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Methods: Our report included patients diagnosed with protruded LDH with severe refractory
pain for at least 6 to 8 weeks who underwent the interventions. Baseline outcome parameters
were recorded before the procedures, and questionnaires were completed at two follow-up
sessions. Pain intensity was measured using the visual analog scale (VAS). Additionally,
patients were asked to complete the 36-item short-form health survey (SF-36) to report their
quality of life. Finally, we used the Oswestry disability index (ODI) to obtain information
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Results: A total of 165 patients were enrolled in the study. At the final follow-up, there was
no statistically significant difference in the VAS level between the groups. However, the
differences between the two groups regarding the SF-36 and ODI were statistically significant.
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Highlights

e Both PLDD and open microdiscectomy methods improved pain, quality of life, and disability indices in patients
with LDH2 months post-operation.

e Open microdiscectomy led to more favourable outcomes 6 months post-operation than PLDD.

e PLDD is a viable treatment choice for LDH treatment due to comparable outcomes to open microdiscectomy.

Plain Language Summary

Back pain is one of the most common health problems in many people, that may be caused by a condition called
lumbar disc herniation (LDH). For many years, microdiscectomy has been the standard treatment for LDH, where
surgeons remove the part of the disc that causes nerve pressure, which requires general anesthesia. A newer, less
invasive procedure called percutaneous laser disc decompression (PLDD) uses a thin needle and laser to shrink the
disc and reduce pressure without the need for open surgery, which can be done under local anesthesia. In this study, we
compared 165 patients treated with either open surgery or PLDD. Both groups reported less pain and better ability to
move and performed daily tasks after treatment. People who had PLDD felt relief faster within the first two months,
but those who had open surgery showed better recovery in overall health and physical function after six months. These
findings suggest that PLDD may help people with LDH who want a quicker, less invasive recovery, while open surgery
remains the better long-term solution. Understanding these options can help patients and doctors choose the most
suitable treatment for prolonged relief from back pain, especially among those with comorbid conditions, which may

not tolerate general anesthesia as well as other healthy populations.

Introduction

umbar disk herniation (LDH) is one of the
most common pathologies leading to ra-
diculopathy. It has been reported that most
LDHs occur at the L4-L5 or L5-S1 lev-
els (Amin et al., 2017; Manchikanti et al.,
2014). With aging, the production of pro-
teoglycans in the spinal disk reduces, lead-
ing to disk dehydration and collapse. Consequently, the
annulus fibrosus undergoes strain and tear, resulting in
nucleus pulposus herniation. On the other hand, apply-
ing a heavy biomechanical axial force or inappropriate
spinal kinetics can also lead to the extrusion of disk ma-
terials (Schoenfeld & Weiner, 2010). LDH is twice as
prevalent in males compared to females and often occurs
in the third to fifth decade of life (Fjeld, 2019).

Parallel to open microdiscectomy, which is the gold
standard intervention for LDH (Serliec et al., 2016),
minimally invasive techniques such as percutaneous
laser disk decompression (PLDD) have recently gained
further attention (Ren et al., 2017; Singh et al., 2009).
PLDD is believed to be effective in reducing intradiscal
pressure through the thermal destruction of intradiscal
material, thereby leading to indirect relief of nerve root

compression, which is speculated to alleviate discogenic
pain (Choy, 1996; Gangi et al., 1998; Chiarotto et al.,
2016). Less invasion of soft tissue structures, faster re-
covery, and shorter hospital stays are some of the clinical
advantages of PLDD compared to conventional meth-
ods. In addition, PLDD can be performed in an awake
status, which further facilitates its application in patients
with concurrent comorbidities (van den Akker-van Mar-
le, 2017). Although Botsford (1994) argued that PLDD
is more effective in patients with protruded (versus ex-
truded) herniated disks, some reports have shown the ef-
fectiveness of PLDD in treating other types of herniated
disks (Choy, 2001).

On the other hand, spine surgeons often select patients
for open microdiscectomy or PLDD based on the inten-
sity of their clinical symptoms, their neurologic status,
and the morphology and location of the pathologic disk
as seen in imaging studies (Choy, 1995). Although it has
been reported that, compared to open discectomy, PLDD
correlates with shorter operative time, less blood loss,
and no further complications (Ali et al., 2013), long-term
studies have shown no superiority of PLDD over open
microdiscectomy regarding the clinical or radiologi-
cal outcomes (Kreiner et al., 2014; Heider et al., 2017).
Moreover, the cost-effectiveness of PLDD is another
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factor affecting its global acceptance among surgeons
(van den Akker-van Marle, 2017).

Reviewing the literature, data are scarce on the clini-
cal role of PLDD in the treatment of patients with LDH.
In the current study, we retrospectively reviewed the
short- and mid-term outcomes of patients who under-
went PLDD and compared these results with those of an
age- and sex-matched group of patients who underwent
conventional open microdiscectomy.

Materials and Methods

In this retrospective case series, we gathered outcome
data for patients who underwent LDH intervention be-
tween 2017 and 2020 at Yas Hospital Complex, Tehran
University of Medical Sciences.

Patients

Patients diagnosed with LDH with severe refractory
pain for at least 6 to 8 weeks were eligible to be included
in the study. The diagnosis was made based on the clini-
cal evaluations and magnetic resonance imaging (MRI)
findings. According to the guidelines of our center, pa-
tients with chronic yet less severe protruded disks, as
indicated by imaging (Figure 1) and clinical presenta-
tions, were referred for PLDD, while those with a pro-
truded disk accompanied by any neurologic compromise
were assigned to conventional surgery. All patients with
a history of an extruded disk, previous vertebral surger-
ies, cauda equina syndrome (CES), bone disorders, gen-
eralized bulging disk, neurologic disorders (including
movement disorders, urinary and fecal incontinence),
pregnancy, any coagulopathy disease, and a reduction in
disk height of more than 50% were excluded.

Besides, since coping with the complications of any
intervention is relatively subjective and heavily depends
on the physical and mental capacity of each patient, the
final decision to assign patients into open microsurgery
or PLDD was made based on a surgeon-patient meeting.

Interventions

All conventional microdiscectomy surgeries were done
with the patient in a prone position and under general an-
esthesia. In this regard, the senior author incised the skin
along the midline and employed a unilateral approach
for muscle and soft tissue dissection. In this regard, after
subperiosteal muscle dissection and exposure of the lam-
ina, drilling of the lower part of the lamina and the base
of the spinous process with minimum resection of the

July& August 2025, Vol 16, No. 5

ipsilateral facet joint was done. To overcome the narrow
field of view of the surgery and lighting in the surgical
field, we used a surgical microscope, and under its visu-
alization, the base of the spinous process was further re-
sected. This maneuver provided an adequate view of the
ligamentum flavum from its superior to the inferior pole,
where it binds to bony elements. After precise removal
of the flavum ligament, thecal sac and nerve roots were
retracted medially. The herniated disk was completely
removed, and decompression of the thecal sac and nerve
roots was achieved. Finally, the wound was closed in
separate layers.

According to the standard technique, PLDD was per-
formed using fluoroscopy guidance and under local
anesthesia (Hashemi et al., 2020). The patients were
positioned prone, and using a posterolateral approach, a
500-p fiber was placed into the disk space parallel to the
inferior endplate. Laser energy of up to 2000 J was de-
livered to the disk, and the interventionist confirmed the
vaporization of the disk’s water content.

Expert spine surgeon-interventionists performed both
procedures, utilizing extensive experience in minimally
invasive spine procedures. Additionally, no specific con-
servative protocol was recommended to either group af-
ter the intervention.

Outcome measures

In this study, multiple validated parameters were used
to evaluate clinical outcomes. Baseline outcome param-
eters were recorded before surgery, and questionnaires
were completed at two follow-up sessions following the
interventions: at 2 and 6 months post-operation. The
pain intensity was measured using a visual analog scale
(VAS), which ranged from 0 (no pain) to 10 (the worst
pain imaginable). Additionally, patients were asked to
complete a validated version of the 36-item short form
health survey (SF-36) to report their quality of life
(QoL) (Montazeri et al., 2005). The SF-36 measures the
physical and social status of patients in eight domains.
It ranges from O to 100, with higher scores indicating
lower disability. Furthermore, as the Oswestry disabil-
ity index (ODI) is one of the most principal tools in as-
sessing spinal disability, we used the validated version
of the ODI to obtain information about patients’ daily
functional status (Mousavi et al., 2006). The score rang-
es from 0 to 100, with higher scores indicating a greater
degree of disability.

Khadivi,, et al. (2025). PLDD and Open Surgery in LDH. BCN, 16(5), 869-878.
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Statistical methods

The Kolmogorov-Smirnov test was used to test the
normality of the variables. Baseline data were compared
between the two treatment groups using the chi-square
test, the independent sample t test, or the Mann-Whitney
test, as applicable. The outcome measures were also as-
sessed using a repeated-measures analysis of variance.
The scores were presented as Mean+SD. Analyses were
carried out using SPSS software, version 26 (SPSS Inc.,
Chicago, Illinois, USA). A P<0.05 was considered statis-
tically significant.

Results

A total of 165 patients (104 females and 61 males) were
enrolled in this study, with a mean age of 52.1+15 years.
Notably, 63% of the patients were females. Ninety pa-
tients (54.5%) with LDH underwent conventional open
microdiscectomy, and the remaining 75 patients under-
went PLDD. The demographic and surgical characteris-
tics of the subjects are summarized in Table 1.

According to Table 1, 78 patients (47.3%) were diag-
nosed with an LDH at the level of L4-L5. The mean dura-
tion (in days) of suffering from severe symptoms before
surgery was lower in the open discectomy group; howev-
er, the difference was not statistically significant (P=0.12).
We observed intra- and post-operative complications in
6 patients. In the PLDD group, 1 patient (1.3%) experi-
enced temporary paresis of the lower limb, and 1(1.3%)
had a wet tap during the intervention. In the open discec-

Basic and Clinical

tomy group, 1 patient (1.1%) had cerebrospinal fluid leak,
1(1.1%) had deep vein thrombosis (DVT), and 2(2.2%)
suffered from wound infections during the post-operative
course. The intra-group and inter-group comparisons of
the outcome measurements are shown in Table 2.

According to Table 2 and Figure 2, the baseline pain
intensity was significantly lower among patients in the
PLDD group (P<0.001). The mean VAS level has signif-
icantly decreased during the course of our study in both
the PLDD and open discectomy groups (P<0.001 and
P<0.001, respectively). At the final follow-up, there was
no statistically significant difference in the VAS level be-
tween the study groups.

Our findings showed that the baseline QoL was signifi-
cantly lower among those who underwent open surgery
compared to the PLDD group (Figure 3). The score of SF-
36 of the patients in both groups significantly improved
over the 6-month follow-up of the study (P<0.001 and
P<0.001, respectively). The inter-group analysis showed
no significant difference in the SF-36 score at 2 months
post-operation between the groups (P=0.353). However,
the mean SF-36 score of the open discectomy group was
significantly higher than that of the PLDD group at 6
months postoperatively (P=0.001).

At baseline, the functional ability of patients in the
surgical group was significantly lower than that of the
PLDD group (P<0.001, Table 2). In both groups, the
ODI scores significantly decreased from pre-operation
to 6 months post-operation (P<0.001 and P<0.001, re-

Table 1. Demographic and surgery-related characteristics of the patients

Mean1SD/No. (%)

Groups
PLDD (75) Open (90)
Age (y) 54.5+16.5 50.1+13.4
Female 47(62.7) 57(63.3)
Body mass index (BMI) (kg/m?) 27.4+4.8 26.815
Duration of symptoms before the intervention (d) 101.8+67.3 82+71.8
L2-13 1(1.3) 4(4.4)
L3-L4 11(14.7) 18(20)
Surgery level
L4-L5 42(56) 36(40)
L5-S1 21(28) 32(35.6)
Post-operative complication 2(2.7) 4(4.4)

PLDD: Percutaneous laser disk decompression.

Khadivi., et al. (2025). PLDD and Open Surgery in LDH. BCN, 16(5), 869-878.
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Table 2. Outcome measures at different timepoints

Mean+SD
Outcome
VAS® SF-36" opr
Time (m) Base 2 6 Base 2 6 Base 2 6
PLDD 49+1.7 1.9+1.6 1.8+1.3 50.1+9.3 84.616.1 80.219.9 49.549.1 15.65 19.8+8.6
Open 7.312.1 2.7+1.8 1.7+1 40.3t12.9 83.745.5 84.4+4.6 59.8+12.6 16.145.2 15.413.7
P <0.001 0.004 0.808 <0.001 0.353 0.001 <0.001 0.5 <0.001

Abbreviations: VAS: Visual analogue scale; SF-36: 36-item short form health survey; ODI: Oswestry disability index.

"The course of change within each group was statistically significant.

spectively). At 2 months post-operation, the inter-group
analysis revealed no significant difference in ODI scores
between the groups (P=0.50). However, the mean ODI
score of the patients who underwent open discectomy
was significantly lower than that of the PLDD group at 6
months follow-up (P=0.001, Figure 4).

Discussion

The evolution of various minimally invasive spinal
surgeries has provided more feasible choices for both
patients and surgeons (Singh et al, 2015). As an alterna-
tive to open discectomy, PLDD is a competent technique
(McMillan et al., 2004; Tassi et al., 2004) and is now the
treatment of choice for many surgeons.

In the current study, we retrospectively reported and
compared the outcomes of patients with single-level
protruded disks who underwent two different interven-
tions over a 6-month period. The results showed that
the clinical outcomes of both interventions are sat-
isfactory and comparable. Our results also showed
a low rate of complications for both procedures.
Based on the guidelines of our institute, cases with more
severe presentations are assigned to the open discectomy
surgery. Although Brouwer et al. (2017) argued that
PLDD might be more effective among those with acute
or subacute symptoms, Peul et al. (2007) reported that a
longer duration of symptoms is a risk factor for poor clini-
cal outcomes among those who undergo open microdis-
cectomy surgery. Therefore, subjects suffering from more

Figure 1. T2-weighted MRI of a 31-year-old male with L5-51 herniated disk who underwent PLDD

Left: Sagittal plane, Right: Axial plane.
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Figure 2. Comparing the VAS between the two groups

“Statistically significant difference between the groups.

severe pain intensity in a shorter timeframe were assigned
to the open discectomy group by the surgeons.

Patients in both groups exhibited a significant decline
in pain severity during the study, as measured by the
VAS. In the open microdiscectomy group, pain inten-
sity decreased at both 2-month and 6-month follow-ups.
However, in the PLDD group, there was no significant

Basic and Clinical

improvement between 2- and 6-month follow-ups.
Therefore, it could be argued that PLDD might decrease
pain severity in the short term and have a less signifi-
cant impact on pain intensity in longer follow-ups. These
findings are not in accordance with the previous study
(Brouwer et al., 2017), which has reported slightly lower
VAS measures in the surgery group after 8 weeks and
26 weeks.

Figure 3. Comparing the 36-item short form health survey (SF-36) between the two groups

“Statistically significant difference between the groups.

Khadivi,, et al. (2025). PLDD and Open Surgery in LDH. BCN, 16(5), 869-878.
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Figure 4. Comparing the ODI between the two groups

“Statistically significant difference between the groups.

We also measured the QoL of the subjects at baseline,
2 months, and 6 months post-procedure using the SF-
36 questionnaire. At the 2-month follow-up, both tech-
niques achieved relatively similar results. Nevertheless,
we observed a decline in the SF-36 score of the PLDD
group at the 6-month follow-up, which was statistically
significant compared to that of the open discectomy
group. Our results, in line with those of a previous study
(Brouwer et al., 2017), suggest that PLDD may have a
more pronounced impact on the QoL of LDH patients in
the short term.

The disability caused by the LDH was assessed using
the ODI, and the results revealed a successful decline
in the index in both groups. Our study showed that, al-
though the mean level score of the ODI was relatively
similar at the 2-month follow-up in both groups, PLDD
failed to reduce disability severity further at the 6-month
follow-up. This finding could again demonstrate that de-
creasing the disability is more eminent in the short term
for PLDD. These findings are consistent with a previous
study (Brouwer et al., 2017), which measured disabil-
ity using the Roland-Morris disability questionnaire at
8 weeks and 26 weeks. Although the main clinical out-
come measures differ, the more efficient short-term re-
sults in the PLDD group of our study are consistent with
those reported in a study conducted by Ren et al. (2017),
which revealed that LDH patients showed significant
improvement in a short time after undergoing PLDD.

July& August 2025, Vol 16, No. 5

In summary, our study demonstrated that patients in
the PLDD group achieve a better outcome in VAS at 2
months compared to the open group; however, the final
outcomes in SF-36 and ODI measures are statistically
significant between the two groups, indicating the supe-
riority of open surgery compared to PLDD. This finding
can be further highlighted considering that patients in the
open surgery group have more severe symptoms at base-
line compared to those who underwent PLDD.

The mechanism of pain reduction in microsurgery
and PLDD may differ. Laser irradiation reduces a small
amount of nucleus pulposus in the pathologic disc by va-
porization, resulting in an immediate decrease in intra-
discal pressure and withdrawal of disk compression on
the nerve root (Choy et al., 1995). Additionally, PLDD
reduces the inflammatory chemicals produced from the
degenerative discs by laser heat generation (Saifuddin
et al.,, 1999). Therefore, these mechanisms can make
PLDD an acceptable method for treating small, hy-
drated, protruded discs with higher intradiscal pressure.
On the other hand, microsurgery targets the mechanical
compression of the bulged disc fragment, regardless of
its size. Following resection of the fragment and irriga-
tion, the inflammatory condition subsides (Brouwer et
al., 2015).

Khadivi,, et al. (2025). PLDD and Open Surgery in LDH. BCN, 16(5), 869-878.
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Conclusion

In conclusion, our report demonstrated that although
patients with more severe symptoms underwent open
microsurgery, both methods significantly improved clin-
ical outcomes, including pain intensity, QoL, and func-
tional status, in patients with protruded disk herniation.

Study limitations

Due to the retrospective nature of our report, this study
has several limitations, including a lack of post-operative
morphological assessment of the disk and surrounding
structures via MR, a relatively small sample size, and a
short timeframe for patient follow-up. More importantly,
the non-randomized patient selection method, which
leads to baseline imbalance and a disparity in the propor-
tion of the groups, is another notable limitation of our
study. Therefore, further prospective studies and con-
trolled trials are needed to compare the clinical outcomes
of these interventions more precisely.
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