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Abstract 

Introduction: Spondylolisthesis is derived from the Greek words – spondyl (vertebra) and olisthesis (to slip). 

The prevalence of spondylolisthesis in general population is approximately 5% and is about equal in men and 

women. Spondylolysis is a descriptive term referring to a defect in the pars interarticularis. Few studies have 

investigated the long term effect with transforaminal lumbar interbody  fusion with cage on functional outcome. 

Objectives : Objectives of the study are to evaluate the safety, efficacy and functional outcome of surgical 

management of spondylolisthesis with  posterior stabilization with pedicle screw with transforaminal lumbar 

interbody fusion with cage fixation were evaluated based on VAS and modified ODI score. 

Methodology : From October 2019 to May 2021, a total of 25 patients operated posterior stabilization with 

pedicle screw with transforaminal lumbar interbody  fusion with cage fixation were followed up and evaluated 

based on VAS and modified ODI score. 

Results : There were 25 patients with spondylolisthesis at L3-L4 ,L4-L5 and L5-S1 who were managed with 

posterior spinal decompression and transforaminal interbody fusion with fixation with pedicle screw with cage . 

70% of patients had spondylolisthesis at L5 – S1. Most of the patients were in 4th and 5th decade of life, with a 

female predominance of 20 cases (80%). In this study 76% of patients had Grade I listhesis and 24% had Grade 

II listhesis. Bony fusion was achieved for 92% patients. In this study 19 (76%) patients had excellent, 6 (24%) 

had good outcome based on modified ODI scoring. 

Conclusion: Surgical fixation of spondylolisthesis using posterior stabilization with pedicle screw with 

transforaminal lumbar interbody fusion and cage fixation is still a safe, promising and appealing technique in 

low and high grade listhesis. 

 

Keywords: Spondylolistheis, Transforaminal interbody fusion,Lumbar lordosis, Functional outcome, modified 

oswestary index 
 

Introduction 

The term spondylolisthesis is derived from Greek 

word spondylos – vertebra, olisthesis – to slip or slide 

down a slippery path. It is defined as anterior or 

posterior slipping of cephalad vertebra over the 

caudal vetebra1  “Spondylolisthesis” term was first 

coined by Killian2. 

http://www.ijmscr.com/
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Spinal instability caused by lumbar spondylolisthesis 

can lead to intermittent neurogenic claudication, 

lumbar radiculopathy and low back pain. If 

conservative measurements fail or if patients develop 

neurological deficits, surgical treatment by 

decompression and instrumented spinal fusion is 

more frequently considered: in the US, the national 

bill for instrumented spinal fusion increased 7.9 fold 

between 1998 and 20083. 

Classically, posterolateral fusion with pedicle screw 

fixation is performed, combined with interbody 

fusion surgery. The rationale for adding lumbar 

interbody fusion surgery is to improve fusion(4,5), 

thereby restoring balance and redeeming stability6. 

Different fusion techniques have been developed, 

including transforaminal lumbar interbody fusion 

(TLIF) and posterior lumbar interbody fusion 

(PLIF)(7,8). Most spine surgeons are familiar with 

both and technical difficulty is similar. The unilateral 

approach to the intervertebral disc is a theoretical 

advantage of TLIF, based on a number of items8. 

First of all, the a priori chance of damaging nerve or 

dural sac is 50% less in TLIF. Secondly, in TLIF one 

facet joint remains unaffected while in PLIF both 

facet joints are involved in decompression necessary 

to place interbody cages. Thirdly, TLIF may affect 

the musculoligamentous complex of the lumbar spine 

to a lesser extent. Data from retrospective patient 

series suggest that TLIF may require less surgical 

time and is associated with less blood loss and fewer 

complications(9-11). 

Methods 

During the period October  2019 to May 2021, 25 

cases diagnosed with lumbosacral spondylolisthesis 

which was surgically treated at our institution. This is 

a prospective analysis of the 25 consecutively treated 

cases with 6 months of minimum follow up. All 

patients provided written & informed consent prior to 

procedure, and every clinical test and surgeries were 

directed by the standards of the Declaration of 

Helsinki. There were 5 male and 20 female patients. 

The ages of the patients ranged from 32 to 59 years 

(average 48 years). All patients had classically 

described symptoms that are attributed to 

spondylolisthesis, which include lower back 

claudication pain and radiation along the posterior 

aspect of the legs (25) and weakness of muscle 

groups (12).The modified Oswestry Disability Index 

(ODI) and visual analog scale (VAS) were used to 

grade the symptoms. Radiological observations are 

summarized in Table 1. All patients were 

investigated both before and after surgery with plain 

radiographs and MRI. Patients in whom there was 

radiographic and clinical evidence that suggested 

infection, tumour were excluded. Injectable 

antibiotics were continued for 5 days and then 

changed to oral with adequate analgesia given. Drain 

tube were removed usually after 48 hours and patient 

is allowed to turn in bed. Sutures removal was done 

on 14th day. Patients were allowed to ambulate after 

drain removal with a lumbosacral belt. Patient is then 

discharged with lumbosacral belt which is gradually 

withdrawn after 6 months. 

Table 1: Radiological features in 25 cases of Spondylolisthesis 

Distribution of levels of Spondylolisthesis among study patients 

Variable Category n % 

Level L3-L4 1 4% 

L4-L5 8 32% 

L5-S1 16 64% 
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Figure 1 

 

 

Table 2:Distribution of grade of Spondylolisthesis 

Distribution of Grade of Spondylolisthesis among study patients 

Variable Category n % 

Grade Grade 1 19 76% 

Grade 2 6 24% 

 

Surgical Procedure 

After palpating the spinous processes ,a line is drawn 

between the highest points on the iliac crest is in the 

L4-5 interspace. The line is a rough guide, however 

the best means of determining the exact level is either 

to insert a small needle into the spinous process under 

the C – Arm guidance and carry the dissection 

distally and identify the sacrum. A midline skin 

incision relative to the disc space and over the 

marked spinous process. On furthur incision through 

fat and fascia in line with the skin incision until the 

spinous process itself is reached. Detach the 

paraspinal muscles subperiosteally as one unit from 

the bone, using a dissector, such as a Cobb elevator, 

or with cautery. Dissect down the spinous process 

and along the lamina to the facet joint. The lamina 

with spinous process was removed which was used 

for bone graft. The loose listhetic segment was 

identified and discectomy with decompression of 

nerve root was done . The fibrocartilagenous tissue 

strangulating the nerve root was completely removed 

and the loose neural arch became mobile. After 

removing the adhesion, the posterior disc space was 

removed and the end plate was scraped with angular 

scoop and trial disc was done with introduction of 

fenestrated kidney cage with bone graft with the 

introducer after Pedicle screw instrumentation. 

Initially the cage was placed 25 degrees oblique 

which later made horizontally and distraction of 

vertebra was loosened making the cage compressing 

between the vertebrae decreasing the chance of 

displacement.  The self tapping polyaxial and 

reduction screws of 5.5mm were used.  The patients 

were mobilized as soon as possible, but were advised 

to use lumbar spinal belt and to restrict activities for a 

period of 6 months. The patients were then advised to 

engage in normal physical activity after confirmation 

of the status of screws. Postoperative imaging was 

done in the immediate postoperative phase and at 

follow up examination. 

 

CASE 1 

PREOP XRAYS AND MRI 

 

4%
32%

64%

Distribution of levels of 
Spondylolisthesis among study 

patients

L3-L4 L4-L5 L5-S1
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FIGURE 2                                         FIGURE 3          FIGURE 4 

                               

 

CLINICAL PHOTOS OF PRE OP 

                  FIGURE 5                      FIGURE 6                                 FIGURE 7  

                                               

 

FIGURE 8                        FIGURE 9 

                   

CASE 2 

PREOP XRAY AND MRI 

    FIGURE 10     FIGURE 11  FIGURE 12   
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CLINICAL PHOTOS OF PREOP 

FIGURE 13   FIGURE 14     FIGURE 15                FIGURE 16          FIGURE 17 

          
 

Results 

The follow-up duration ranged from 6 months till 1 

year. The Chief surgeon himself and the subordinates 

did clinical assessment and radiological 

interpretations. All patients symptoms improved in 

the immediate postoperative period to varying 

degrees, mostly favourable. VAS and ODI scales 

were compared both pre and post operative. Apart 

from these measures, a patient satisfaction in the 

local vernacular language assessed the status of 

clinical recovery. No recurrence of symptoms in any 

case was noted in the minimum follow up period of 6 

months. Arthrodesis of the treated spinal segments 

was considered to be successful when at the 

minimum follow-up of 6 months the screw position 

remained in place, bony fusion across the facets was 

observed, and no relative movement of any vertebral 

component observed on dynamic imaging. With these 

minimum parameters, successful segmental 

arthrodesis was achieved in all cases. All the patients 

were satisfied with the clinical outcome and are 

professionally active. The operation was not repeated 

in any of the cases nor any additional surgical 

maneuver done on the same level or at any other 

spinal level. 

CASE 1 : 

IMMEDIATE POST OP    POST OP XRAY AFTER 24 WEEKS 

FIGURE 18                                                  FIGURE 19 

                

CLINICAL PHOTOS POST OP 

FIGURE 20   FIGURE 21     FIGURE 22             FIGURE 23         FIGURE 24 
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CASE 2: 

IMMEDIATE POST OP    POST OP XRAY AFTER 24 WEEKS 

FIGURE 25                      FIGURE 26 

    

 

CLINICAL PHOTOS POST OP 

FIGURE 27   FIGURE 28     FIGURE 29      FIGURE 30        FIGURE 31  

       

Table 3: Comparison of mean ODI score pre and post operatively 

Comparison of mean ODI values between Pre & Post-Operative treatment among 

study patients using Wilcoxon Signed Rank Test 

Time N Mean SD Min Max Mean Diff P-Value 

Pre OP 25 43.92 3.81 52 30 
28.16 <0.001* 

Post OP 25 15.76 4.45 24 10 

 

Figure 32 
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Table 4:Comparison of mean vas scores pre and post operatively 

Comparison of mean VAS scores between Pre & Post-Operative treatment among 

study patients using Wilcoxon Signed Rank Test 

Time N Mean SD Min Max Mean Diff P-Value 

Pre OP 25 7.80 0.71 9 7 
3.64 <0.001* 

Post OP 25 4.16 1.03 6 2 

 

FIGURE 33 

 

Discussion 

In our study, transpedicular instrumentation with 

interbody cage was performed at lumbosacral level 

Meyerding grade I , II,III and IV spondylolisthesis. 

Our experience with the TLIF procedure confirms the 

findings of prior studies in that it produces good 

clinical outcomes, 92% fusion rate without intra-

operative complication. It provides circumferential 

fusion via a posterior approach and, thus, avoids the 

need for a separate anterior surgery that would entail 

additional risk of retrograde ejaculation or injury to 

abdominal viscera or vascular structures. In addition, 

TLIF avoids the need for dural retraction present 

when performing a PLIF, which may increase the 

potential for complications such as neurapraxic injury 

and dural laceration. Our results are similar to recent 

studies in terms of surgical data and hospital 

stay(12,13) . The complication rate in this study was 

low. There were no intra-operative complications and 

specifically no dural tear  which is common in PLIF. 

This is reflected in similar studies(13,14) .In a recent 

MRC study15 a peri -operative complication rate of 

up to 36% is reported. Transient neuritis due to 

excessive nerve root retraction has been reported to 

be as high as 7%; however, this has not been our 

experience. There have been reports of vascular 

injuries to the great vessels during decompression16 

or cage placement. Complications reported in ALIF 

include great vessel injury (1.7%) with venous injury 

as high as 15.6%8 , retroperitoneal damage resulting 

in dyspareunia in female patients and retrograde 

ejaculation in male patients. These complications 

place TLIF as a favourable alternative option to a 

circumferential fusion. The debate whether clinical 

outcome and fusion rate correlate has been raging in 

the literature for years(17-20) . Our patients were 

operated for spondylolisthesis and our clinical 

outcomes can be regarded  excellent with significant 

improvement in VAS and modified ODI score. If one 

considers that our union rate was  92% it is clear that 

clinical results correlate with the fusion rate. In our 

study majority of the patients were female 20 (80%) 

out of 30 patients while only 5 (20%) were male 

patients. In degenerative spondylolisthesis, the 

female gender is shown to be predominant21 . 

Hackenberg in their study reported the results of 

TLIF with a minimum follow up of 3 years22 . In 

their study, along with low grade Spondylolisthesis, 

they included patients with disc degeneration disease 

in whom TLIF was performed. But like our study, 

their main focus was on the functional outcome and 
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the tool was ODI scoring like in our study. Their 

mean ODI scoring preoperative was 41.6% and 

31.6% at latest follow up. Butterman G et al. in their 

study reported improvement in mean ODI from 63% 

to 33% 3 years after fusion surgery for 

Spondylolisthesis23 . Like these studies, our mean 

preoperative ODI was 43.92, while postoperatively it 

was 15.76. Our follow-up was short compared to 

them. We found statistically significant improvement 

in pain scores (VAS and ODI) and significant 

improvement in SLR test postoperatively at 3 months 

and 6 months follow-up as compared with pre-

operative scores. The improvement was significant 

when a comparison was made between 3 months and 

12 months results. We believe that the initial relief in 

the symptoms may be due to the stabilization effect  

of  the  internal fixation device, and permanent relief 

can be related to attainment of satisfactory fusion, 

and resorption of the osteocartilaginous mass may 

also contribute to the clinical improvement. A fusion 

rate of 68–100% has been reported with 

posterolateral fusion in low grade spondylolisthesis. 

We used radiographic criteria for fusion assessment 

and our fusion rate was 92%. Adding pedicle screw 

fixation to fusion has been reported to increase the 

rate of arthrodesis for low grade spondylolisthesis24 , 

and also to improve clinical outcome25 .  A direct 

relationship between failure to achieve arthrodesis 

and unsatisfactory pain outcome was reported in a 

prospective study26 . Some other studies have also 

reported a direct relationship between failure to 

achieve a satisfactory arthrodesis and an 

unsatisfactory outcome27 . On the other hand, Schnee 

et al.28 reported good clinical results in only  60% of 

cases, though a 90% fusion rate had been achieved. 

They concluded that factors other than preoperative 

symptoms and radiographic fusion significantly 

influenced results. In this study, we found that good 

radiological fusion correlated with better  clinical and 

functional outcome. analysing the radiological fusion 

with clinical scores, good  radiological fusion grades 

correlated with lower  VAS scores for pain (p < 

0.01).  Objective assessment of clinical status in non-

traumatic lumbar disorders remains elusive29 . We 

used VAS score and ODI for a final as- sessment of 

results because we found it to be simple and it had 

been used in a study comparing results of  

transforaminal lumbar interbody fusion; our results 

showed a 92% satisfactory outcome and it is 

comparable to the 60–98% reported in the literature30 

. A strict comparison of results is, however, difficult 

because of differences in surgical procedures, types 

of bone grafts, choice of instrumentation, 

postoperative immobilization, rehabilitation and 

smoking. The results of our study showed a close 

relation between satisfactory clinical outcome (90%) 

and solid fusion (92%). They claim that in situ 

fixation has good comparable results with a low rate 

of complications31 . The distraction of a lumbar disc 

space serves to increase the cross-sectional area of 

the neural foramen and has been assumed to be of 

clinical value in relieving neural compression32 . 

Although the importance of restoration of disc space 

height (DSH) and segmental lordosis has been 

emphasized in numerous works, there are limited 

experimental data to validate these concepts in 

clinical practice33 . In our study, we demonstrated 

excellent clinical outcomes with a significant 

increase in DSH with cage fixation. A possible 

explanation for this might be that the elimination of 

segmental motion could stop irritation of a nerve root 

and result in symptomatic improvement with an 

increase in the dimensions of the neural foramen. 

Cheng et al. demonstrated that whole LL was 

improved after TLIF as a result of the spontaneous 

restoration of lordosis at the unfused lumbar levels in 

lumbar spondylolisthesis34. Jagannathan et al. found 

post- operative increased segmental and Global LL in 

their study. We found the same finding in our study 

with  TLIF35 . TLIF patients spent less days in 

hospital than PLIF patients in one study6. Also it is 

hypothesized that TLIF increases the approximate 

biomechanical stability more compared to PLIF and 

reduces stress at the cage-endplate interface better 

thereby maintaining spinal alignment36,37, which 

could influence long term outcome. 

Conclusion 

Low back ache is one of the common conditions that 

is seen in Orthopaedic practice. With 

spondylolisthesis being a  common condition and is 

found in about 5% to 7% of the population. 

In the earlier stages , the patient can be managed by 

nonoperative methods like rest, traction, lumbosacral 

corset, NSAID’s, physiotherapy and exercises.When 

these methods do not bear the expected results and 

when the other indications for the surgery as 
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mentioned earlier are met, then the option of surgery 

must be given to the patient. 

The goals of surgical management are as follows: 

1. Reduction of back and leg pain. 

2. Stabilization of unstable segment. 

3. Restoration of normal spine mechanisms, 

posture and gait. 

4. Reversal of neurological deficits. 

Reduction of listhesis of grade I and II is necessary 

for better relief. After the listhesis is reduced, the 

tension of the roots does disappear, and the transverse 

processes come into same level to put the interbody 

graft. It arrests deformity progression, post-operative 

pain is decreased, fusion length becomes limited, 

body posture and mechanics are restored and it 

improves appearance and self-image. In situ fusion 

can be attempted in these cases while reduction and 

fusion in the reduced positions should be attempted 

in cases of severe spondylolisthesis. Surgical fixation 

of spondylolisthesis using posterior stabilization with 

pedicle screw fixation with transforaminal lumbar 

interbody  fusion with cage is a safe, promising and 

appealing technique especially in low grade and high 

grade listhesis because  

1. It provides mechanical support and helps in  

biological bony fusion with placement of 

fenestrated kidney cage and maintaining the 

disc height across the segment 

2. With the help of TLIF the body weight is 

transferred across rod cage system making it 

more stable with minimal stress across the 

implant 

3. Implant failure rate was observed to be nil 

with this procedure as noted in our study 

because the body weight is passing through 

cage instead of the screws and rods making 

the implant more stable. 

References 

1. Robert N. Hensinger, Ann Arbor. Current 

Concept Review. Spondylolysis and 

Spondylolisthesis in Children and Adolescents. 

JBJS 1989; 71 A: 1098-1105. 

2. S. Seitsalo, K Osterman, H. Hyvarinen, D. 

Schlenzka, M.Poussa.Severe Spondylolisthesis in 

Children and Adolescents. JBJS 1990; 72 B: 

No.2: 259-265 

3. S.S. Rajaee, H.W. Bae, L.E.A. Kanim, R.B. 

Delamarter, Spinal fusion in the United States, 

Spine (Phila Pa 1976) 37 (1) (2012) 67–76, 

http://dx.doi.org/10.1097/BRS. 

0b013e31820cccfb 

4. Z.-J. Zhou, F.-D. Zhao, X.-Q. Fang, X. Zhao, S.-

W. Fan, Meta-analysis of instrumented posterior 

interbody fusion versus instrumented 

posterolateral fusion in the lumbar spine, J. 

Neurosurg. Spine 15 (3) (2011) 295–310, 

http://dx.doi.org/10.3171/2011.4.SPINE10330. 

5. Z. Audat, O. Moutasem, K. Yousef, B. 

Mohammad, Comparison of clinical and 

radiological results of posterolateral fusion, 

posterior lumbar interbody fusion and 

transforaminal lumbar interbody fusion 

techniques in the treatment of degenerative 

lumbar spine, Singap. Med. J. 53 (3) (2012) 183–

187. 

6. H.T. Hee, F.P. Castro, M.E. Majd, R.T. Holt, L. 

Myers, Anterior/posterior lumbar fusion versus 

transforaminal lumbar interbody fusion: analysis 

of complications and predictive factors, J. Spinal 

Disord. 14 (6) (2001) 533–540, 

http://dx.doi.org/10.1097/ 00002517-200112000-

00013. 

7. R.B. Cloward, The treatment of ruptured lumbar 

intervertebral discs by vertebral body fusion. I. 

Indications, operative technique, after care, J. 

Neurosurg. 10 (2) (1953) 154–168. 

8. J. Harms, H. Rolinger, A one-stager procedure in 

operative treatment of spondylolistheses: dorsal 

traction-reposition and anterior fusion (author's 

transl), Z. Orthop. Ihre Grenzgeb. 120 (3) (1981) 

343–347. 

9. J.-S. Park, Y.-B. Kim, H.-J. Hong, S.-N. Hwang, 

Comparison between posterior and transforaminal 

approaches for lumbar interbody fusion, J. 

Korean Neurosurg. Soc. 37 (2005) 340–344. 

10. S.C. Humphreys, S.D. Hodges, a.G. Patwardhan, 

J.C. Eck, R.B. Murphy, L.a. Covington, 

Comparison of posterior and transforaminal 

approaches to lumbar interbody fusion, Spine 

(Phila Pa 1976) 26 (5) (2001) 567–571, 

http://dx.doi.org/10.1097/BRS
http://dx.doi.org/10.3171/2011.4.SPINE10330
http://dx.doi.org/10.1097/


Dr. Pranay Kumar et al International Journal of Medical Science and Current Research (IJMSCR) 
 

 

 
Volume 5, Issue 2; March-April 2022; Page No 68-78 
© 2022 IJMSCR. All Rights Reserved 
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 
P

ag
e7

7
 

P
ag

e7
7

 

http://dx.doi.org/10.1097/00007632-200103010-

00023. 

11. N. Sakeb, K. Ahsan, Comparison of the early 

results of transforaminal lumbar interbody fusion 

and posterior lumbar interbody fusion in 

symptomatic lumbar instability, Indian J. Orthop. 

47 (3) (2013) 255, 

http://dx.doi.org/10.4103/2F0019-5413.111484. 

12. Lovis Rene. Fusion of lumbar and sacral spine by 

internal fixation with screws and plates. Clin 

Orthop 1986; 203: 18-33 

13. Potter BK , Freedman BA , Verwiebe E , Hall JM 

, Polly DW , Kuklo T . Transforaminal lumbar 

interbody fusion: clinical and radiographic results 

and complications in 100 consecutive patients. J 

Spinal Disord Tech 2005;18:337–46 . 

14. Rosenberg MS , Mummaneni PV . 

Transforaminal lumbar interbody fusion 

technique, complications and early results. 

Neurosurgery March 2001;48(3):569–74 . 

15.  Salehi SA , Tawk R , Ganju A , Lallorca F , Liu 

JC , Ondra SL . Transforaminal lumbar in- 

terbody fusion: surgical technique and results in 

24 patients. Neurosurgery February 

2004;54(2):368–74 .  

16. Wilson-McDonald J , Fairbank J , Frost H , Yu 

LM , Barker K , Collins R , Campbell H . Spine 

Stabilization Trial Group. The MRC spine 

stabilization trial: surgical meth- ods, outcomes, 

costs, and complications of surgical stabilization. 

Spine Oct 1, 2008;33(21):2334–40 . 

17.  Papadoulos S , Konstantinou D , Kourea HP , 

Kritikos N , Haftouras N , Tsolakis JA . Vascular 

injury complicating lumbar disc surgery. A 

systematic review. Eur J Vasc Endovasc Surg 

2002;24:189–95 . 

18. Zdeblick TA . A prospective randomized study of 

lumbar fusion: preliminary results. Spine June 15, 

1993;18(8):983–91 .  

19. France JC , Norman TL , Santrock RD , McGrath 

B , Simon BJ . Randomised prospective study of 

posterolateral fusion: outcome with and without 

pedicle screw instrumen- tation. Spine March 15, 

1999;24(6):553–60 . 

20.  Kornblat MD , Casey MP , Jacobs RR . Internal 

fixation in lumbosacral spine fusion: a 

biomechanical and clinical study. Clin Orthop 

Feb 1986;203:141–50 . 

21. Fritzell P , Hagg O , Wessberg P , Nordwall A . 

Swedish Lumbar Spine Study group. 2001 Volvo 

award winner in clinical studies. Lumbar fusion 

vs non-surgical treat- ment for chronic low back 

pain: a multicentre randomized controlled trial 

from the Swedish Lumbar Spine Study Group. 

Spine Dec 1, 2001;26(23):2521–32 Discussion 

p2532-4 . 

22. Sanderson PL , Fraser RD . The influence of 

pregnancy on the development of degen- erative 

spondylolisthesis. J Bone Joint Surg Br 1996;78-

B:951–4 .  

23. Hackenberg L, Halm H, Bullmann V. 

Transforaminal lumbar interbody fusion: a safe 

technique with satisfactory three to five year 

results. Eur Spine J 2005;14:551. 

https://doi.org/10.1007/s00586-004-0830-1 . 

24. Buttermann G , Garvey T , Hunt A , Transfeld E , 

Bradford D , Boachie-Adjei O , Ogilvie J . 

Lumbar fusion results related to diagnosis. Spine 

1998;23:116–27 .  

25. Ricciardi JE , Pflueger PC , Isaza JE . 

Transpedicular fixation for the treatment of isth- 

mic spondylolisthesis in adults. SpineSpine 

1995;20:1917–22 . 

26.  Kwon BK , Bilibrand AS , Malloy K . A critical 

analysis of the literature regarding sur- gical 

approach and outcome for adult low-grade 

isthmic spondylolisthesis. J Spinal Disord Tech 

2005;18:530–40   

27. McGuire RA , Amundson GM . The use of 

primary internal fixation in spondylolisthe- sis. 

SpineSpine 1993;18:1662–72 .  

28. El Masry MA , El Assuity WI , El Hawary YK . 

Instrumented insitu posterolateral fusion for low 

grade isthmic spondylolisthesis in adults. Acta 

Orthop Belg 2005;71(1):83–7 . 

29.  Steffee AD , Brantigan JW . The variable screw 

placement spinal fixation system. SpineSpine 

1993;18:1160–72 . 

http://dx.doi.org/10.1097/00007632-200103010-00023
http://dx.doi.org/10.1097/00007632-200103010-00023


Dr. Pranay Kumar et al International Journal of Medical Science and Current Research (IJMSCR) 
 

 

 
Volume 5, Issue 2; March-April 2022; Page No 68-78 
© 2022 IJMSCR. All Rights Reserved 
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 
P

ag
e7

8
 

P
ag

e7
8

 

30. Jacobs WC , Vreeling A , De Kleuver M . Fusion 

for low - grade adult isthmic spondy- lolisthesis: 

a systemic review of the literature. Eur Spine J 

2006;15(4):391–402 . 

31. Butt MF , Dhar SA , Hakeem I , Farooq M , 

Halwai MA , Mir MR , Kangu KA . In situ in- 

strumented posterolateral fusion without 

decompression in symptomatic low-grade isthmic 

spondylolisthesis in adults. Int Orthop Oct 

2008;32(5):663–9 . 

32. Chen D , Fay LA , Lok J , et al. Increasing 

neuroforaminal volume by anterior interbody 

distraction in degenerative lumbar spine. 

SpineSpine 1995;20:74–9 .  

33.  Brantigan JW , Neidre A . Achievement of 

normal sagittal plane alignment using a wedged 

carbon fiber reinforced polymer fusion cage in 

treatment of spondylolisthe- sis. Spine J 

2003;3:186–96 . 

34. Jagannathan J , Sansur CA , Oskouian RJ Jr , Fu 

KM , Shaffrey CI . Radiographic restora- tion of 

lumbar alignment after transforaminal lumbar 

interbody fusion. Neuro- surgeryNeurosurgery 

2009;64:955–63 . 

35. Ould ‐Slimane M , Lenoir T , Dauzac C , 

Rillardon L , Hoffmann E , Guigui P , et al. In- 

fluence of transforaminal lumbar interbody fusion 

procedures on spinal and pelvic parameters of 

sagittal balance. Eur Spine J 2012;21:1200–6 . 

36. H. Xu, H. Tang, X. Guan, et al., Biomechanical 

comparison of posterior lumbar interbody fusion 

and transforaminal lumbar interbody fusion by 

finite element analysis, Neurosurgery 72 (March) 

(2013) 21–26, http://dx.doi.org/10.1227/NEU. 

0b013e3182742a69. 

37. S. Gödde, E. Fritsch,M. Dienst, D. Kohn, 

Influence of cage geometry on sagittal alignment 

in instrumented posterior lumbar interbody 

fusion, Spine (Phila Pa 1976) 28(15) (2003) 

1693–1699, 

http://dx.doi.org/10.1097/01.BRS.0000083167.78

853.D5.

 

http://dx.doi.org/10.1227/NEU.%200b013e3182742a69
http://dx.doi.org/10.1227/NEU.%200b013e3182742a69

