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Factors Affecting Segmental Motion of Lumbar Total Disc Replacement

Sung Soo Chung, MD_, Chong Suh Lee, MD,, Sung Woo Choi, MD,
Jae Wook Yu, MD, and Jong Won Kwon, MD*

Departments of Orthopaedic Surgery and Radiology and Center for Imaging Science*,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: To assess factors significantly affecting the range of motion of the lumbar spine at the operated
segment following total disc replacement (TDR) arthroplasty.

Materials and Methods: Thirty-six patients (15 men and 21 women) who received lumbar TDR at a
single level using Prodisc Il (Spine Solutions Inc, New York, NY USA) were included in this study. The
study included 23 cases at L4-5 and 13 cases at L5-S1. The average patient age was 43.6 years (range,
23-59 years) and the minimum follow-up was 24 months (range, 24-61 months). Two independent
observers measured radiological parameters preoperatively, at 3 months postoperatively, and at the final
follow-up. These parameters included disc height, affected level segmental range of motion (ROM) and
prosthesis position and height. A radiologist independently measured facet joint degeneration and the
fat contents of the paraspinal muscles on preoperative MR images. Clinical results were evaluated using
the Oswestry Disability Index (ODI) and the Visual Analogue Scale (VAS).

Results: Segmental ROM was well preserved at the final follow-up (preoperative, 11.3 degrees; 3 months
postoperative 13.2 degrees; final follow up, 13.1 degrees). The factors found to affect segmental ROM
significantly at the final follow-up were the preoperative ROM, preoperative disc height, disc height
increment ratio and a history of previous back surgery on the affected disc (p<0.05). The VAS signi-
ficantly improved in patients with increased segmental ROM at the operated level (p<0.05).
Conclusion: Statistical analysis showed that the factors affecting segmental ROM were the preoperative
ROM, preoperative disc height, disc height increment ratio, and a history of previous back surgery on
the affected disc. However, further effort needs to be directed towards an evaluation of a larger number
of patients with a longer follow-up.

Key Words: Lumbar total disc replacement, Range of Motion, Disc height
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Fig. 1. Flexion-extension radiographs of a patient who underwent
TDR implantation at L4-L5, The TDR ROM was measured using
the Cobb method with the keels as radiographic landmarks in
flexion and extension X-rays,
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Fig. 2. Muscle fatty degeneration grade 2, right facet joint
degeneration grade 1 and left grade 3.
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Table 1. (A) Grading of the Lumbar Facet Joint Degeneration
Using Computed Tomography and Magnetic Resonance Imaging,
as Described by Weishaupt ef a/ (B) Fat Content of the Lumbar
Paraspinal Muscle, as Described by Goutallier et al

(A) Grade O Normal facet joint space (2-4 mm width)

Grade 1 Narrowing of the facet joint space (<2 mm)
and/or small osteophytes and/or mild
hypertrophy of the articular process

Grade 2 Narrowing of the facet joint space and/or
moderate osteophytes and/or moderate
hypertrophy of the articular process and/or
mild subarticular bone erosion

Grade 3 Narrowing of the facet joint space and/or large
osteophytes and/or severe hypertrophy of the
articular process and/or severe subarticular
bone erosion and/or a subchondral cyst

(B) Grade 0 No intramuscular fat
Grade 1 Some fatty streaks present
Grade 2 Fat evident, but less fat than muscle tissue
Grade 3 Amounts of fat and of muscle equal
Grade 4 More fat than muscle tissue

Table 2. Prosthesis Position as Described by McAfee et al. (A),
and Le Huec et al (B)

(A) Group 1, ideal placement within 3 mm of the exact central
placement in both the coronal and midsagittal
planes (2 mm posterior to the midpoint of the
vertebral body in the sagittal plane)

Group 2, suboptimal placement from 3 to 5mm from the
exact central placement in at least one axis

Group 3, poor placement greater than 5 mm from the exact
central placement in at least one axis

(B) On a lateral radiograph, the distance between implant
posterior edge and the posterior edge of the inferior
vertebral body of the segment

Satisfactory less than 4 mm
Moderate between 4 and 7 mm
Inadequate greater than 7 mm
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one—way ANOVA test®+ Kruskall-Wallis testE
o]-§3aL, A< Wl 27FA] 2817He] d¥HE 97
3l Pearson T Spearman A3 A 42 0|45
Ak ASA W, ASA 7H] 42 Reliability analy—
sis using Intraclass Correlation Coefficient'{-< ©]
$31] A4 elojg AR,

AL

4 1
3t AlSAe oJgh vk 54 AlZ T (intraveliability) =
S E-15%(0.66-0,98)5 HA1l, ASA A=
(interreliahility) & 25 E-11%(0,74-0,93) 5 H 9},
Yt B4 7ML & A 11.3 (3.8-21.7)°M &
3IME 5 13.2 (8-20)°, FF +A] 13,1 (8.2-19.3)°=
Fu T 2H 7ol A% FA (B 41807

Table 3. Summary of the Profiles (Categorical Variables)

Fig. 3. Lateral flexion (A) and extension (B) radiographs at
4-years of a 40-year-old woman with the Prodisc Il applied to
L5-S1, Segmental ROM was 18°, Lumbarization of S1.

Factors Groups Number  Last ROM p-value

Preoperative factors Sex F 21 137 0.156
M 15 122

Age (y) <50 29 129 0.412
>50 7 140

Affected Level L4 L5 23 137 0.151
L5 St 13 12.1

BMI (kg/m?) <25 19 140 0.064
>25 17 121

Previous back surgery (affected level) Yes 8 11.0 0.035*
No 28 137

Facet degeneration (grade) 0 3 103 0.504
1 24 136
2 4 10.8
3 5 143

Fat content of the lumbar paraspinal 0 8 128 1,000
muscles 1 25 13.2
2 3 128

Intraoperative factors COR group (McAFee et aj Group 1 25 136 0.248
Group 2 7 126
Group 3 4 10,6

(Le Huec et a) Satisfactory 13 133 0.554
Moderate 21 132
Inadequate 2 101

Disc prosthesis length (compared with <80% 5 120 0.435
vertebra body) on the sagittal plane (%) =80% 31 133

Implant thickness Medium 27 136 0,101
Large 9 116

Disc height increment ratio (%) <50% 19 143 0.018*
>50% 17 118

Postoperative (Result) Factors ~ VAS for Back pain <75% 13 116 0.035
>75% 23 139

oDl <75% 16 13.0 0.909
>75% 20 132

*Significant correlation with the last segmental ROM (p <0.05),
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Table 4. Summary of Profiles (Continuous Variables)
Factors p-value
Preoperative Factors Age Pearson Correlation 0171 0,320
Affected level disc height decrement ratio Pearson Correlation 0.267 0115
(compared with adjacent level disc height) (%)
Preoperative disc height (mm) Pearson Correlation 0.370 0.026*
Preoperative ROM (degree) Pearson Correlation 0.416 0.012*
Intraoperative factors Disc height increment ratio (%) Spearman’s rho correlation  —0415 0.012*
Coefficient

*Significant correlation with the last segmental ROM (p<0.05),
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