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Spinal fusion has shown satisfactory efficacy in the treatment of adult patients with low-grade isthmic 
spondylolisthesis (LGIS), however, the efficacy of direct repair (DR) for LGIS has not been established, 
and there is as yet a few reports on it. To assess the clinical efficacy of DR with the pedicle screw-
rod-hook (PSRH) fixation and transforaminal lumbar interbody fusion (TLIF) in adult patients with 
symptomatic LGIS. A total of 140 adult patients with LGIS were enrolled from April 2009 to December 
2018, of whom, 69 cases underwent DR using the PSRH system and 71 cases underwent TLIF, with 
clinical efficacy evaluated comparatively using clinical and radiological assessments. The patients 
in both groups showed satisfactory pain relief efficacy and improvement in lumbar spine function. 
Bone fusion rate was 97.10% in the DR group vs. 100% in the TLIF group. The range of motion (ROM) 
of the surgical segment was significantly decreased from 13.72 ± 6.73 preoperatively to 11.60 ± 9.70 
at the final follow-up (FFU) in the DR group and lost in the TLIF group, however, that of the upper 
intervertebral space (UIS) in each group or between groups before and after operation did not differ 
significantly. Both DR and TLIF are effective for adult patients with LGIS. As compared with TLIF, DR 
is more effective in preserving the ROM of the operative segment yet with less impact on adjacent 
segments.

Spondylolysis is defined as a defect in pars interarticularis of lumbar vertebra1. Approximately 39–82% cases of 
spondylolysis progress to spondylolisthesis2,3. Isthmic spondylolisthesis (IS) is the anterior translation of one 
lumbar vertebra relative to the next caudal segment due to pars interarticularis defect4. IS occurs in 3.7–8% of the 
general adult population4, and approximately 60% of the adult lysis cases present low-grade (Meyerding5 grade I/
II) isthmic spondylolisthesis6 (LGIS). Low back pain (LBP) is the most common clinical symptom. The patients 
with no response to nonsurgical treatment for ≥ 6-months or those with progressive worsening of symptoms or 
neurologic deficit may benefit from surgical management with direct repair (DR) or spinal fusion7,8.

The spinal fusion was found to be associated with satisfactory pain relief, and improved lumbar spine 
function, a high fusion rate, which thus is widely used to treat patients with LGIS9–12. However, fusion surgery 
may lead to a loss of the surgical segment motion, potentially causing spinal stiffness and an increased incidence 
of adjacent segment disk degeneration (ASD). DR may be a better option because it contributes to normal 
anatomy and preserves the motion of the affected segment13. The DR techniques, including Buck’s method14, 
Nicol and Scott transverse steel wire15,16, Morscher hook-screw17, pedicle screw-rod-hook (PSRH) fixation18, 
pedicle screw with a U-shaped or V-shaped rod7, mainly used for the treatment of lumbar spondylolysis 
showed satisfactory efficacy19,20 but rarely used exclusively for LGIS19,21–23. There are as yet few comparative 
studies on the efficacy of interbody fusion and DR24,25. The results of Schlenzka et al.25,26 showed that the fusion 
group did significantly better at the mean follow-up of 14.8 years than in Scott’s wiring group by compared 
with posterolateral segmental fusion without instrumentation in patients with IS and LGIS. The Scott’s wiring 
technique showed little efficacy in reducing the slipped vertebral body and the isthmic defect area, thus affecting 
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spondylolysis fusion and the long-term efficacy. DR using the PSHR system showed satisfactory clinical efficacy 
for lumbar spondylolysis and for LGIS in a small number of cases7,27. Whether DR using the PSHR system is 
more safe and effective than lumbar interbody fusion in patients with LGIS remains unknown. The aim of this 
study is to evaluate the clinical efficacy of DR using PSRH system versus transforaminal lumbar interbody fusion 
(TLIF) in adult patients with LGIS.

Materials and methods
Ethics statement
This retrospective study was approved by the Institutional Review Board of the Third Affiliated Hospital of 
Chongqing Medical University (Approval No. KY22039) and conducted in accordance with the Declaration 
of Helsinki. Due to the retrospective nature of the study, the Institutional Review Board of the Third Affiliated 
Hospital of Chongqing Medical University waived the need of obtaining informed consent’ in the manuscript.

Patient population
The included patients should meet the inclusion criteria including symptomatic single-segment low-grade 
(Meyerding grade I/II) bilateral IS, lack of response to conservative treatment for at least 6 months, disabling 
LBP with or without radiating pain in lower extremities or neurological deficit, and follow-up of at least 2 years 
were included. Those patients with severe osteoporosis, scoliosis, fractures, infection, tumors, previous lumbar 
surgery, and psychological disorders were excluded from this study.

Between April 2009 and December 2018 in our department, a total of 140 patients with LGIS meeting 
the inclusion criteria were included in our study, with 69 cases undergoing DR with the PSRH system and 71 
patients undergoing TLIF. Detailed information for each group is shown in Table 1. The data that support the 
findings of this study are available on request from the corresponding author. The data are not publicly available 
due to privacy or ethical restrictions. The patients without radicular pain (but possibly radiating pain down 
to the thighs) and neurological deficit, and their intervertebral disc degeneration was evaluated at ≤ Grade 3 
by Pfirrmann’s classification28 with the discal height of above two-thirds of its normal height were assigned to 
receive DR, otherwise to receive TLIF.

Preoperative management
Preoperative radiological assessments included radiography for examination of isthmic defect, vertebral slip, 
3-dimensional reconstruction computed tomography (CT) for examination of the pars defect and pedicle size, 
excluding lumbar intervertebral disc herniation, spinal stenosis, and magnetic resonance imaging (MRI) for 
assessing the level of disc degeneration by the Pfirrmann grading systems28, foraminal stenosis, and nerve root 
compression.

Surgical technique
A posterior midline longitudinal incision was made under general anesthesia. Through the Wiltse intermuscular 
approach29, the following structures were exposed bilaterally: the pars interarticularis, laminas, base of the 
transverse processes, and screw entry points (positioned at the mammillary process, corresponding to the 
junction of the proximal third of the transverse process and the lateral margin of the superior articular facet in 
the lumbar spine).

Direct repair (DR) protocol
In the DR group, under direct visualization, the local soft tissue, the fibrocartilaginous tissue and sclerotic bone 
edges within the pars interarticularis defect were curetted until punctuate bleeding from cancellous bone was 
observed. Autogenous cancellous bone graft was harvested through the same midline fascial incision via a 
subcutaneous tunneling downward to the posterosuperior iliac crest, where a 3 × 1  cm cortical window was 
created using a 4-mm osteotome for cortical opening followed by a curved curette, with preservation of the inner 

Direct repair (N = 69) TLIF (N = 71)

Age in Yrs, (range) 37.00 ± 21.00 (15–64) 51.00 ± 12.00 (33–75)

Gender, n (%)

 Male 37 (53.62) 22(30.99)

 Female 32 (46.38) 49(69.01)

 Leg pain, n (%) 15 (21.74) 54(76.06)

Level treated, n (%)

 L5 56 (81.16) 42(59.15)

 L4 13 (18.84) 28(39.44)

 L3 0 1(1.41)

 Operation time, (range) (min) 193.17 ± 48.79 (120–347) 205.00 ± 75.00 (120–344)

 Blood loss, (range) (ml) 70.00 ± 30.00 (30–180) 200.00 ± 150.00 (80–800)

Table 1. General data (Mean ± SD/M ± IQR). Values in the age, blood loss, and operation time of segmental 
fusion data represent M ± IQR, and operation time of direct repair represent mean ± SD. N total population; n 
number of patients; SD standard deviation; M median, IQR interquartile range.
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cortical table. The bone window was reapproximated and secured using #2 Ethibond sutures in a horizontal 
mattress pattern through 1.2-mm drill holes at the cortical margins. Bilateral long-tailed pedicle screws (length 
determined by preoperative CT measurements) were inserted into the lytic vertebra, targeting the pedicle axis 
under fluoroscopic guidance. Reduction technique: A lamina hook was precisely anchored to the inferior edge of 
the pathologic lamina. The pre-bent titanium rod was primarily secured to the hook assembly, with subsequent 
gradual cantilever reduction achieved through sequential tightening between the screw’s extended tabs and rod 
construct. Fusion: The isthmic defect was reduced through final compression and locking between the laminar 
hooks and pedicle screws along the titanium rod. Decortication of the lamina and pars surfaces was performed 
using a high-speed burr. Harvested cancellous bone was grafted over the decorticated bilateral pars defects 
and laminae. The surgical incision was closed in a layered manner after subfascial drainage placement, with 
subsequent approximation of subcutaneous tissue followed by skin closure.

In the TLIF group, after exposure of laminas and the bilateral facet joints at each level of the spinal segment to 
be fused, a standard TLIF procedure was used to perform decompression, reduction, fusion, and pedicle screw 
fixation30.

Postoperative care
The patients were allowed to walk with a brace for 3 months to limit extension and torsion movements and do 
proper functional exercise. All enrolled patients underwent a systematic follow-up protocol comprising both 
clinical evaluations and radiological assessments. The initial postoperative evaluation was conducted within 
the first 72 h postoperatively, followed by comprehensive follow-up assessments at 3, 6, 12, 18, and 24 months 
after surgical intervention. Subsequent annual evaluations were maintained thereafter. Regarding imaging 
surveillance, computed tomography (CT) scans were systematically obtained at 6-month intervals during 
the critical bone remodeling phase (specifically at 6, 12, and 18  months post-operation) until radiographic 
confirmation of bone healing was achieved. For longitudinal assessment of intervertebral disc remodeling and 
early detection of degenerative changes, serial MRI evaluations were performed using T2-weighted sequences 
at biennial intervals (2, 4, 6, 8, and 10 years postoperatively). This protocol specifically targeted morphological 
integrity, nuclear hydration status, and adjacent segment degeneration, with particular attention to recurrent 
herniation and annular fibrosis formation.

Evaluation criteria
Clinical outcome assessments
The clinical outcomes were measured using the Visual Analog Scale (VAS) of LBP and lower extremity pain, the 
Oswestry Disability Index (ODI) of the functional outcome, and the Prolo score of the functional and economic 
statutes31. The length of the operation time, the amount of blood loss, and surgical complications were assessed.

Radiological assessments
The radiologic outcomes32 (Fig. 1) included disc height (DH), slip distance (SD), slipping percentage (SP), slip 
angle (SA), upper intervertebral space angle (UISA), lumbar lordosis (LL), the range of motion of the surgical 
intervertebral space (ROMSIS) and upper intervertebral space (ROMUIS) and the isthmic and intervertebral 
union.

Points a, d, e and f represent the front and rear edges of the upper endplate of S1 and the lower endplate of L5, 
respectively. Line segments da, gh, jk are lines paralleling to the upper endplates of S1, L5 and L1, respectively, 
and segments ef and ih are lines paralleling to the lower endplates of L5 and L4, respectively. Lines gh and ih 
intersect at point h to form ∠β. Perpendicular lines were drawn from point e and f to the line segment da with 
intersection of points d′ and b, respectively. Point d and point d′ coincide with each other. Point c is corresponds 

Fig. 1. Radiographic measurements.
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to the trailing edge of the lower endplate of L5 on S1. da and ef are respectively extended lines and they intersect 
at point o, forming ∠α.

DH = 1/2(de + bf), SD = ca, SP = ca/da*100%, SA = ∠doe = ∠α, UISA = ∠ghi = ∠β, LL = The angle formed by 
the lines da and jk.

Bone fusion was evaluated based on axial and sagittal CT images33 (Fig. 2 G and H). MRI scan was performed 
for evaluating the intervertebral disc degeneration using the Pfirrmann grading system28 both before the 
operation and at the final follow‐up (FFU).

Statistical analysis
All statistical analyses were performed with the use of SPSS version 26.0 statistical software (SPSS, Inc., Chicago, 
IL, USA). The measurement data in normal distribution but disconformity to the median ± interquartile range 
were expressed as the mean ± standard deviation. Repeated-measures ANOVA was used for the comparison 
within each group or between groups at three time points, and the data that were not normally distributed were 
corrected by the Mauchly test of sphericity. For data that were not normally distributed, the comparison within 
each group was made using the Wilcoxon matched-pairs signed rank test and that between groups using Mann–
Whitney U test. Comparison of the categorical data between groups was performed using the chi-square test, 
and that of the ordered categorical data using the rank-sum test. Values of P < 0.05 were considered statistically 
significant.

Results
Clinical assessments
Both cohorts maintained complete follow-up compliance (DR: 54.4 ± 11.8 vs. TLIF: 53.4 ± 7.6  months) with 
no attrition. Intergroup comparison confirmed equivalent observation periods (P = 0.518) in this retrospective 
matched study. The general data of the patients are summarized in Table 1. The baselines of the two groups were 
not uniform. The VAS and ODI scores are shown in Table 2. The modified Prolo score indicating the ability to 
restart work and leisure activities was evaluated as “Excellent” in 64 patients (92.75%) and “Good” in 5 patients 
(7.25%) in the DR group, as compared with “Excellent” in 64 patients (90.14%) and “Good” in 7 patients (9.86%) 
in the TLIF group at the FFU. Poor outcome was noted in none.

Radiological assessments
Radiographic findings and slip reduction assessments are shown in Table 3 and Table 4. Successful bone fusion 
was achieved in 67 cases (97.10%) for the DR group and 71 cases (100%) for the TLIF group. Typical cases are 
shown in Fig. 2. The assessments of intervertebral disc degeneration are presented in Table 5. The disc signal 
intensity at the surgical segment and the upper adjacent segment in the DR group and that at the upper adjacent 
segment in the TLIF group decreased significantly at FFU compared with before the operation (P = 0.000 < 0.05).

Fig. 2. A 48-year-old female patient with LGIS of the L4 underwent direct pars repair using a PSRH system. 
(A–D) Show the preoperative X-rays of the lumbar spine in anteroposterior, sagittal, and hyperextension and 
flexion, suggesting LGIS of the L4 plus isthmic defect. The slipping percentage of L4 is 20.99%. The height 
and range of motion (ROM) of the L4–5 intervertebral disc is 10.55 mm and 25.8°, respectively. (E, F) Are 
the postoperative x-ray findings, showing that the isthmic defect has been repaired by PSRH system, and the 
lumbar 4 spondylolisthesis has been reset. Radiograms (G and H) are CT scans of the lumbar spine on the 
6th postoperative month, showing bone fusion for the bilateral isthmic defect. (I–L) Are the x-ray findings 
at 24 months before and after the removal of internal fixation following the first operation. The slipping 
percentage of L4 is 10.31%. The disc height and ROM of L4–5 is 9.5 mm and 14.9°, respectively, and the ROM 
of the upper segment is 10°.
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Index Direct repair TLIF Z scores P value

Slip rate (%) 21.74 ± 9.08 29.82 ± 8.18 − 5.616 0.00

Reduction rate (%) 66.67 ± 53.00 100.00 ± 27.21 − 3.649 0.00

Reduction LOSS RATE (%) 5.62 ± 13.09 1.48 ± 6.82 − 2.010 0.04

Table 4. Slip reduction assessments (M ± IQR) .

 

Index Follow-up time point Direct repair TLIF P value

DH (mm)

Preoperative 12.36 ± 2.16a 7.30 ± 3.01ab 0.000

Postoperative 14.19 ± 2.10ac 13.20 ± 1.71ac 0.003

FFU 12.20 ± 2.14c 12.14 ± 1.55bc 0.840

SD (mm)

Preoperative 8.60 ± 3.80ab 11.70 ± 4.63ab 0.000

Postoperative 3.50 ± 5.05a 0 ± 3.20ac 0.003

FFU 3.30 ± 4.95b 2.00 ± 3.80bc 0.027

SP (%)

Preoperative 21.74 ± 9.08ab 29.82 ± 8.18ab 0.000

Postoperative 8.43 ± 12.68a 0 ± 8.63ac 0.006

FFU 8.00 ± 11.97b 5.19 ± 10.05bc 0.050

SA (°)

Preoperative 12.28 ± 6.25 5.77 ± 6.91ab 0.000

Postoperative 11.35 ± 5.54 12.01 ± 4.58a 0.444

FFU 10.84 ± 4.82 11.18 ± 4.12b 0.656

UISA (°)

Preoperative 12.16 ± 2.51a 12.02 ± 3.46ab 0.793

Postoperative 9.26 ± 2.76ac 9.62 ± 2.81ac 0.441

FFU 11.50 ± 2.50c 13.83 ± 1.83bc 0.000

LL (°)

Preoperative 51.96 ± 11.97a 51.26 ± 11.46ab 0.725

Postoperative 43.20 ± 14.40ac 45.43 ± 10.51ac 0.079

FFU 54.60 ± 13.55c 56.30 ± 7.90bc 0.001

ROMSIS (°)

Preoperative 13.72 ± 6.73ab 7.68 ± 5.02ab 0.000

Postop 6 months 8.12 ± 5.17ac 0.10 ± 0.20a 0.000

FFU 11.60 ± 9.70bc 0b 0.000

ROMUIS (°)

Preoperative 10.77 ± 5.30 7.39 ± 6.60 0.043

Postop 6 months 9.26 ± 4.95c 9.11 ± 3.32c 0.830

FFU 10.97 ± 4.91c 10.50 ± 2.80c 0.618

Table 3. Radiological assessments (Mean ± SD/M ± IQR). DH disc height; SD slip distance; SP slipping 
percentage; SA slip angle; UISA upper intervertebral space angle; LL lumbar lordosis; ROMSIS range of motion 
of the surgical intervertebral space; ROMUIS range of motion of the upper intervertebral space aPreoperative 
VS postoperative (P < 0.05); bPreoperative VS FFU (P < 0.05); cPostoperative VS FFU (P < 0.05)

 

Index Direct repair TLIF P value

VAS-lumbar

 Preoperative 6.00 ± 1.00ab 5.00 ± 1.00ab 0.000

 Postoperative 2.00 ± 1.00ac 3.00 ± 1.00ac 0.002

 FFU 1.00 ± 2.00bc 1.00 ± 2.00bc 0.520

VAS-leg

 Preoperative 3.00 ± 1.00ab 6.00 ± 2.00ab 0.000

 Postoperative 0 ± 1.00a 1.00 ± 1.00ac 0.000

 FFU 0 ± 0b 0 ± 0bc 0.317

ODI

 Preoperative 50.00 ± 7.00ab 52.00 ± 8.00ab 0.053

 Postoperative 20.00 ± 8.30ac 24.00 ± 10.00ac 0.029

 FFU 10.00 ± 8.00bc 10.00 ± 8.00bc 0.422

Table 2. Clinical outcome assessments(M ± IQR). ODI Oswestry disability index; VAS visual analogue scale 
(VAS); FFU final follow-up. aPreoperative VS postoperative (P < 0.05); bPreoperative VS FFU (P < 0.05); 
cPostoperative VS FFU (P < 0.05).
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Complications
Operative complications are shown in Table 6. Implant failure or donor site complications occurred in none 
of the patients for both groups. In the DR group, of the total 5 cases with complications, one internal fixation-
related LBP case presented healing of the isthmus at the onset of a symptom of LBP, with symptom relieved after 
removal of the internal fixation; of the 2 nonunion cases, 1 case received reoperation, and 1 received follow-up 
observation alone. In the TLIF group, 6 (8.45%) had complications, however, they all recovered after being given 
corresponding treatments including debridement, anti-infection, and open drainage among others.

Discussion
LBP is a major public health issue throughout the world, leading to a high burden steadily from 1990 to 201934. 
IS, predominantly LGIS6, is a common cause of LBP4. Surgery should be considered when conservative treatment 
fails.

Spinal fusion
Spinal fusion has been widely accepted as the treatment of symptomatic LGIS12. PLIF, TLIF, PLF, ALIF, and 360° 
circumferential fusion have resulted in satisfactory pain relief and a high bone fusion rate yet few complications 
in patients with LGIS9–11. In our study, the TLIF group showed significant improvements in LBP and lumbar 
function after the operation and the spondylolisthesis reduction and maintenance, and a higher intervertebral 
fusion rate (100%) than those reported in other similar studies (TLIF, 93–94%)35,36. However, some researchers 
believe that fusion surgery may lead to ASD and increase the risk of reoperation37,38. Kim et al.37 reported that 
the prevalence of radiologic versus clinical adjacent segment diseases in L4–L5 IS patients undergoing single-
level interbody fusion was 72.2% and 15.9%, respectively. The incidence of ASD after L4–L5 fusion requiring 
reoperation was 25.2%39. The TLIF group in our study showed increases in the range of motion (ROM) and 
angle of the upper intervertebral space, and aggravation in radiologic ASD at the FFU as compared with before 
the operation. The aggravation of ASD might be attributed to the altered kinematics of the adjacent segments 
following fusion and redistribution of the mobility toward relative hypermobility in the adjacent levels40. Spinal 
fusion is associated with increased ASD but not associated with clinical outcome41. At the FFU, recurrence of 
pain or impaired lumbar spine function occurred in none of the patients in our study.

The advantage of DR is that it helps maintain the motion of the operative segment yet with little effect on the 
adjacent segment13. DR used for the treatment of spondylolysis has demonstrated satisfactory results20,40,42,43. 
However, the efficacy of DR in patients with LGIS remains unclear.

Feasibility of DR using the PSRH system for LGIS
In 1968, Kimura44 reported the first bone graft without internal fixation to directly repair the pars interarticularis. 
Since then, many DR techniques developed rapidly and contribute to improved surgical success rates in 
spondylolysis. However, for the LGIS patients, accurate screw placement for the Buck method was the main 
technical difficulty due to the slippage. In the Buck, Scott, and Morscher method, the reduction of the slipped 
vertebral body is difficult due to poor reduction force, and the internal fixation has a high risk of loosening and 
breakage, leading to a low bone fusion rate of the pars7,25,40. PSRH system is biomechanical excellent in terms of 

Postoperative complications n (%), N = 69 n (%), N = 71

Nonunion 2 (2.90%) 0

Postoperative sciatica 1 (1.45%) 0

Superficial wound infections 1 (1.45%) 3 (4.23%)

Internal fixation-related LBP 1 (1.45%) 0

Subcutaneous seroma 0 2 (2.82%)

Cerebrospinal fluid leakage 0 1 (1.41%)

Total 5 (7.25%) 6 (8.45%)

Table 6. Complications. N is the total number of patients, and n is the number of patients with complications.

 

pr

FFU

Direct repair (N = 69) TLIF (N = 71)

Grades 1 2 3 4 – 1 2 3 4

1 2/8* 3/3* 3*

2 18/36* 2/14* 2* 23*

3 2/1* 21/5* 21/2* 2 31* 8*

4 34 4*

5 35

Table 5. MRI classification of disc degeneration by the Pfirrmann grading system. N total number of patients; 
Pre preoperative; FFU final follow-up. *Represents upper adjacent segment data.
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intervertebral flexion and extension stiffness or intervertebral torsional stiffness in the current several surgical 
methods45–47. The pedicle screw-based DR was associated with a low frequency of screw pullout because they 
provide firm fixation in three columns7.

Therefore, the PSRH system has a good biomechanical basis in the treatment of LGIS. The satisfactory 
efficacy of DR with the PSRH system has been reported in the treatment of spondylolysis, including a small 
number of LGIS cases40. In our study, both surgical cohorts demonstrated clinically meaningful improvements 
exceeding established MCID thresholds48. In the DR group, lumbar VAS scores decreased from 6 to 1, while 
TLIF patients showed reduction from 5 to 1, both surpassing the 2.1-point MCID benchmark for surgical 
interventions. Parallel functional improvements were observed in ODI outcomes, with DR patients achieving 
a 40% reduction (50% → 10%) and TLIF patients a 42% decrease (52% → 10%), exceeding the 14.9-point MCID 
threshold for disability index. These outcomes confirm that both techniques enabled clinically significant pain 
mitigation and functional restoration.

Effects of DR on the surgical segment
As we all know, DR can preserve the ROM of the operative segment. Patients in the DR group showed satisfactory 
activity of the operative segment at the FFU, although its activity significantly decreased from 13.72 ± 6.73 
preoperatively to 11.60 ± 9.70. Fan et al.45 reported that following the performance of TSRH’s Hook plus screw 
fixation, modified Scott’s fixation, screw–rod construct, and Buck’s fixation at the L4-L5, the flexion–extension 
of the operative segment retained a ROM of about 10.5 degrees. Schlenzka et al.25 reported a decrease in the 
ROM of the operated segment from 13.2° preoperatively to 9.9° at the FFU in spondylolysis and LGIS by DR 
using Scott’s technique. Li et al.49 reported that the range of motion of the surgical segment in the PSVPH 
group decreased from 13.44 ± 3.99° preoperatively to 7.12 ± 1.79° at the final follow-up. The ROM of the surgical 
segment in our study was better than that reported above.

Currently, there is limited literature reporting the reoperation rates of stabilized segments following direct 
repair surgery, with most cases involving reoperations due to postoperative wound infections or non-union 
of the isthmus49,50. In our study, the height and slip angle of the intervertebral disc on the involved segment 
at the FFU showed no significant change in the DR group but the grade of disc degeneration was higher than 
that before surgery, which might be attributed to the natural degeneration of the intervertebral disc. After DR 
surgery, the posterior lumbar column unloads a small portion of the compressive stress of the anterior-middle 
column of the lumbar spine51, but the preoperative degenerated intervertebral disc was not restored, and the 
anterior-middle column still bearing most of the compressive stress, therefore, intervertebral disc degeneration 
might progress. However, signs of disc degeneration were not correlated to pain or patient outcomes. At the FFU, 
the patients with disc signal modification achieved satisfactory pain relief and regained a high quality of life.

Influence of DR on adjacent segments and lumbar curvature
The results of ASD assessments were to some extent unexpected. The DR group at the FFU showed insignificant 
changes in UISA, ROMUIS, and LL as compared with before the operation, but higher grades of intervertebral 
disc degeneration than that before the operation. Li et al.49 reported that in the PSVPH group, the ROM of 
the adjacent segment increased from 3.27 ± 1.22° preoperatively to 3.40 ± 0.92° at the final follow-up, with 
an occurrence rate of ASD of 12% (3/25) in patients treated for lumbar spondylolysis. Schlenzka et al.25 also 
found a similar phenomenon in the higher grades of adjacent disc degeneration at the FFU than that before 
the operation, while not proposing any related mechanism. At the final follow-up in the DR group, none of the 
patients exhibited clinical symptoms or required reoperation due to degeneration of adjacent segments. The 
changes observed in the adjacent segments on MRI may be attributed to a natural degeneration process, which 
warrants clarification in future studies.

Efficacy of two surgical methods in spondylolisthesis reduction and bone fusion
The purpose of lumbar interbody fusion surgery for patients with lumbar spinal stenosis resulting from LGIS 
is primarily focused on decompression rather than reduction 12. On the contrary, satisfactory reduction is very 
important for DR surgery. In the DR group, reduction of the slip was significantly improved and the bone fusion 
rate was 96.86%, which was even higher than those reported in some spondylolysis studies (52%-91%)33,40,42,49. 
Zayan et al.50 reported that the fusion rate for pars repair surgery utilizing pedicle screws and laminar hooks was 
86.4% in a study involving 22 patients with symptomatic lumbar spondylolysis. PSRH system is associated with 
satisfactory reduction and maintenance of the slip, a reduction in the defect area of the isthmus, and the creation 
of a favorable environment for bone fusion. Preoperatively, the degree of spondylolisthesis in the TLIF group was 
more severe than that in the DR group. However, the reduction rate, loss rate, and bone fusion rate in the TLIF 
group are better than those in the DR group and those reported by many other similar studies11,52.

Overall, DR surgery not only provides effective pain relief and improves lumbar function but also preserves 
the ROM of stabilized segments without increasing degeneration in adjacent segments, thereby enhancing 
patients’ quality of life. It is anticipated that it will demonstrate even better performance in the field of non-
fusion lumbar surgery in the future.

There are several limitations to this study. First, this is a retrospective study, and the baseline characteristics 
of the two groups were not well-balanced, reducing comparability. Second, the sample size was relatively small, 
which may limit the statistical power and generalizability of the findings. The reliability of our results needs 
further validation through prospective, multicenter studies with larger sample sizes and longer follow-up 
periods using similar techniques.
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Conclusion
Both DR and TLIF showed satisfactory clinical efficacy for adult patients with LGIS. DR is better than TLIF in 
preserving the ROM of the operative segment yet with less impact on adjacent segments.

Data availability
The data that support the findings of this study are available on request from the corresponding author. The data 
are not publicly available due to privacy or ethical restrictions.
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