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Abstract

Background: there is some debate about isolated L4/5 fusion and its effect on L5/S1segment,
especially in presence of preoperative L5/S1degeneration and its effect on the postoperative
clinical outcome.
Aim of study: to evaluate the effect of isolated L4/5 fusion on radiological and clinical
outcome in presence or absence of L5/S1degeneration.

Method: this is a comparative retrospective study between 2 groups of patients had L4/5
degenerative spondylolisthesis underwent standard isolated L4/5posterolateral fusion surgery;
the first group had a preoperative L5/S1radiological degeneration while the second group
showed no preoperative L5/S1degeneration. The minimum follow up period for those patients
were 2 years.
Results: 41 patients were included in this study; first group included 17 patients associated
with preoperative L5/S1degeneration and the second group included 24 patients with no
L5/S1degeneration. There were no significant differences in clinical and radiological outcome
between the two groups when compared at the final follow up. According to the radiological
degeneration 4 (23.5%) patients of the first group showed accelerated degeneration while
3(12.5%) patients of the second group showed accelerated L5/S1degeneration. On the other
hand 2 (11.8%) patients of the first group showed clinical L5/S1degeneration while 1(4.2%)
patients of the second group showed clinical degeneration. There were no significant
differences in accelerated degeneration when we compared the two groups.

Conclusion: L5/S1segment could be safely spared in cases of L4/5 fusion in the presence of
preoperative L5/S1degeneration if the clinical symptoms are not correlated to the

degeneration.

Keywords: adjacent segment disease , spondylolithesis , fusion surgery

Introduction

Fusion of lumbar vertebrae L4/5 is a common spinal arthrodesis procedure used to treat cases
with symptomatic degenerative spondylolisthesis (DS) intractable to medical treatment and
physiotherapy.(1, 2)

However the fusion surgery still carries the risk of adjacent segment disease especially
in presence of preoperative facet or disc degeneration due to biomechanical stress on them.(3,
4)
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Most of the literature focused on cranial adjacent segment disease with few reports
about the effect of single L4/5 fusion on L5/S1 disc.(5, 6)

Challengingly L4/5 degenerative spondylolisthesis (DS) encountered to show in some
cases L5/S1 degeneration especially in old ages and this situation put the surgeon in a debate
whether to do single L4/5 fusion or to add S1 to the fusion procedure to avoid clinical
deterioration of the patient and the need to reoperation.(5, 7)

Few previous studies reported no correlation between single level L4/5 fusion and

accelerated L5/S1 degeneration even in presence of preoperative L5/S1 degeneration.(5, 7, 8)

So, in this study we focused on postoperative L5/S1 segment radiological and clinical
degeneration in presence or absence of preoperative degeneration after isolated L4/5 fusion to
conclude the influence of single L4/5 fusion on L5/S1 outcome clinically and radiologically.

Materials &Methods

The protocol of this retrospective study was approved by medical ethical committee of

Mansoura University faculty of medicine.

Forty one patients who underwent single L4/5 fusion using standard midline approach,
four transpedicular screws with posterolateral interbody fusion were included in this study. All

patients completed at least 2 years of clinical and radiological follow up.

All patients who included in this study had intractable pain failed to medical treatment
and physiotherapy, no previous spinal surgeries while patients with previous spinal surgeries
were excluded from this study.Radiographic evaluation in this study included preoperative and

postoperative plain X-ray and MRI.

Clinical outcomes were evaluated using the visual analogue scale (VAS) score for

back and leg and the Oswestry disability index (ODI) score pre and postoperatively.

We divided the patients into two groups. The first group showed preoperative L4/5
spondylolisthesis and L5/S1 degeneration. While the second group showed only L4/5

spondylolisthesis and not associated with L5/S1 degeneration.

L5/S1 degeneration was defined if one or more of these criteria were apparent: loss of
disc height, loss of disc hydration, facet arthropathy, foraminal stenosis or canal stenosis.
Foraminal stenosis was considered if the fat around the nerve root was obliterated on T1

weighted sagittal image.(9, 10)
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Postoperative radiological evaluation of accelerated or appearance of L5/S1 adjacent
segment disease (ASD) s defined as reduction of more than 3mm in disc height on a lateral
plain x-ray, appearance of modic changes, osteophyte formations or advanced facet
arthropathy.(11, 12)

Clinical degeneration will be defined if new symptoms developed, required a new
intervention and correlated with radiological findings.

We finally compared the clinical outcome and the incidence of radiological and or
clinical L5/S1 degeneration in both groups whether preoperative degeneration was existed or

not.

All statistical analysis were executed using SPSS for windows (version
14.0,SPSS,Inc,Chicago,IL).Idependent student T test was used to compare between the two
groups and the difference of intergroup were analyzed using Fisher’s exact test and the results

were considered to be statistically significant if p value <0.05.

Results

In this study two groups were involved the first who had L5/S1degeneration and the

second who had no L5/S1 degeneration.

The first group included 17 patients (6 male and 11 female) with mean age 49.56+7.59,
while the second group included 24 patients (10 male and 14 female) with mean age
50.76+8.11.

In the first group, preoperative VAS score of back and leg improved from 6.73+1.02
and 6.81+0.91to 2.54+0.74 And 2.08+0.86 at the end of follow up, respectively, while the ODI
score improved from 62+15 to 23+19.2.In the second group the preoperative VAS score of
back and leg improved from 6.68+1.09 and 7.01+08.91to 2.94+0.67 and 2.09+0.64 at the end
of follow up, respectively, while the ODI score improved from 581811 to 18.2+16.5. After
comparing both groups there were no significant differences between the two groups for

postoperative back, leg pain or ODI score.

According to postoperative radiological L5/S1 accelerated degeneration 4 (23.5 %)
patients of the first group showed accelerated degeneration in the form of facet degeneration
in one, foraminal stenosis in one and loss of disc height in the others. 2 (11.8%) of them
showed clinical symptoms in the form of back pain in one of them who underwent local

injection of the facets and improved on physiotherapy, while the other showed radicular pain
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in his right leg related to right S1 foraminal stenosis and underwent right S1 Foraminotomy
only without need to add fusion.

Among the second group 3 (12.5 %) patients showed radiological degeneration in the
form of decrease of disc height in one patient and facet arthropathy in the others, and clinical
degeneration was apparent in one (4.2%) of the last two who underwent radiofrequency to
relieve the back pain. But upon all that no significant differences were reported between the
two groups in relation to the incidence of degeneration whether radiologically or clinically.

Discussion

Spinal fusion surgery aimed to maintain solid arthrodesis in the affected level.(13)
While considering that, it should be remembered that solid arthrodesis increases the stress and
mobility on the adjacent segments. (14)

The occurrence of ASD had been studied a lot with a comprehensive meta-analysis
reported the rate of ASD after lumbar fusion to be about 26%.In this meta-analysis 94 studies
from 19 countries with 34716 patients were included to reveal the prevalence of radiological
adjacent segment degeneration was 4.8% to 92.2%.(15)

However, the incidence of repeated lumbar surgery performed for this degeneration
was much lower and ranging from 2% to 15%. All of the studies document, at least to some

degree, disc degeneration at the adjacent segment.(16)

Many studies have described the occurrence of cranial ASD after L4/5 with little
studies focused on the caudal segment (L5/S1) degeneration especially after single L4/5
fusion.(5)

Kaito et al (17) reported that after L4/5 PLIF for their 85 patients, none of them
underwent surgery at the L5/S1 although the presence of preoperative degeneration at this
level ,but they focused more on cranial ASD as they considered L5/S1 degeneration rarely

causes clinical manifestations.

Nakai et al (18), in their study after a mean 8.6 years of follow up reported that they

often observed ASD at a cranial adjacent segment after PLIF.

Accordingly, it has been thought that ASD often occurs at a cranial segment after

fusion surgeries. Okuda et al (19) in a study with minimum 10 years follow up for patients
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underwent single L4/5 fusion reported that O-ASD was mainly observed at L3/4 level (77%),
followed by L5/S1 segment (13%) and then by both segments (10%).

Therefore, all reports of studies of ASD after L4/5 PLIF, described L3/4 ASD
occurrence after fusion surgery with little focus on L5/S1 degeneration as they reported that it

didn’t require surgical intervention.(16)

All this debate may be contributed to the fact that some surgeons will add S1 fusion in
presence of L4/5 pathology to avoid increasing the stress on L5/S1 to avoid the need of
reoperation on the future. Thus, the debate will be higher in the presence of L5/S1

degeneration.

On the other hand, some studies focused only on the L5/S1 level after single L4/5
fusion or what is called floating L5 fusion, especially it is well known there are sparing L5/S1
when doing surgery for obvious pathology at L4/5 (20) and previous studies have shown that
there are inferior results of two-level fusions compared with single-level fusions (21). Also
L5/S1 fusion reported to affect sacroiliac joint accelerating its degeneration (22). While the

preservation of L5/S1 motion decrease the postoperative buttock stiffness complaint. (14)

With all these controversies, the main goal of this study was to observe L5/S1 segment
after single L4/5 single fusion in presence or absence of preoperative L5/S1 degeneration
especially only one study focused on the existence of preoperative L5/S1 degeneration and its
effect on the clinical and radiological outcome.so the study aimed to add another experience

on this topic.

Our observations show that only three patients showed clinical deterioration with only

one needed surgical intervention.

However radiological degeneration progressed and was high in patients with
preoperative L5/S1 degeneration than those with intact 15/S1, which accepted with previous
study hat reported progression of L5/S1 degeneration radiologically but without clinical
deterioration.(23)

Choi et al (5), in their study have evaluated the L5/S1 segment after isolated L4/5
surgery with MIS-TLIF and ALIF for 7 years using different modalities of radiology in their
follow up and reported that the presence of pre-existing L5/S1degeneration doesn’t affect the
clinical and radiological outcome after isolated L4/5 fusion with incidence of (12.1% vs. 18.2

% radiologically) and (5.2% vs 4.5 % clinically) which was correlated with our findings.
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Ghieselli et al (20) ,in their series of L5/S1 survivorship after single L4/5 fusion
reported that 90% of cases showed no radiological degeneration and there were no cases that

shows degeneration had a bad clinical outcome.

In contrast Park et al (8) reported higher incidence of ASD in cases with pre-existing

degeneration and this degeneration negatively affected the clinical outcomes.

Two of the previous studies operated with the same approach of our study while choi
et al as described before use MIS approach to avoid L5/S1 capsule violation and decrease the
incidence of L5/S1 arthropathy. This coincides with penta et al(24) who advocates the ALIF
fusion to decrease the incidence of L5/S1 degeneration. But this approach needs more
experience and training opposite to PLIF approach which is familiar to spine surgeons.
Delicate dissection and high care may decrease the chance of L5 capsule violation and

subsequent degeneration.

Limitation of our study included short period follow up, variation in patient’s weight
,few numbers of patients and type of fusion .Further studies are recommended to compare
extended fusion to single level one.
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Conclusion

L5/S1 segment could be safely spared in cases of L4/5 fusion in the presence of
preoperative L5/S1 degeneration if the clinical symptoms are not correlated to the

degeneration.

Table (1) comparison of patient characteristics according to the presence or absence of

preoperative L5/S1 degeneration

Preoperative Non existing degeneration P value
degeneration
No. 17 24
M/F 6:11 10:14
Age 49.56%7.59 50.7648.11 0.66
VAS pre back 6.73+1.02 6.68+1.09 0.48
VAS pre leg 6.81+091 7.01+0.89 0.271
ODl pre 62115 58+18 0.216
VAS post back 2.54+0.74 2.94+0.67 0.188
VAS post leg 2.08+0.86 2.0940.64 0.179
ODI post 23+19.2 18.5+16.2 0.152
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Preop. degeneration

H male

m female

Fig. (1) : pie chart for gender percentage in the first group with preoperative L5/S1
degeneration [17 cases] M/F 6:11

Non existing degeneration

H male

H female

Fig. (2) : pie chart for gender percentage in the second group with preoperative L5/S1 non

existing degeneration [24 cases] M/F 10:14.
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Fig. (3) radiology of female patient 47 years old with L4/5 spondylolithesis underwent fixation with 4
screws + 2 rods..(A) sagittal T1 LSS MRI shows L4/5 spondylolithesis with no L5/S1 degeneration.(B)
sagittal T2 LSS MRI shows L4-5 spondylolithesis with preserved L5/S1 disc space.(C) preoperative
LSS X-ray AP view.(D) postoperative L4/5 fusion with 4 screws and 2 rods.(E) preoperative LSS X-




ray laterasl views showing L4/5 spondylolithesis.(F) postoperative LSS X-ray shows L4/5 fusion and
decrease in L5/S1 disc height.

List of abbreviations:

DS degenerative spondylolisthesis
VAS visual analogue scale

ODI  Oswestry disability index
ASD  adjacent segment disease

M/F male / female

References

1. Campbell PG, Nunley PD, Cavanaugh D, Kerr E, Utter PA, Frank K, et al. Short-term outcomes
of lateral lumbar interbody fusion without decompression for the treatment of symptomatic
degenerative spondylolisthesis at L4-5. Neurosurg Focus. 2018;44(1):E6.

2. Herron LD, Trippi AC. L4-5 degenerative spondylolisthesis. The results of treatment by
decompressive laminectomy without fusion. Spine (Phila Pa 1976). 1989;14(5):534-8.
3. Kuo CH, Huang WC, Wu JC, Tu TH, Fay LY, Wu CL, et al. Radiological adjacent-segment

degeneration in L4-5 spondylolisthesis: comparison between dynamic stabilization and minimally
invasive transforaminal lumbar interbody fusion. J Neurosurg Spine. 2018;29(3):250-8.

4, Lee CW, Yoon KJ, Ha SS. Which Approach Is Advantageous to Preventing Development of
Adjacent Segment Disease? Comparative Analysis of 3 Different Lumbar Interbody Fusion Techniques
(ALIF, LLIF, and PLIF) in L4-5 Spondylolisthesis. World Neurosurg. 2017;105:612-22.

5. Choi KC, Shim HK, Kim JS, Lee SH. Does pre-existing L5-S1 degeneration affect outcomes after
isolated L4-5 fusion for spondylolisthesis? J Orthop Surg Res. 2015;10:39.

6. Park JY, Chin DK, Cho YE. Accelerated L5-S1 Segment Degeneration after Spinal Fusion on and
above L4-5 : Minimum 4-Year Follow-Up Results. J Korean Neurosurg Soc. 2009;45(2):81-4.

7. Lee Y-S, Kim Y-B, Park S-W. Survival rates and risk factors for cephalad and L5-s1 adjacent
segment degeneration after L5 floating lumbar fusion : a minimum 2-year follow-up. Journal of
Korean Neurosurgical Society. 2015;57(2):108-13.

8. Park J, Chin D, Cho YE. Accelerated L5-S1 Segment Degeneration after Spinal Fusion on and
above L4-5 : Minimum 4-Year Follow-Up Results. Journal of Korean Neurosurgical Society.
2009;45:81-4.

9. Amundsen T, Weber H, Lilleas F, Nordal HJ, Abdelnoor M, Magnaes B. Lumbar spinal stenosis.
Clinical and radiologic features. Spine (Phila Pa 1976). 1995;20(10):1178-86.

10. Chen X, Feng S, Guan H, Yu Z, Cui L, Wang Y, et al. [Radiological characteristics and clinical
manifestation of isolated lumbar foraminal stenosis]. Zhonghua Wai Ke Za Zhi. 2015;53(8):584-8.

11. Balderston RA, Albert TJ, McIntosh T, Wong L, Dolinskas C. Magnetic resonance imaging
analysis of lumbar disc changes below scoliosis fusions. A prospective study. Spine (Phila Pa 1976).
1998;23(1):54-8; discussion 9.

12. Chen L, Perera RS, Radojcic MR, Beckenkamp PR, Ferreira PH, Hart DJ, et al. Association of
Lumbar Spine Radiographic Changes With Severity of Back Pain-Related Disability Among Middle-
aged, Community-Dwelling Women. JAMA Netw Open. 2021;4(5):e2110715.

58



13. LiJ, SunY, Guo L, Zhang F, Ding W, Zhang W. Efficacy and safety of a modified lateral lumbar
interbody fusion in L4-5 lumbar degenerative diseases compared with traditional XLIF and OLIF: a
retrospective cohort study of 156 cases. BMC Musculoskelet Disord. 2022;23(1):217.

14. Lugue MKT, Watanabe K, Yamazaki A, Izumi T, Tashi H, Wakasugi M, et al. Impact of L4/5
Posterior Interbody Fusion With or Without Decompression on Spinopelvic Alignment and Health-
related Quality-of-Life Outcomes. Clin Spine Surg. 2020;33(10):E504-E11.

15. Maragkos GA, Motiei-Langroudi R, Filippidis AS, Glazer PA, Papavassiliou E. Factors Predictive
of Adjacent Segment Disease After Lumbar Spinal Fusion. World Neurosurg. 2020;133:e690-e4.

16. Aono H, Takenaka S, Tobimatsu H, Nagamoto Y, Furuya M, Yamashita T, et al. Adjacent-
segment disease after L3-4 posterior lumbar interbody fusion: does L3-4 fusion have cranial adjacent-
segment degeneration similar to that after L4-5 fusion? J Neurosurg Spine. 2020:1-6.

17. Kaito T, Hosono N, Mukai Y, Makino T, Fuji T, Yonenobu K. Induction of early degeneration of
the adjacent segment after posterior lumbar interbody fusion by excessive distraction of lumbar disc
space. J Neurosurg Spine. 2010;12(6):671-9.

18. Nakai S, Yoshizawa H, Kobayashi S. Long-term follow-up study of posterior lumbar interbody
fusion. J Spinal Disord. 1999;12(4):293-9.

19. Okuda S, Nagamoto Y, Matsumoto T, Sugiura T, Takahashi Y, lwasaki M. Adjacent Segment
Disease After Single Segment Posterior Lumbar Interbody Fusion for Degenerative Spondylolisthesis:
Minimum 10 Years Follow-up. Spine (Phila Pa 1976). 2018;43(23):E1384-E8.

20. Ghiselli G, Wang JC, Hsu WK, Dawson EG. L5-S1 segment survivorship and clinical outcome
analysis after L4-L5 isolated fusion. Spine (Phila Pa 1976). 2003;28(12):1275-80; discussion 80.

21. Kim YJ, Bridwell KH, Lenke LG, Cho KJ, Edwards CC, 2nd, Rinella AS. Pseudarthrosis in adult
spinal deformity following multisegmental instrumentation and arthrodesis. J Bone Joint Surg Am.
2006;88(4):721-8.

22. Sutterlin CE, 3rd, Field A, Ferrara LA, Freeman AL, Phan K. Range of motion, sacral screw and
rod strain in long posterior spinal constructs: a biomechanical comparison between S2 alar iliac
screws with traditional fixation strategies. J Spine Surg. 2016;2(4):266-76.

23. Heo Y, Park JH, Seong HY, Lee YS, Jeon SR, Rhim SC, et al. Symptomatic adjacent segment
degeneration at the L3-4 level after fusion surgery at the L4-5 level: evaluation of the risk factors and
10-year incidence. Eur Spine J. 2015;24(11):2474-80.

24, Penta M, Sandhu A, Fraser RD. Magnetic resonance imaging assessment of disc degeneration
10 years after anterior lumbar interbody fusion. Spine (Phila Pa 1976). 1995;20(6):743-7.

59



