

C. Barrey � G. Perrin

University Claude bernard LYON 1, Lyon, France

C. Barrey � S. Champain � S. Campana � W. Skalli

Laboratory of Biomechanics, ENSAM, Arts et Metiers

PARISTECH, 151 boulevard de l’Hôpital, 75640 Paris, France
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explain the mechanism of early adjacent disc degeneration

[5–9].

By preserving some amount of motion and reproducing

more closely physiologic kinematics of cervical spine, total

disc replacement (TDR) may avoid report of stresses on

adjacent discs and thus potentially reduce the incidence of

adjacent segment disease [10]. Several studies evaluated

preservation of motion at instrumented level comparing pre

versus postoperative segmental range of motion (ROM) in

flexion–extension (FE) [11–17] and confirmed that ROM

was generally maintained after TDR ranging from 5� to 10�.

Restoring physiological cervical spine kinematics

involves restoring not only the amount of motion, but also

the nature of the motion, however, most clinical studies

focused on the amount of motion after cervical arthroplasty

[11–17]. The quality of motion can be clinically evaluated

by measuring the mean center of rotation (COR) on

dynamic X-rays. Only few studies investigated changes in

COR after cervical TDR [12, 18, 19]. In fact, the quality of

motion restored in vivo and its consequences on adjacent

kinematics after cervical arthroplasty is largely unknown.

To our knowledge, no previous study investigated changes

in COR at adjacent levels after ball-and-socket arthroplasty

in the cervical spine.

Otherwise, the capacity of TDR to restore sagittal

alignment is still under investigation [12, 14].

Thus, to contribute to a better understanding of the in

vivo biomechanical behavior of TDR in the cervical spine,

our objective in the current study was to report clinical and

radiological outcomes after cervical disc arthroplasty using

ball-and-socket design. Radiological assessment included

sagittal alignment and kinematics analysis (ROM and

COR) in the sagittal plane at the treated and also adjacent

levels using a computer-assisted method.

Materials and methods

Study design

From January 2006 to June 2008, 32 patients who underwent

single-level cervical TDR (Discocerv
TM

, Scient’x/Alphatec

Spine Inc., Carlsbad, CA, USA) were prospectively and

consecutively included in the study. All patients had a mini-

mal follow-up (FU) of 24 months (mean 37.6 ± 10.2). Indi-

cation for surgery was cervical radiculopathy secondary to

soft disc herniation with no (n = 27/32) or minimal osteo-

phytes (n = 5/32), with or without neurological deficit and

pain resistant to medical treatment for more than 3 months.

Patients with pluri-segmental disease, severe facet

and/or disk arthrosis, previous cervical spine surgery,

traumatic or tumoral disease, severe metabolic bone disease,

instability and/or osteoporosis were excluded from the study.

Patients’ demographic data are summarized in Table 1.

Surgical technique and postoperative course

After standard anterior approach to the cervical spine under

general anesthesia, intervertebral disc was removed while

preserving the vertebral endplate cortical bone. Moderate

intervertebral distraction using Cloward distractor allowed

for disc herniation removal and neuro-foraminal decom-

pression. The posterior longitudinal ligament was only

partially removed on the symptomatic side. The implant

was then placed with the aim of an optimal sizing and

position in both frontal and anteroposterior planes. In the

sagittal plane, the aim was to obtain maximal contact

between vertebral and prosthetic endplates. If the pros-

thesis was not strictly in a median place, it was placed

again. The height of the implant was determined analyzing

the intervertebral height of normal adjacent discs on pre-

operative radiographs and adapted per-operatively accord-

ing to the distraction effect observed during implant

positioning. The position of the implant could be checked

using frontal anteroposterior and lateral fluoroscopic con-

trols during surgical procedure.

Patients were prescribed non-steroidal anti-inflamma-

tory medication for 2 weeks after surgery, but no cervical

collar.

Implant

The implant consists of a constrained device with ball-and-

socket joint and cranial geometric center (Fig. 1). It uses a

combination of pure titanium and titanium alloy for end-

plates and ceramic-on-ceramic bearing surfaces. Titanium

endplates are designed with an anatomical profile charac-

terized by convexity in the sagittal plane for the upper plate

and convexity in the frontal plane for the lower plate. Two

footprints are available, one 13 9 17 mm and the other

15 9 20 mm; the height ranges from 5 to 8 mm. Finally, in

the superior endplate lordotic correction is around 5�.

Table 1 Patients characteristics (n = 32) and surgery data

Mean SD Min Max

Age (years) 42.3 8.9 27 65

Body mass index (kg/m2) 24.7 5.5 18.1 35.6

Gender 14 men, 18 women – – –

Follow-up (months) 37.6 10.2 24 58

Surgery duration (min) 65.6 20.6 35 118

Blood loss (ml) 67.5 77.5 0 250

Hospital stay (days) 5.1 1.6 2 9

Reoperation (s) – – – –
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Clinical evaluation

Clinical and radiographical evaluation was performed

preoperatively and postoperatively between 3 and

6 months (early FU), at 1 year (M12) and 2 years (M24).

Clinical evaluation included surgery data (operative

time and blood loss), complication rates, cervical and

radicular visual analogical scale (VAS) and neck disability

index (NDI). A patient satisfaction index (PSI) was also

obtained postoperatively (Table 2). As recommended by

the FDA, we considered the success as an improvement of

NDI at 2 years FU equal or superior to 15%. Absolute

improvement of clinical scores (NDI and VAS) was

defined as follows: M24score–Preopscore.

Radiographical assessment

All radiographical parameters were calculated using

quantitative motion analysis specific software (Spineview
TM

Software, Arts et Metiers ParisTech, Paris, France) which

has already been validated [20].

Sagittal alignment

Sagittal alignment was evaluated on lateral X-rays in

neutral position by measuring the following parameters

(Fig. 2):

• C1–C7 lordosis between the line joining the superior

edge of the anterior and posterior arches of C1 and the

inferior endplate of C7

• C3–C7 lordosis between the superior endplate of C3

and the inferior endplate of C7

• Discal lordosis between the inferior endplate of the

upper vertebra and the superior endplate of the lower

vertebra

• Local lordosis between the superior endplate of the

upper vertebra and the inferior endplate of the lower

vertebra

Fig. 1 The Discocerv
TM

device consists of a ball-and socket joint with

cranial geometric centre allowing for 18� of ROM in flexion–

extension and lateral bending and with no theoretical limitation in

axial rotation. The convex part of the articulating joint is located on

the superior endplate of the prosthesis

Table 2 Patient satisfaction index

Patient responses PSI

score

Surgery met my expectations 1

Surgery improved my condition enough so that I would go

through it again for the same outcome

2

Surgery helped me but I would not go through it again for

the same outcome

3

I am the same or worse compared to before surgery 4

Fig. 2 Evaluation of sagittal alignment included measurements of

discal, local, C3–C7 and C1–C7 sagittal angles (SA). Anterior and

posterior disc height were also calculated on neutral lateral view using

a ratio between discal and upper vertebral body heights (a/b and c/d,

respectively). SA sagittal angle
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• Anterior disc height expressed in percentage and

defined as the ratio between the height of the anterior

disc space and that of the anterior wall of the upper

vertebra

• Posterior disc height expressed in percentage and

defined as the ratio between the height of the posterior

disc space and that of the posterior wall of the upper

vertebra.

Sagittal kinematics

Kinematics analysis included ROM in FE and position of

the mean center of rotation (COR) at instrumented and

adjacent levels. Measurements were realized on digitized

dynamic lateral X-rays in flexion and extension postures.

Mean CORs were calculated only when mobility in FE was

equal or superior to 3�. The location of COR was calcu-

lated using (X, Y) coordinates system (Fig. 3). The postero-

superior corner of the lower vertebra was considered as the

origin of the (X, Y) 2D landmark, the X axis was directed

forward along the superior endplate of the lower vertebral

body and the Y axis was directed upward perpendicular to

the X axis. COR-X is positive in the anterior direction and

COR-Y is positive in the cranial direction. The coordinates

(X, Y) of the COR were normalized as percentages based on

the length and height of the lower vertebra. Coordinates of

patients CORs were then compared pre and postoperatively

with those of a control group composed of 39 normal and

asymptomatic subjects with a mean age of 35 years old

(from 21 to 40). Characteristics of the control group have

already been reported in a previous work published by our

institution [18].

The impact of patient age, preoperative mobility and

preoperative instrumented disc height on sagittal kine-

matics was also analyzed.

Statistical analysis

The statistical analysis was performed using specific soft-

ware (XLSTAT
TM

Software, Addinsoft SARL, Paris,

France). For each clinical and radiographical parameter,

comparative statistical analysis between pre and postoper-

ative values was carried out using paired-samples Wilco-

xon’s test. A simple linear regression analysis was

conducted to assess the impact of patient age, preoperative

mobility and preoperative instrumented disc height on

postoperative ROM. When concerning CORs, independent

samples Mann–Whitney test was used to compare patients

versus control group. All P values were considered statis-

tically significant for a P \ 0.05.

Results

There were 18 women and 14 men included in the study

with a mean age of 42.3 ± 8.9 years old. The levels

involved were C4–C5, C5–C6 and C6–C7 in 1, 24 and 7

cases, i.e. 3, 75 and 22% of cases, respectively. Only

patients with one-level TDR were included in the study.

The mean operative time, blood loss and hospital stay

duration are presented in Table 1. Concerning postopera-

tive complications, we noted transient dysphagia in two

cases and superficial wound infection in one case, but

without necessitating reoperation. No mechanical compli-

cation such as implant failure, migration or vertebral body

fracture was observed, however we noted six cases of

heterotopic ossifications at 2 years FU (n = 6/32, 18.8% of

cases).

Clinical outcomes

NDI was 49.7 ± 12.2 [18–78] preoperatively versus

18.5 ± 9.4 [2–38] at early postoperative FU, P \ 0.001,

versus 17.2 ± 9.8 [4–36] at M12, P \ 0.001, and versus

20.7 ± 14.1 [0–52] at M24, P \ 0.001, Fig. 4a. The

absolute improvement at 2 years averaged 29 and success

criteria (defined as improvement of NDI equal or superior

to 15% at 2 years) was observed for 85.7% of patients

(n = 24/28).

Fig. 3 The location of COR was calculated using (X, Y) coordinates

system with the postero-superior corner of the lower vertebra

considered as the origin of the (X, Y) 2D landmark. The X axis was

directed forward along the superior endplate of the lower vertebral

body and the Y axis was directed upward perpendicular to the X axis.

The coordinates (X, Y) of the COR were normalized as percentages

based on the length and height of the lower vertebra. In this example,

we illustrated the C6 vertebral body; the X and Y coordinates of COR

were measured to ?36 and -22, respectively
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Cervical and radicular VAS significantly reduced from

69.6 ± 18.5 [25–95] and 69.3 ± 24.7 [10–100] preopera-

tively to 21.6 ± 12.3 [0–63] and 8 ± 12.7 [0–50] at early

FU, to 17.4 ± 15.1 [0–60] and 11 ± 18.5 [0–70] at M12

and to 17.3 ± 16.6 [0–60] and 12.8 ± 17.5 [0–67] at M24,

respectively, Fig. 4b, c. All the differences were statisti-

cally significant with P \ 0.001.

Patients satisfaction index at 2 years was 1 in 80%

(n = 24/30), 2 in 20% (n = 6/30) and 3 in 3.3% (n = 1/30)

of cases.

Sagittal alignment

Sagittal angles

The mean C1–C7 and C3–C7 global lordosis significantly

increased from 43.5� ± 10� [24–62] and 1� ± 7.5� [-13.5

to 9] preoperatively to 49� ± 9.5� [31–67] and 12� ± 9�

[-2.5 to 23.5] postoperatively at early FU, to 52� ± 11.5�
[19–72] and 12� ± 7.5� [-0.5 to 18.5] at M12 and to

50.5� ± 13.5� [29–75] and 14� ± 10� [-3 to 34.5] at M24;

respectively. Statistical significances are presented in

Fig. 5a. The mean discal and local lordosis also signifi-

cantly increased from 1.5� ± 5� [-7 to 15.5] and

-2� ± 4� [-7 to 3] preoperatively to 8� ± 4.5� [1–17] and

6.5� ± 4� [0–11] postoperatively at early FU, to 8� ± 4.5�
[1–17] and 6� ± 4� [1–13] at M12 and to 6.5� ± 4.5� [-4

to 13] and 7� ± 5� [1–15] at M24, respectively. Statistical

significances are presented in Fig. 5b. One illustrative case

is presented in Fig. 6.

Disc height

When concerning changes in disc height at operated level,

as compared to preoperative values, both anterior and

posterior disc height significantly increased at M3–6, M12

and M24 FU, Fig. 7b. Anterior disc height was 32 ± 8%

[19–54] preoperatively versus 74 ± 13% [50–94] at M3–6,

76 ± 18% [47–112] at M12 and 68 ± 14% [33–95] at

M24. Posterior disc height was 26 ± 7% [14–37] preop-

eratively versus 44 ± 12% [30–74] at M3–6, 43 ± 14%

[30–82] at M12 and 43 ± 15% [23–80] at M24. No

significant difference was observed between pre and post-

operative (M3–6/M12/M24) disc height (anterior and

posterior) at upper and lower adjacent levels, Fig. 7a, c.

Fig. 4 Mean NDI (a), cervical (b) and arm pain (c) VAS scores at

preoperative, M3–6, M12 and M24 assessments. Statistical differ-

ences between pre and postoperative scores are mentioned on each

graph

Fig. 5 Global (a) and segmental (b) lordosis at preoperative, M3–6,

M12 and M24 assessments. Statistical differences between pre and

postoperative scores are mentioned on each graph
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Kinematics

Range of motion

At instrumented level, ROM in FE was measured pre-

operatively to 10.2� ± 6.5� [0–24]. Postoperatively, we

observed reduction of sagittal ROM which was measured

to 6.6� ± 3� [1–13] at M3–M6, 7.5� ± 4� [0–15] at M12

and 6.1� ± 4� [0–14] at M24. Statistical significances are

reported in Fig. 8b. At M24, we found that 81.25% of the

instrumented levels presented with ROM [ 3�. Statistical

analysis found no correlation between patient age

(P = 0.77), preoperative mobility (P = 0.79), preoperative

instrumented disc height (P = 0.95) and postoperative

ROM in FE. Otherwise, there was no correlation between

cervical VAS and postoperative ROM at M12 (P = 0.69)

nor at M24 (P = 0.7).

No significant difference was observed between pre and

postoperative (M3–6/M12/M24) sagittal ROM at upper and

lower adjacent levels, Fig. 8a, c.

Mean centre of rotation

When compared with preoperative values, we observed

consistent cranial shift of the mean COR for operated

patients. At instrumented level, the mean X-COR was pre-

operatively calculated to 36.9 ± 20.2% [-15 to 68] versus

38.8 ± 30.8% [-62 to 83] at M12, P [ 0.05, and

20.1 ± 35.6% [-92 to 67] at M24, P = 0.03; the mean

Y-COR was preoperatively calculated to -25.3 ± 24.1%

[-80 to 12] versus 15.8 ± 39.1% [-87 to 86] at M12,

P = 0.003, and 7.6 ± 45% [-74 to 115] at M24, P \ 0.05.

When concerning upper adjacent level, mean X-COR

was preoperatively calculated to 25.8 ± 22.7% [-58 to 50]

versus 33.7 ± 21.8% [-20 to 82] at M12, P [ 0.05, and

19.5 ± 20.3% [-38 to 54] at M24, P [ 0.05; mean Y-COR

was preoperatively calculated to -36.4 ± 23.3% [-77 to

6] versus -42.3 ± 21.9% [-85 to 3] at M12, P [ 0.05,

and -36.3 ± 23.9% [-96 to 5] at M24, P [ 0.05.

When concerning lower adjacent level, mean X-COR

was preoperatively calculated to 27.9 ± 27.4% [-27 to 65]

versus 39.3 ± 24.1% [-2 to 86] at M12, P [ 0.05, and

26.1 ± 38.1% [-37 to 93] at M24, P [ 0.05; mean Y-COR

was preoperatively calculated to 14.2 ± 38.9% [-42 to

101] versus -1.1 ± 23.3% [-41 to 45] at M12, P [ 0.05,

and 2.8 ± 53.1% [-122 to 87] at M24, P [ 0.05.

CORs of the control group and those of patients

instrumented with TDR at C5–C6 (n = 24/32) are illus-

trated in Fig. 9 for instrumented and adjacent levels. Two

illustrative cases are presented in Fig. 10a, b.

Fig. 6 Illustrative case demonstrating restoration of both segmental and global lordosis after TDR at C5–C6
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Discussion

The aim of the study was to report outcomes after TDR in

the cervical spine with a special interest for sagittal

alignment and kinematics at instrumented and adjacent

levels. Concerning clinical outcomes, we noted that our

results were concordant with those of most randomized

studies carried out in the US [13, 17, 21–23].

Sagittal alignment

Even if correlations between changes in spine curvature

and clinical outcomes are still under investigations, kyph-

otic changes after TDR should be avoided to limit axial

neck pain and avoid report of stresses at adjacent levels. In

our study, compared with preoperative data, segmental

lordosis increased postoperatively on average by approxi-

mately 6�/7� when C3–C7 lordosis increased on average by

approximately 10�/11�. Thus, the Discocerv
TM

device,

which is specifically designed to maintain segmental lor-

dosis with lordotic shape of the upper plate, demonstrated

its capacity to restore both segmental and global lordosis.

Increase in lordosis after TDR has already been reported in

the literature. For instance, Anakwenze et al. [24] reported

increase in operated level (?3�) and C2–C6 (?3.1�) lor-

dosis after ProDiscC
TM

implantation (ball-and-socket

design). In fact, postoperative segmental lordosis may be

predominantly affected by TDR design, whereas restora-

tion of global cervical spine curvature may depend mostly

on cervical pain relief.

Some studies reported that sagittal alignment in the

cervical spine could be altered after TDR implantation

[25–28]. This adverse effect was particularly noted after

implantation of Bryan
TM

disc [26, 28]. As example, Kim

et al. [28] found that only 36% of patients with a preoper-

ative lordotic sagittal orientation of the functional spine unit

were able to maintain segmental lordosis following surgery

(which consisted of implantation of Bryan
TM

device at one

Fig. 7 Anterior and posterior disc heights (DH) at preoperative,

M3–6, M12 and M24 assessments for instrumented (b), upper (a) and

lower (c) adjacent segments. Statistical differences between pre and

postoperative scores are mentioned on each graph

Fig. 8 ROM in flexion–extension at preoperative, M3–6, M12 and

M24 assessments for instrumented (b), upper (a) and lower (c) adja-

cent segments. Statistical differences between pre and postoperative

scores are mentioned on each graph
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level). The loss of lordosis was considered to be mostly

related to the endplates preparation and to the TDR design.

These findings are in contrast with ours and suggest that

specific TDR design may be useful in maintaining physio-

logic sagittal alignment and that too much passive design

should be avoided.

Fig. 9 Location of COR at preoperative, M12 and M24 assessments

for patients with C5–C6 TDR (n = 24/32). Patients COR were

compared with COR obtained from a control group of normal and

asymptomatic subjects for operated level (C5–C6), upper adjacent

level (C4–C5) and lower adjacent level (C6–C7). The dispersion of

CORs around the mean position is greater for instrumented levels

than for control levels
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One must care that the restoration of lordosis is still

controversy in the cervical spine considering that that there

is no valid rules for sagittal balance in the cervical spine

and that straight spine can sometimes be the neutral posi-

tion in asymptomatic volunteers.

Kinematics

When compared with preoperative ROM in FE (around

10�), we found that Discocerv
TM

device restored only par-

tially cervical spine kinematics in the sagittal plane (post-

operative ROM around 6�/7�). When compared with ROM

of control group (around 15� for FE at C5–C6), reduction of

mobility appears more obvious. In fact, most in vivo studies

reported that ROM in FE after cervical TDR ranged only

from 4� to 10� [11–17, 19, 21, 22, 28], whereas in vivo

ROM from normal and asymptomatic population ranged

from 15� to 20� [29–34]. As examples, Powell et al. [19]

found 8.4� ROM in FE at 2 years in a series of 48 patients

operated with Bryan
TM

cervical arthroplasty; Murrey et al.

[22] reported 9.4� of sagittal ROM for patients instrumented

with Pro-DiscC
TM

(n = 103) at 2 years; and Kim et al. [28]

found only 4.9� of ROM in FE in a series of 55 Bryan
TM

artificial discs implanted in 47 patients.

Thus, current TDR designs fail to restore complete

quantitative kinematics in the cervical spine. In fact, most

Fig. 10 Illustrative case (a) demonstrating that postoperative COR at

operated level (C5–C6) was confounded with the geometric center of

the prosthesis. In contrast to the second illustrative case (b),

postoperative COR at operated level (C5–C6) was located in the

facets joint area suggesting a kinematic conflict during flexion–

extension
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current TDR consist of ball-and-socket design character-

ized by a 3 df joint (3D rotations but no translation) with a

fixed COR during motion (considering bearing surfaces

remain congruent). In contrast, the native intervertebral

disc permits 6 df mobility (3D rotations and 3D transla-

tions). As a consequence, complete restoration of natural

kinematics is unlikely with ball-and-socket implants and

this is in accordance with our results and those reported in

the literature.

Restoration of physiological intervertebral motion

requires not only maintaining ROM, but also reproducing

as much as possible the quality of motion. In our study,

analysis of mean CORs allowed for qualitative evaluation

of cervical spine kinematics. Compared with preoperative

data as well as data from control group, instrumented

segments with Discocerv
TM

device demonstrated to have

significant cranial shift of the mean COR (illustrated case

in Fig. 10a). This result could be expected seeing that the

geometric centre of the prosthesis is placed cranially with

the convex surface on the superior plate and the concave

surface on the inferior plate. These findings confirm that

the location of COR in vivo is highly correlated with the

TDR design and particularly with the position of the

prosthesis rotation center. Rousseau et al. [18], comparing

different cervical TDR designs, confirmed that neither the

cranial nor caudal types of ball-and-socket designs was

able to fully restore the normal mobility in terms of ROM

and COR in a series of 51 patients. In addition, this author

also reported cranial shift of COR after TDR using ball-

and-socket design with cranial geometric center (Prestige
TM

LP) like the prosthesis analyzed in our study. Our findings

are concordant with literature data and confirm that TDR

design strongly influences the nature of intervertebral

motion observed in vivo. Otherwise, we observed that the

mean COR of instrumented segments typically differs from

the theoretical geometrical center of the implant suggesting

that the rotation was not exactly conducted around the

geometric centre of the prosthesis and that bearing surfaces

of the prosthesis did not stay in true contact during all the

ROM. These findings may probably result from kinematic

conflicts in the facet joints and/or uncovertebral areas and/

or from abnormal stresses of soft tissues (illustrated case in

Fig. 10b).

Rationale of TDR with cranial geometric center (like

Discocerv
TM

or Prestige
TM

implants) is that, in contrast to FE

motion, the COR in lateral bending and axial rotation is

located above the intervertebral space, as illustrated in

Fig. 11 [34]. Restoring a more physiological COR in the

frontal plane may allow for restoration of a more physio-

logical kinematic in axial rotation and lateral bending and

theoretically limiting uncovertebral and facet kinematic

conflicts during these motions [35, 36]. In fact, TDR with

caudal centre of rotation is more suitable during FE

motion, whereas TDR with cranial centre of rotation is

preferred during lateral bending and axial rotations. As a

consequence, restoration of native intervertebral kinemat-

ics in the cervical spine is probably unlikely using TDR

with fixed centre of rotation.

Fig. 11 Mean COR during lateral bending is located above the intervertebral disc, however, because of coupled motion, lateral bending is not

strictly executed in the frontal plane making measurement of COR not really relevant on 2D X-rays
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Adjacent segments

Although cervical TDR restored only partly ROM in FE,

we did not observe any changes in ROM at both upper and

lower adjacent levels. These results suggest that main-

taining some mobility at instrumented level is sufficient to

avoid hypermobility and report of stresses at adjacent

levels. These findings are concordant with most of those

reported in the literature about adjacent segments kine-

matics [14, 16, 21]. Powell et al. [19] were the only authors

who reported increased sagittal FE motion at adjacent

segments in a patients group operated with cervical

arthroplasty.

In addition, we did not find significant changes in CORs

position at adjacent segments between pre and postopera-

tive measurements neither between patients and control

groups, suggesting that not only extent of motion was

preserved at adjacent levels, but also the quality of motion,

at least during FE.

Maintaining ROM and physiologic COR at adjacent levels

may limit and/or delay adjacent segment degeneration. This

is supporting by the results from the three prospective and

randomized trials carried out in the US and involving cervical

disc prosthesis according to which the arthroplasty groups

had an overall lower rate of adjacent segment surgery at

2 years compared with ACDF [13, 17, 21, 22].

Finally, as compared to preoperative values, we did not

observe significant reduction of disc height at 2 years FU

suggesting that no severe discal degeneration has been

induced at adjacent levels. However, we presume that 2-year

FU is too short to allow for establishment of any conclusions

on potential protection of adjacent levels after cervical TDR

and further long-term studies are needed to confirm the

capacity of TDR to reduce adjacent level disease.

Limitation

One limitation of in vivo studies is that radiographical

analysis of kinematics mainly focused on sagittal mobility

with limited investigation for motions in frontal and axial

planes. In fact, due to the coupled motions during lateral

bending and axial rotation, intervertebral motion in frontal

plane is not strictly a 2D motion. Consequently, analysis of

kinematics on bending plain radiographs is neither reliable

nor reproducible. Three-dimensional imaging system could

be helpful for a better in vivo investigation of cervical

spine 3D kinematics [37].

Conclusion

Through this 2-year FU prospective study focused on

cervical spine sagittal alignment and kinematics, we could

observe that cervical lordosis consistently increased after

TDR. This was true for both segmental and global lordosis.

Otherwise, we noted that ball-and-socket arthroplasty did

not fully restore native segmental kinematics with signifi-

cant reduction of motion in FE and consistent cranial shift

of the COR. Finally, the in vivo biomechanical behavior of

the prosthesis was not so far from a good fusion with lor-

dosis maintained at the operated level.

Despite these significant alterations to native kinematics

at index level, no changes in ROM neither CORs were

observed at adjacent levels.

Conflict of interest None.
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