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Abstract: Objective: To compare the surgical metrics, improvement of functional scores, and clinical efficacy of per-
cutaneous endoscopic transforaminal discectomy (PETD) and percutaneous endoscopic interlaminar discectomy 
(PEID) and to analyze the independent risk factors affecting the therapeutic efficacy of PETD. Methods: The clinical 
data of LDH (lumbar disc herniation) patients who underwent treatment in Shaanxi Provincial Nuclear Industry 215 
Hospital from May 2020 to May 2022 were retrospectively collected, including 70 PEID cases and 74 PETD cases. 
The two groups were compared in terms of surgical indexes, such as operation time and bleeding volume, as well 
as changes in functional scores, such as preoperative and postoperative Visual Analogue Scale (VAS) scores and 
Oswestry Disability Index (ODI). The clinical efficacy was evaluated according to the Macnab criteria, and logistic 
regression analysis was performed to determine the independent influencing factors of the treatment efficacy of 
PETD. Results: The differences between the two surgical groups were statistically significant in terms of operation 
time (P<0.001), bleeding (P=0.005), and C-arm X-ray exposure times (P<0.001), and the above indexes were higher 
in the PETD group; however, there were no statistical differences in terms of improvement in functional scores 
(P>0.05) and clinical efficacy (P>0.05) between the two groups. BMI≥25 kg/m2 (P=0.001), severe disc degenera-
tion (P=0.003), and operation time ≥60 min (P=0.003), severe disc degeneration (P=0.003), and operation time 
≥60 min (P=0.036) were independent risk factors for the outcome of PETD. Conclusion: The clinical effectiveness 
of PEID and PETD in treating LDH is comparable, and each has its own advantages. While PETD is more technically 
demanding, it does not yield superior results. Obesity, severe disc degeneration, and prolonged surgery are risk fac-
tors for the treatment efficacy of PETD.
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Introduction

With the aging of society, coupled with 
unhealthy lifestyle habits, low back pain has 
generally become a critical health problem that 
inhibits the quality of life of people [1]. Pain not 
only reduces a person’s ability to function in 
daily life and work but also may lead to disabil-
ity, imposing heavy economic burden on the 
individual and society [2]. Research data sug-
gests that approximately 70% of the population 
will experience low back pain at least once in 
their lifetime, with an annual prevalence rang-
ing between 15% and 45% [3]. Approximately, 
5% of men and 2.5% of women may experience 

sciatica [4]. Lumbar disc herniation (LDH), 
responsible for about 50% of back pain, is a 
prevalent issue in degenerative spinal disor-
ders [5]. Notably, not only has the incidence of 
LDH increased dramatically over the past two 
decades, but the age group of patients has also 
tended to be younger [6].

The therapeutic landscape for LDH encom- 
passes conservative treatment, traditional 
open surgical treatment, and minimally invasive 
interventions, forming the core therapeutic 
modalities [7]. As the foundation of LDH treat-
ment, conservative treatment provides signifi-
cant symptomatic relief in more than 90% of 
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patients [8]. However, when prolonged conser-
vative treatment fails to achieve significant 
symptomatic relief or even exacerbates symp-
toms such as nerve damage, surgical treat-
ment becomes imperative [9]. Traditional open 
surgery, as a mainstream surgical method, has 
the advantages of quickly relieving the com-
pression on the nerve root, significantly reduc-
ing pain, and completely removing the herniat-
ed areas [10]. However, it may result in anatom-
ical changes in the surgical area, necessitating 
additional fixation materials to maintain post-
operative spinal stability, which is accompanied 
by more significant trauma, higher costs, and 
extended hospital stays, as well as new pain 
caused by adjacent spinal lesions and postop-
erative scars [11].

With the advancement of technology and rising 
patient demand, minimally invasive interven-
tions, especially spinal endoscopic techniques, 
have become a new trend in the treatment of 
LDH [12]. It not only has the advantages of 
being capable of being conducted under local 
anesthesia, minor trauma, and rapid recovery 
but also provides a more direct view of the her-
niation and its surrounding nerves and tissues, 
as well as more thorough removal compared 
with other minimally invasive techniques [13]. 
Spinal endoscopic methods are subdivided  
into percutaneous endoscopic transforaminal 
discectomy (PETD) and percutaneous endo-
scopic interlaminar discectomy (PEID) accord-
ing to the surgical route, of which PETD is widely 
used in the clinic because of its good decom-
pression effect and low complication rate [14]. 
Even so, there are still some patients who have 
poor outcomes after PETD and require further 
conservative treatment or repeat surgery, 
which highlights the importance of an in-depth 
study of the risk factors affecting the outcome 
of PETD.

In addition, we also identified and evaluated 
various relevant risk factors affecting the LDH 
treatment efficacy to elucidate the relationship 
between these risk factors and the therapeutic 
effects, to provide more valuable references 
and guide to future clinical practice.

Methods and materials

Sample sources

Clinical data of LDH patients who under- 
went treatment at Shaanxi Provincial Nuclear 

Industry 215 Hospital from May 2020 to May 
2022 were retrospectively collected.

Inclusion criteria: ① patients showed typical 
radicular symptoms in the lower limbs and were 
diagnosed as single-segment herniation by CT 
or MRI, and their symptoms were not relieved 
or did not improve significantly after three 
months of conservative treatment; ② patients 
did not have lumbar disc herniation in other 
segments during their history; ③ the surgeries 
were performed through the foramen magnum 
approach; ④ the herniated components of  
the LDH were limited to L3/4, L4/5, and L5/S1; 
and ⑤ the same senior surgeon performed all 
surgeries. The same senior physician per-
formed all surgeries, and the routine surgical 
procedures were strictly followed.

Exclusion criteria: ① patients lost during follow-
up; ② patients with incomplete imaging data; 
③ patients with a history of spinal surgery; ④ 
patients with other spine-related diseases; ⑤ 
patients with multi-segmental herniation on CT 
or MRI; ⑥ patients with lumbar spondylolisthe-
sis (degree II or above).

This study initially included 234 cases of eligi-
ble samples based on the inclusion criteria, 
and finally, 144 patients that met the require-
ments were selected for further analysis. The 
patients who underwent percutaneous endo-
scopic transforaminal discectomy were assign- 
ed into the PETD group (n=74) and patients  
who underwent percutaneous endoscopic 
interlaminar discectomy as the PEID group 
(n=70) according to different surgical modali-
ties. Figure 1 illustrates the sample screening 
process.

Clinical data collection

Patient clinical information, as well as surgical 
data that included operative time, intraopera-
tive blood loss, number of C-arm X-rays, time to 
out-of-bed activities, and length of hospitaliza-
tion, was retrieved from and outpatient review 
records.

Outcome measurement

The differences in clinical data, including age, 
gender, body mass index (BMI), duration of ill-
ness, American Society of Anesthesiologists 
(ASA) classification [15], history of smoking and 
alcoholism, diabetes mellitus, and hyperten-
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sion were compared between the two groups. 
Additional data, including history of lumbar 
trauma, lesion segment, Pfirrmann classifica-
tion, spinal canal morphology, herniation calcifi-
cation, and lumbar spondylolisthesis, were also 
compared between the two groups.

Surgery-related data, including operative time, 
intraoperative blood loss, number of C-arm 
X-rays, time to out-of-bed activities, and length 
of hospitalization, were also retrieved from 
electronic medical records and compared 
between the two groups.

Functional scores, including Visual Analog 
Scale (VAS), Joint Orientation Angle (JOA), 
Oswestry Disability Index (ODI), and Modified 
MacNab criteria (MacNab) scores, were evalu-
ated and compared between the two groups.

The VAS is a subjective scale for assessing 
acute and chronic pain. The score is recorded 
by marking a 10-centimeter line representing a 
continuum from “no pain” to “worst pain that is 
unbearable”. Higher scores on the VAS indicate 
greater pain intensity [16].

The JOA score assesses the functional status 
of patients with spinal disorders, particularly 
spinal cord lesions, including lower extremity 
motor, sensory, and bladder functions. In the 
case of lumbar disorders, higher scores indi-
cate better functional status. However, the 
exact range of scores and the criteria for defin-
ing them needed to be more detailed in the 
information obtained [17].

The ODI is used to determine a patient’s per-
manent functional disability. The index is 

Figure 1. Flowchart of sample sourcing and screening.



Transforaminal spine surgery

1782 Am J Transl Res 2024;16(5):1779-1789

scored on a scale from 0 to 100, with 0 indicat-
ing no disability and 100 indicating the maxi-
mum possible level of disability. The higher the 
score on the ODI, the more severe the disability 
due to low back pain [18].

The surgical outcomes were assessed using 
the modified MacNab efficacy evaluation crite-
ria, which were categorized into four grades. 
Excellent: the symptoms completely disap-
peared, and patients resumed normal daily life 
and work; Good: the signs were largely alleviat-
ed, and the activities were mildly limited, which 
did not affect life and work; Fair: the symptoms 
were alleviated while the activities were still 
limited, which affected normal and work life; 
Poor: no obvious improvement [19].

The patients were subsequently sub-grouped 
according to their treatment efficacy based on 
the MacNab score. Those patients with excel-
lent and good prognosis were categorized into 
the good outcome group (Group G, n=111). 
Those with fair and poor prognosis were classi-
fied into the poor outcome group (Group P, 
n=33).

Statistical analysis

The data were analyzed using SPSS 26.0 sta-
tistical software. Continuous variables, follow-
ing a normal distribution, were expressed as 
mean ± standard deviation (SD); an indepen-
dent paired t-test was applied for inter-group 
comparisons, while a paired t-test for intra-
group comparisons. Multiple-group compari-
son was conducted with repeated-measures 
analysis of variance (ANOVA) followed with 
post-hoc Bonferroni test. Count data were 
expressed as n (%) and compared using chi-
square test. Logistic regression was used to 
analyze independent risk factors affecting 
patients’ clinical outcomes. P<0.05 was con-
sidered as a statistically significant difference.

Results

Comparison of baseline information between 
the two groups

Comparison of the baseline data between the 
two groups revealed that there was no statisti-
cal difference in age, gender, BMI, disease 
duration, ASA classification, history of lumbar 
trauma, lesion segment, Pfirrmann classifica-

tion, spinal canal morphology, calcification of 
herniation, lumbar spondylolisthesis, history of 
smoking, alcohol consumption, diabetes melli-
tus, and hypertension (all P>0.05, Table 1).

Comparison of surgical data between the two 
groups

Surgery-related data of the two groups of 
patients were compared. The results showed 
that the operation time, intraoperative bleed-
ing, and the amount of C-arm X-ray irradiation 
were significantly lower in the PEID group than 
those in the PETD group (all P<0.001, Table 2). 
However, there were no significant differences 
between the two groups in terms of time to out-
of-bed activities and the hospitalization time 
(all P>0.05, Table 2).

Comparison of VAS, JOA, and ODI scores be-
tween the two groups before and after treat-
ment

Comparisons of pre-operative VAS, JOA, and 
ODI scores between the two groups of patients 
revealed that there were no statistical differ-
ences in pre-operative VAS, JOA, and ODI 
scores between the two groups (all P>0.05). 
After the treatment, the VAS and ODI scores 
decreased significantly compared with pre-
treatment, and JOA scores increased signifi-
cantly (all P<0.001). However, there were no 
statistical differences in VAS, JOA, and ODI 
scores between the two groups after treatment 
(all P>0.05), as shown in Figure 2.

Comparison of patient outcome between the 
two groups

We compared the clinical efficacy between the 
two groups of patients, and the results found 
that there were no statistical differences in the 
clinical efficacy between the two groups of 
patients (P>0.05, Table 3), and the comparison 
of the excellent rate between the two groups of 
patients also revealed no statistical differenc-
es (P>0.05, Table 3).

Analysis of risk factors affecting patient out-
comes

According to the clinical efficacy of the patients 
after treatment, we divided the patients into a 
good efficacy group (n=111) and a poor efficacy 
group (n=33). Clinical data of patients in both 
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Table 1. Comparison of patients’ baseline data
Indices PEID group (n=70) PETD group (n=74) χ2-value P-value
Age
    ≥60 years 19 26 1.070 0.301
    <60 years 51 48
Gender
    Male 42 41 0.311 0.577
    Female 28 33
BMI
    ≥25 kg/m2 17 11 2.038 0.153
    <25 kg/m2 53 63
Course of disease
    ≥6 months 41 37 1.065 0.302
    <6 months 29 37
ASA classification
    Phase I 28 37 1.453 0.228
    Phase II 42 37
History of trauma to the lumbar spine
    Yes 6 7 0.035 0.853
    No 64 67
Diseased segment
    L3/4 4 7 0.367 0.832
    L4/5 40 47
    L5/S1 16 20
Pfirrmann classification
    Mildly 39 36 0.720 0.396
    Severe 31 38
Morphology of the spinal canal
    Trefoil-shaped 21 26 0.431 0.511
    Non-trifoliate 49 48
Calcification of protrusions
    Yes 12 17 0.760 0.383
    No 58 57
Lumbar spondylolisthesis
    Yes 7 10 0.427 0.514
    No 63 64
Smoking history
    Yes 42 41 0.311 0.577
    No 28 33
History of alcohol abuse
    Yes 7 11 0.778 0.378
    No 63 63
History of diabetes
    Yes 14 11 0.661 0.416
    No 56 63
History of hypertension
    Yes 10 9 0.142 0.707
    No 60 65
Note: ASA, American Society of Anesthesiologists; BMI, Body mass index.
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groups were collected. By univariate analysis, 
we found that BMI, Pfirrmann classification, 
calcification of the protrusion, and surgery time 
were strongly correlated with patients’ clinical 
outcomes (P<0.05, Table 4). After assigning 
values to these data and utilizing receiver oper-
ating characteristic (ROC) curve intercepts for 
dichotomous grouping (Table 5), multifactorial 
logistic regression analysis revealed that BMI≥ 
25 kg/m2, Pfirrmann classification of severe 
degeneration, and operative time ≥60 min were 
independent risk factors for patient outcome 
(all P<0.05, Table 6).

Discussion

With the aging of society and changes in peo-
ple’s lifestyles, LDH has become an increas-

approaches in the treatment of LDH, including 
spinal endoscopy, collagenase injections, laser 
therapy, ozone therapy, and radiofrequency 
ablation [21]. In particular, spinal endoscopic 
techniques have become the primary minimally 
invasive intervention for the treatment of LDH 
due to their ability for direct visualization and 
precise removal of disc herniations, as well as 
the immediate feedback on decompression 
from patients, which significantly improves the 
safety and efficacy of the treatment, and there-
fore has earned wide acceptance and applica-
tion [22].

Although effective in treating lumbar disc her-
niation, open laminar decompression and 
fusion are limited in their application due to sur-
gical trauma and high complication rates [23]. 

Table 2. Comparison of patients’ surgical data

Group Surgical time 
(min)

Intraoperative 
bleeding (mL) C-arm X-rays Time to out-of-

bed activities (d)
Length of hospitalization 

(d)
PEID group (n=70) 63.24±9.6 177.41±25.82 7.07±2.28 3.96±0.88 6.86±1.53
PETD group (n=74) 81.66±12.27 192.03±34.99 19.61±3.43 4.04±0.82 6.92±1.13
t-value 9.994 2.839 25.692 0.591 0.277
P-value <0.001 0.005 <0.001 0.556 0.782

Figure 2. Changes in VAS, JOA, and ODI scores of patients before and after treatment. A. Changes in VAS scores 
before and after treatment in the two groups. B. Changes in JOA scores before and after treatment in the two groups. 
C. Changes in ODI scores before and after treatment in the two groups. Note: VAS, Visual Analog Scale; JOA, Joint 
Orientation Angle; ODI, Oswestry Disability Index; nsP>0.05, ****P<0.0001.

Table 3. Patient outcome assessment
Group Excellent Good Fair Poor Excellent rate
PEID group (n=70) 26 30 10 4 56 (80.00%)
PETD group (n=74) 35 20 10 9 55 (74.33%)
χ2-value 5.144 0.656
P-value 0.162 0.418

ingly common disease among the 
elderly, significantly reducing pati- 
ents’ quality of life due to the low 
back and leg pain [20]. In respon- 
se, minimally invasive interventions 
have gradually gained attention due 
to their high efficiency and less inva-
siveness, and offer a variety of 
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Table 4. One-way analysis of variance
Indices Group G (n=111) Group P (n=33) χ2/t value P-value
Age
    ≥60 years 33 12 0.521 0.470
    <60 years 78 21
Gender
    Male 61 22 1.429 0.232
    Female 50 11
BMI
    ≥25 kg/m2 13 15 18.490 <0.001
    <25 kg/m2 98 18
Course of disease
    ≥6 months 60 18 0.002 0.960
    <6 months 51 15
ASA classification
    Phase I 50 15 0.002 0.967
    Phase II 61 18
History of trauma to the Lumbar spine
    Yes 9 4 0.499 0.480
    No 102 29
Diseased segment
    L3/4 7 4 0.329
    L4/5 69 18 2.225
    L5/S1 25 11
Pfirrmann classification
    Mildly 67 8 13.296 <0.001
    Severe 44 25
Morphology of the spinal canal
    Trefoil-shaped 33 14 1.864 0.172
    Non-trifoliate 78 19
Calcification of protrusions
    Yes 13 16 21.388 <0.001
    No 98 17
Lumbar spondylolisthesis
    Yes 10 7 3.638 0.056
    No 101 26
Smoking history
    Yes 67 16 1.469 0.225
    No 44 17
History of alcohol abuse
    Yes 11 7 2.971 0.085
    No 100 26
History of diabetes
    Yes 17 8 1.413 0.235
    No 94 25
History of hypertension
    Yes 17 2 1.902 0.168
    No 94 31
Surgical time (min) 63.15±24.20 79.91±13.03 3.829 <0.001
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Minimally invasive techniques such as PEID 
and PETD are favored for their less invasive 
nature, rapid recovery, and low risk of complica-
tions, and their advantages and disadvantages 
are inconclusive despite their benefits in main-
taining lumbar stability. In the present study,  
we found that the operative time, intraopera-
tive bleeding, and number of C-arm X-rays were 
significantly lower in the PEID group than in the 
PETD group. However, there was no significant 
difference in the time to out-of-bed activities, 
hospitalization time, post-treatment VAS, JOA, 
ODI scores, and clinical outcomes between the 
two groups of patients. This suggests that 
although PETD may be more technically 
demanding, it did not lead to better patient 
recovery or clinical outcomes in a short time. In 
other words, PEID and PETD may be similar in 
improving long-term patient recovery and pain 
management. Therefore, other factors may 
need to be considered when choosing a surgi-
cal option, such as the cost of the procedure, 
patient preference, technology availability, and 
physician proficiency. These results empha- 
size the importance of a holistic evaluation of 
surgical approaches in clinical decision-mak-
ing. A previous study by Gao et al. [24] found 
that PEID and PETD provided similar clinical 
outcomes in treating L5/S1 disc herniation. 
Still, PEID had the advantage of shorter surgery 
time and less radiation exposure, consistent 
with our findings. In addition, Chen et al. [25] 
found that although PETD may have a longer 
operation time, it is more advantageous in 

symptoms of low back pain. These findings indi-
cate that both PEID and PETD serve as effec-
tive minimally invasive surgical approaches  
for the management of L5/S1 lumbar disc her-
niation, significantly mitigating symptoms and 
enhancing the quality of life for patients. While 
PEID demonstrates advantages in terms of 
shorter operative durations, reduced intraop-
erative radiation exposure, heightened patient 
satisfaction, and diminished postoperative  
low back pain, PETD distinguishes itself with 
lesser intraoperative bleeding, reduced length 
of hospital stays, and minimal incision lengths. 
The observed disparities in surgical outcomes 
between PEID and PETD may stem from inher-
ent differences in the surgical techniques and 
the anatomical focus of each procedure. For 
instance, the transforaminal approach in PETD 
could potentially lead to a higher risk of bleed-
ing due to the proximity to vascular structures, 
while its technique may allow for a more rapid 
postoperative recovery and shorter incision 
due to targeted intervention. Conversely, PEID’s 
interlaminar approach may facilitate a shorter 
operative time and less radiation exposure due 
to more straightforward navigation and visi- 
bility. These variations underscore the impor-
tance of individualized patient assessment, 
taking into account the specific anatomical and 
pathological considerations, to optimize the 
choice of surgical technique for lumbar disc 
herniation treatment. The two techniques have 
no significant difference regarding recurrence 
rates and long-term rehabilitation outcomes. 

Intraoperative bleeding (mL) 4.63±2.23 4.42±0.71 0.535 0.594
C-arm X-rays 13.39±18.50 7.67±0.99 1.772 0.078
Time out of bed (d) 3.99±0.88 4.03±0.68 0.245 0.807
Length of hospitalization (d) 6.94±1.35 6.69±1.28 0.900 0.37
Pre-treatment VAS score 7.47±1.31 7.27±1.51 0.740 0.457
Pre-treatment JOA score 10.3±1.04 10.12±0.96 0.900 0.372
Pre-treatment ODI 61.93±4.74 60.67±5.19 1.340 0.181
Note: ASA, American Society of Anesthesiologists; BMI, Body mass index.

Table 5. Assignment table
Considerations Assignment
BMI ≥25 kg/m2 =1, <25 kg/m2 =0
Pfirrmann classification Mild =0, Severe =1
Calcification of protrusions Present =1, Absent =0
Surgical time (min) ≥60 min =1, <60 min =0
Treatment efficacy Good =0, Poor =1

reducing bleeding and shortening 
hospitalization and incision length. 
In addition, PETD is as safe as PEID 
and is more effective in treating 
lumbar disc herniation. Xu et al. [26] 
found that although PETD and PEID 
resulted in comparable patient sat-
isfaction in treating LDH, PEID per-
formed better in reducing residual 
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Surgical selection should consider factors such 
as surgeon proficiency, individual patient differ-
ences, and availability of technology. Therefore, 
there is no absolute “best” choice but a com-
prehensive evaluation of the patient’s specific 
situation and medical conditions to choose the 
most appropriate treatment.

Despite the promising outcomes of PETD in 
LDH treatment, some patients may not achieve 
significant pain relief, quality of life improve-
ment, or may face recurrence of LDH [27]. 
Therefore, it is essential to identify and analyze 
the risk factors associated with the efficacy of 
PETD for LDH. At the end of the study, we exam-
ined the risk factors affecting the clinical out-
come of patients, and regression analysis 
revealed that BMI≥25 kg/m2, Pfirrmann classi-
fication of severe degeneration, and surgical 
time ≥60 min were independent risk factors 
affecting the outcome of patients. Yao et al. 
[28] showed that BMI≥25 kg/m2 significantly 
contributed to the recurrence of LDH after per-
cutaneous endoscopic lumbar discectomy 
(PELD). Elevated BMI increases the burden on 
the musculoskeletal system, adversely affect-
ing the lumbar spine and accelerating degen-
eration of the lumbar discs, leading to rupture 
of the annulus fibrosus (AF) and herniation  
of the nucleus pulposus (NP) in the lumbar 
discs. Severe Pfirrmann grading indicates more 
severe disc degeneration, which may signal the 
need for more complex surgery and a poorer 
prognosis. An operative time exceeding 60 min-
utes may reflect the technical challenges of the 
procedure and the risk of complications, which, 
in combination, may lead to poor postoperative 
recovery. Identifying these risk factors under-
scores the need for individualized assessment 
and careful risk management in surgical treat-
ment planning.

Limitations of this study include a relatively 
small sample size and insufficient follow-up 

time, which may not fully reveal the long-term 
efficacy and recurrence rate. Future studies 
may validate the findings of this study by 
expanding the sample size and extending the 
follow-up time. In addition, the study failed to 
consider all the risk factors that may affect the 
efficacy, such as patients’ lifestyle habits and 
psychosocial factors. Meanwhile, the study 
mainly focused on the immediate postopera-
tive energy, and the long-term impact on 
patients’ quality of life has yet to be fully clari-
fied. Therefore, in-depth studies on the long-
term effects on patients’ quality of life are 
warranted.

In conclusion, PEID and PETD offer comparable 
efficacy in treating LDH, and each has its 
advantages. PETD is a more delicate procedure 
but brings better efficacy. Special attention 
should be paid to patients with obesity, 
advanced disc degeneration, and those requir-
ing extended surgical time.

Disclosure of conflict of interest

None.

Address correspondence to: Junjie Cheng, Depart- 
ment of Orthopedics, Nanlang Branch of Zhongshan 
People’s Hospital, Nanqi Road, Nanlang Street, 
Zhongshan 528451, Guangdong, China. E-mail: 
cjj49901134@126.com

References

[1] Chiarotto A and Koes BW. Nonspecific low back 
pain. N Engl J Med 2022; 386: 1732-1740.

[2] Bagg MK, Wand BM, Cashin AG, Lee H, Hüb-
scher M, Stanton TR, O’Connell NE, O’Hagan 
ET, Rizzo RRN, Wewege MA, Rabey M, Goodall 
S, Saing S, Lo SN, Luomajoki H, Herbert RD, 
Maher CG, Moseley GL and McAuley JH. Effect 
of graded sensorimotor retraining on pain in-
tensity in patients with chronic low back pain: 
a randomized clinical trial. JAMA 2022; 328: 
430-439.

Table 6. Multi-factor analysis

Considerations β Standard 
error

Chi-square 
value P-value OR value

95% CI
Lower limit Higher limit

BMI 1.756 0.526 11.147 0.001 5.791 2.065 16.239
Pfirrmann classification 1.481 0.494 8.975 0.003 4.396 1.669 11.583
Calcification of protrusions 0.65 0.469 1.924 0.165 1.916 0.764 4.805
Surgical time 2.299 1.098 4.38 0.036 9.96 1.157 85.733
Note: BMI, Body mass index.

mailto:cjj49901134@126.com


Transforaminal spine surgery

1788 Am J Transl Res 2024;16(5):1779-1789

[3] Jones CMP, Day RO, Koes BW, Latimer J, Ma-
her CG, McLachlan AJ, Billot L, Shan S and Lin 
CC; OPAL Investigators Coordinators. Opioid 
analgesia for acute low back pain and neck 
pain (the OPAL trial): a randomised placebo-
controlled trial. Lancet 2023; 402: 304-312.

[4] Harris E. Sciatica surgery only temporarily less-
ens pain, disability. JAMA 2023; 329: 1634.

[5] Zhang AS, Xu A, Ansari K, Hardacker K, Ander-
son G, Alsoof D and Daniels AH. Lumbar disc 
herniation: diagnosis and management. Am J 
Med 2023; 136: 645-651.

[6] Wu H, Li T, Cao J, He D, Wu T, Liu J, Yuan J and 
Cheng X. Does percutaneous endoscopic lum-
bar discectomy for adolescent posterior ring 
apophysis fracture accompanied with lumbar 
disc herniation have better outcome than lum-
bar disc herniation alone? J Pain Res 2023; 
16: 911-919.

[7] Zhang W, Wang Z, Yin J, Bai Y, Qiu F, Zhang H, 
Zhang H, Wang B, Zhang F, Ji S, Yuan M, Zhao 
H and Yang H. Clinical treatment of lumbar 
disc herniation. Ann Ital Chir 2022; 93: 457-
462.

[8] Rossi V, Maalouly J and Choi JYS. Lumbar ar-
throplasty for treatment of primary or recurrent 
lumbar disc herniation. Int Orthop 2023; 47: 
1071-1077.

[9] Matsuyama Y and Chiba K. Condoliase for 
treatment of lumbar disc herniation. Drugs To-
day (Barc) 2019; 55: 17-23.

[10] Yu X, Yue H, Wei H, Li Q and Li Z. Comparative 
study of unilateral biportal endoscopic and tra-
ditional open surgery in the treatment of lum-
bar disc herniation. Altern Ther Health Med 
2023; 29: 370-374.

[11] Gazzeri R, Tribuzi S, Galarza M and Occhigrossi 
F. Percutaneous laser disc decompression 
(PLDD) for the treatment of contained lumbar 
disc herniation. Surg Technol Int 2022; 41: 
sti41/1639.

[12] Chen G, Li LB, Shangguan Z, Wang Z, Liu W 
and Li J. Clinical effect of minimally invasive 
microendoscopic-assisted transforaminal lum-
bar interbody fusion for single-level lumbar 
disc herniation. Orthop Surg 2022; 14: 3300-
3312.

[13] AlAli KF. Minimally invasive tubular microdis-
cectomy for recurrent lumbar disc herniation: 
step-by-step technical description with safe 
scar dissection. J Orthop Surg Res 2023; 18: 
755.

[14] Kashlan ON, Kim HS, Khalsa SSS, Ravindra S, 
Yong Z, Oh SW, Noh JH, Jang IT and Oh SH. Per-
cutaneous endoscopic contralateral lumbar 
foraminal decompression via an interlaminar 
approach: 2-dimensional operative video. 
Oper Neurosurg (Hagerstown) 2020; 18: 
E118-E119.

[15] Apfelbaum JL, Hagberg CA, Connis RT, Abdel-
malak BB, Agarkar M, Dutton RP, Fiadjoe JE, 
Greif R, Klock PA, Mercier D, Myatra SN, 
O’Sullivan EP, Rosenblatt WH, Sorbello M and 
Tung A. 2022 American Society of Anesthesi-
ologists practice guidelines for management 
of the difficult airway. Anesthesiology 2022; 
136: 31-81.

[16] Dourado GB, Volpato GH, de Almeida-Pedrin 
RR, Pedron Oltramari PV, Freire Fernandes TM 
and de Castro Ferreira Conti AC. Likert scale vs 
visual analog scale for assessing facial pleas-
antness. Am J Orthod Dentofacial Orthop 
2021; 160: 844-852.

[17] Bolzinger M, Thevenin-Lemoine C, Gallini A 
and Sales de Gauzy J. Abnormalities in distal 
first metatarsal joint surface orientation: distal 
metatarsal articular angle and distal metatar-
sal-2 articular angle. Orthop Traumatol Surg 
Res 2021; 107: 102938.

[18] Martin CT, Yaszemski AK, Ledonio CGT, Bar-
rack TC and Polly DW Jr. Oswestry disability in-
dex: is telephone administration valid? Iowa 
Orthop J 2019; 39: 92-94.

[19] Cheng X, Yan H, Chen B and Tang J. Percutane-
ous pedicle screw fixation with percutaneous 
endoscopic transforaminal lumbar interbody 
fusion in the treatment of degenerative lumbar 
spondylolisthesis with instability. World Neuro-
surg 2023; [Epub ahead of print].

[20] Taşpınar G, Angın E and Oksüz S. The effects of 
Pilates on pain, functionality, quality of life, 
flexibility and endurance in lumbar disc hernia-
tion. J Comp Eff Res 2023; 12: e220144.

[21] Bovonratwet P, Samuel AM, Mok JK, Vaishnav 
AS, Morse KW, Song J, Steinhaus ME, Jordan 
YJ, Gang CH and Qureshi SA. Minimally inva-
sive lumbar decompression versus minimally 
invasive transforaminal lumbar interbody fu-
sion for treatment of low-grade lumbar degen-
erative spondylolisthesis. Spine (Phila Pa 
1976) 2022; 47: 1505-1514.

[22] Nguyen KML and Nguyen DTD. Minimally inva-
sive treatment for degenerative lumbar spine. 
Tech Vasc Interv Radiol 2020; 23: 100700.

[23] Kirnaz S, Kocharian G, Sommer F, McGrath LB, 
Goldberg JL and Härtl R. Ten-step minimally 
invasive treatment of lumbar giant disc hernia-
tion via unilateral tubular laminotomy for bilat-
eral decompression: 2-dimensional operative 
video. Oper Neurosurg (Hagerstown) 2021; 
21: E452-E453.

[24] Gao A, Yang H, Zhu L, Hu Z, Lu B, Jin Q, Wang Y 
and Gu X. Comparison of interlaminar and 
transforaminal approaches for treatment of 
L(5)/S(1) disc herniation by percutaneous en-
doscopic discectomy. Orthop Surg 2021; 13: 
63-70.



Transforaminal spine surgery

1789 Am J Transl Res 2024;16(5):1779-1789

[25] Chen P, Hu Y and Li Z. Percutaneous endo-
scopic transforaminal discectomy precedes 
interlaminar discectomy in the efficacy and 
safety for lumbar disc herniation. Biosci Rep 
2019; 39: BSR20181866.

[26] Xu X, Wang L, Wang J, Zhai K and Huang W. 
Comparative analysis of patient-reported out-
comes after percutaneous endoscopic lumbar 
discectomy between transforaminal and inter-
laminar approach: a minimum two year follow-
up. Int Orthop 2023; 47: 2835-2841.

[27] Luo M, Wang Z, Zhou B, Yang G, Shi Y, Chen J, 
Tang S, Huang J and Xiao Z. Risk factors for 
lumbar disc herniation recurrence after percu-
taneous endoscopic lumbar discectomy: a 
meta-analysis of 58 cohort studies. Neurosurg 
Rev 2023; 46: 159.

[28] Yao Y, Liu H, Zhang H, Wang H, Zhang C, Zhang 
Z, Wu J, Tang Y and Zhou Y. Risk factors for re-
current herniation after percutaneous endo-
scopic lumbar discectomy. World Neurosurg 
2017; 100: 1-6.


