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Background: Modic changes (MC) are generally considered to be related to degenerative
disc disease, and there is no uniform standard for surgical methods for lumbar disc herniation
(LDH) accompanied by Modic type I changes (MC I). The purpose of this study was to
observe the clinical results of percutaneous transforaminal endoscopic decompression
(PTED) and transforaminal lumbar interbody fusion (TLIF) for treatment of LDH accom
panied by MC I.
Methods: Of the 53 consecutive patients included, 29 underwent PTED and 24 underwent
TLIF. All patients were followed up for at least 24 months. Preoperative demographic
characteristics, perioperative outcomes, and clinical outcomes were recorded. Visual analog
scale (VAS) scores, Oswestry disability index (ODI) scores, and modified Macnab criteria
were used to assess clinical results.
Results: The mean age was 53.7±9.2 years in the PTED group and 53.6±9.6 years in the
TLIF group. The scores of VAS legs, VAS back and ODI in the two groups after operation
were significantly improved compared with those before operation (P<0.05). Notably, the
VAS back pain score and ODI in the PTED group showed an increasing trend with time. And
the VAS back pain scores and ODI of the two groups were statistically different at 1 year and
2 years postoperatively (P<0.05). In addition, compared with the TLIF group, the PTED
group showed less operation time, blood loss, and postoperative hospital stay (P<0.05). At
the final follow-up, the excellent rates were 91.7% and 86.2% in the fusion and PTED
groups, respectively.
Conclusion: Both PTED and TLIF procedures significantly improved the clinical symptoms
of single-level LDH patients with MC I. Compared with TLIF, MC I may affect the
improvement of low back pain and functional status after PTED.
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Modic changes (MC) are changes in the signal intensity of the vertebral endplates
and adjacent bone marrow on MRI. The earliest systematic classification was
performed by Modic et al1,2 Based on the differences in MRI signals, they were
classified as type I (MC I), type II (MC II), and type III (MC III). Compared to the
adjacent normal bone marrow, MC I represents a bone marrow inflammatory
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response, MC II represents a bone marrow fatty infiltra
tion, and MC III represents a sclerotic change of the bone
marrow. These three types of MC may be different stages
of the degenerative process of the vertebral body.3
Although the etiology of MC is still unclear,4 microfrac
ture of the endplate is thought to be a key link in MC
formation.5 As the cartilage endplate of the vertebral body
changes, the herniated disc associated with degenerative
disc disease will also change.2 Among the different MC
types, MC I is often considered to have a high correlation
with clinical symptoms.3,6,7 Pathology shows that the
bone-disc junction in MC I is filled with vascularized
granulation tissue, which is considered a sign of
inflammation.4 This may be a source of specific low
back pain in patients with MC I. Patients with LDH
usually choose lumbar discectomy if conservative treat
ment fails. However, there is still controversy regarding
the choice of discectomy or fusion surgery for patients
whose MRI signal at the corresponding level shows MC
I. Because different surgical procedures may affect the
clinical outcome, especially low back pain and
recurrence.8–10
It is well known that transforaminal lumbar interbody
fusion (TLIF) has become a popular and well-established
technique for the treatment of degenerative lumbar spine
disease. Not stopping at the results of traditional surgery,
the most important trend in lumbar discectomy has been to
minimize the stripping of soft tissue.11 In recent years,
with the development of minimally invasive spine technol
ogy and equipment, percutaneous transforaminal endo
scopic decompression (PTED) surgery provides a less
traumatic approach to solving lumbar disc herniation
(LDH). PTED has become an effective alternative to tradi
tional open discectomy due to its advantages of minimal
trauma, high accuracy, and rapid recovery. Although
PTED minimizes damage to bone and soft tissue, its
efficacy in patients with LDH with MC I has not been
thoroughly described. The purpose of this study was to
observe the clinical outcomes of PTED and TLIF in the
treatment of single-level LDH with MC I.

Methods and Materials
Participants
From June 2017 to June 2019, a total of 53 patients were
retrospectively included. All patients provided written
consent. Our hospital institutional review board approved
the study. All procedures were performed by the same
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surgical team. The inclusion criteria were as follows: (1)
Low back pain with radiating pain in the legs; (2) Singlelevel LDH with MC I; (3) Imaging examination is consis
tent with clinical symptoms; (4) Conservative treatment is
ineffective for more than 3 months. The exclusion criteria
were as follows: (1) Combined with other types of MC; (2)
Combined with spinal stenosis; (3) Segmental instability
on preoperative dynamic radiographs; (4) History of pre
vious lumbar spine surgery; (5) Pathological conditions
such as tumor, trauma, and infection. Preoperative demo
graphic characteristics, perioperative conditions, and clin
ical outcomes were recorded.

Surgical Procedure
PTED group: Local infiltration anesthesia is selected, and
the surgical position is lateral. The surgical procedure
included three steps: (1) Puncture: the puncture site
depends on the patient’s body type. It is usually 1–3 cm
above the iliac crest and 8–12 cm horizontally from the
midline of the posterior spinous process. The puncture
needle points to the intersection of the coronal plane con
necting the upper articular process and the horizontal plane
of the responsible intervertebral disc. Based on the pro
truding position of the nucleus pulposus shown by preo
perative imaging, under the guidance of the C-arm, the
puncture needle reaches the corresponding target area. (2)
Foramplasty: The foramina is appropriately formed by
a bone drill as needed. (3) Discectomy: After insertion of
a working trocar, an endoscope is placed. The protruding
nucleus pulposus is removed using a clamp under the
protection of a trocar. Then, the nerve root is explored
and released. The nerve root was seen to be pulsating
freely with the heartbeat and the procedure was completed.
TLIF group: The procedure was completed under gen
eral anesthesia. The patient is positioned prone and
a posterior median incision is selected. The responsible
segmental structures are fully exposed and the pedicle
screws are placed with the assistance of a C-arm. Some
of the upper and lower articular processes and the verteb
ral plate were removed, and the dural sac and nerve roots
were exposed. After complete decompression of the dural
sac and nerve roots, the nucleus pulposus is removed with
forceps. The endplate cartilage is then scraped off with
a curette. The intervertebral space was flushed and the
intervertebral fusion device was placed. Finally, bilateral
fixation rods were installed and the pedicle nails were
tightened.
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Evaluation Indicators
Preoperative demographic characteristics and periopera
tive outcomes were compared. VAS and ODI scores were
used to evaluate pre- and post-operative clinical outcomes.
In addition, a modified Macnab criterion was used to
assess surgical satisfaction at the final follow-up.

Statistical Assessments
Statistical calculations were performed using the SPSS 26
program (IBM, Armonk, USA). Demographic characteris
tics, perioperative indicators, and clinical outcomes of the
two groups were analyzed using the chi-square test,
Student’s t-test, and Mann–Whitney U-test. The signifi
cance level was defined as p < 0.05.

The preoperative demographic characteristics are shown in
Table 1. The average follow-up time for all patients is at
least 24 months. A total of 53 patients participated in this
study. The PTED group included 16 males and 13 females,
with an average age of 53.6±9.6 years. The TLIF group
included 13 males and 11 females, with an average age of
Table 1 Demographic Characteristics of the TLIF Group and
PTED Group

Number of patients
Age (years)
Sex
Male
Female
Body mass index (kg/

Various Indicators During Perioperative
Period
Perioperative indicators are shown in Table 2. The opera
tion time, intraoperative blood loss, and postoperative
hospital stay in the TLIF group were longer than those in
the PTED group, and the difference between the two
groups was statistically significant (P<0.05). However, in
terms of major complications, there was no statistically
significant difference between the two groups (P>0.05).

Clinical Results

Results
Preoperative Demographic
Characteristics and Outcomes

Items

53.7±9.2 years. There were no statistical differences
between the two groups in terms of age, gender, body
mass index (BMI), proportion of smokers, and level of
surgery.

TLIF

PTED

p value

24

29

53.7±9.2

53.6±9.6

0.986

13
11

16
13

0.942

24.5±3.0

24.1±3.7

0.458

7(29.2%)

10(34.5%)

0.680

Statistical improvement in clinical outcomes before and
after surgery was assessed by VAS scores and ODI scores
(Figure 1). The mean VAS leg pain score at each follow-up
time point was similarly improved in both the PTED and
TLIF groups compared with the preoperative period (P <
0.05), and there was no statistical difference between the
two groups (P > 0.05). The back pain and ODI scores of
the TLIF group decreased from 5.3±1.1 and 63.3±7.6
preoperatively to 1.9±0.9 and 22.3±2.5 at 3 months post
operatively, and tended to stabilize at later follow-up time
points. The back pain and ODI scores of the PTED group
decreased from 5.1±1.0 and 59.4±10.5 before surgery to
2.2±0.7 and 21.6±2.5 at 3 months postoperatively.
However, at later follow-up time points, the back pain
and ODI scores of the PTED group showed an upward
trend. In addition, the back pain and ODI scores of the two
groups were statistically different at 1 year and 2 years
after surgery (P<0.05).

m 2)
Current smoker

Table 2 Operation Characteristics of the Two Groups
Outcome Measure

TLIF

PTED

p value

Operation time (min)

131.7±15.2

64.3±13.3

<0.05

Bleeding quantity (mL)

410.4±57.1

14.7±4.4

<0.05

Length of postoperative stay (d)

11.8±3.0

5.7±1.5

<0.05

Levels involved
L3–4
L4–5
L5-S1

1(4.2%)
18(75.0%)
5(20.8%)

3(10.3%)
20(69.0%)
6(20.7%)

0.812

Comorbidities (n/%)
Cardiovascular

7(29.2%)

8(27.6%)

Cerebrovascular

2(8.3%)

3(10.3%)

Revision surgery

0

2

Endocrinologic
Pulmonary

3(12.5%)
1(4.2%)

3(10.3%)
2(6.9%)

Wound infection
Transient dysesthesia

1
1

0
2

Others

4(16.7%)

4(13.8%)

Intraoperative dura tear

1

0
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Figure 1 The clinical outcomes of the TLIF group and the PTED group at different follow-up time points. (A) VAS back pain score. (B) VAS leg pain score. (C) Oswestry
Disability Index.

According to the modified MacNab standard, in the last
follow-up, the excellent and good rate of PTED group was
86.2%, and that of TLIF group was 91.7% (Table 3). There
was no statistical difference between the two groups
(P>0.05).

Discussion
In recent years, MC seems to have become a new topic of
interest for spine surgeons. This is because there is
increasing evidence that the low back pain of patients
with MC is often special.12 Although clinical data from
many scholars suggest that MC is closely associated with
specific low back pain,13–15 the etiology of MC remains
unclear. Previous studies have shown that the pathogenesis
of MC has two main aspects. (1) Biomechanical altera
tions: microfractures of the endplate and subendplate bone
occur under spinal loading,4,16 which in turn lead to
inflammation of the endplate and adjacent bone
marrow;17 (2) Infectious factors: Inflammation of the ver
tebral endplates is caused by an associated bacterial
infection.18,19 After injury, the disc undergoes an inflam
matory response and forms new capillaries. This may be
a “port” for anaerobic bacteria to enter the disc.19 Among
the three types of MC, MC I is often considered to have
a high degree of correlation with clinical symptoms. Some
Table 3 Modified Mac Nab Criteria

E/G rate

PTED

p value
>0.05

91.7%

86.2%

Excellence

15

15

Good
Fair

7
2

10
2

Poor

0

2
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scholars have reported that patients with MC I have worse
results after discectomy.20,21 It has even been suggested
that MC I is related to hyperactivity, which may indicate
the need for additional fusion surgery.21 However, some
scholars have reported that MC has nothing to do with the
clinical outcome of LDH patients.22,23 The most suitable
surgical approach for patients with LDH with preoperative
MC I remains uncertain. The clinical results obtained by
different surgical methods are still controversial.
As we all know, lumbar discectomy is a safe and
effective surgical method for the treatment of LDH. In
the treatment of cases with MC, previous studies have
also reported successful results. Bostelmann et al24 retro
spectively analyzed the clinical data of 278 patients under
going discectomy and they found that different types of
MC were not associated with clinical outcomes. Udby
et al23 conducted a 2-year follow-up study and found that
MC was not associated with quality of life, pain, or patient
satisfaction at 2 years after discectomy. The important
trend in discectomy has been to reduce soft tissue disrup
tion, and PTED surgery meets this need. As a minimally
invasive surgical approach, PTED preserves the posterior
ligament complex and other biomechanical structures.25 It
has received many promising reports in the treatment of
degenerative diseases of the lumbar spine.26,27 In this
study, we found that PTED surgery significantly improved
leg pain in patients with MC I. However, part of the back
pain still remains. Moreover, the VAS back pain and ODI
scores of the PTED group were higher than those of the
TLIF group at 1 year and 2 years after the operation
(P<0.05). To our knowledge, MC is often underestimated
as a source of pain. In cases with MC, the use of PTED
may be limited. This is because PTED only addresses the
nerve compression factors and hardly addresses vertebral
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endplate inflammation. This may be the cause of residual
back pain in patients with LDH accompanied by MC
I. This phenomenon has been similarly reported in other
studies. Splendiani et al28 evaluated 38 patients with MC
I who had non-specific low back pain. They found that
MC I was associated with increased pain from the supine
position to the standing position. Xu et al29 retrospectively
analyzed the clinical results of endoscopic discectomy for
LDH patients with MC. They found that postoperative low
back pain and functional status of MC patients tended to
deteriorate over time, especially MC I.
In addition, regarding the surgical methods of LDH,
there is not enough evidence that minimally invasive dis
cectomy is better than traditional surgery.30,31 In particular,
the clinical outcome of discectomy alone may be incon
clusive when treating patients with LDH with MC. Yao
et al32 retrospectively analyzed 116 patients who had
recurrence after endoscopic discectomy and found that
MC was a potential risk factor for postoperative recur
rence. Hao et al33 reported that recurrence following per
cutaneous endoscopic lumbar discectomy preferentially
occurs when MC are present. In this study, during the
2-year follow-up period, we observed that 2 patients in
the PTED group had relapses. However, the recurrence
rate between the two groups was not statistically different.
Interestingly, MC I does not seem to have a bad effect on
the fusion surgery. Esposito et al34 studied 60 patients who
underwent single-segment lumbar fusion for degenerative
disc disease. They found that patients with MC I have
a better prognosis. Vital et al35 reported that internal fixa
tion and fusion has achieved good results in the treatment
of MC I, and surgery seems to accelerate the dynamic
process of MC I. In this study, TLIF surgery appeared to
demonstrate better clinical outcomes than PTED surgery
for patients with LDH with MC I during the 2-year followup period. We may need to fully recognize that PTED is
ineffective for healing endplate microfractures. This is
because postoperative weight-bearing exercises may pre
vent the healing of microfractures. In contrast to PTED,
fusion surgery is beneficial to the treatment of extensively
innervated cartilage endplates. At the same time, internal
fixation and fusion can improve the dysfunction caused by
the biomechanical changes of the vertebral body.36 This
may be the reason why the TLIF group obtained better
back pain and ODI scores in this study.
At the last follow-up, the excellent and good rates of
TLIF group and PTED group were 91.7% and 86.2%,
respectively. The presence of preoperative MC I did not
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affect the improvement of radicular pain in the two groups.
Even so, for patients with single-segment LDH with MC
I undergoing PTED surgery, the spine surgeon should
explain to the patient that there may be residual back
pain and the potential risk of recurrence after surgery.
However, our study also has some limitations. First, the
small patient sample size resulted in limited ability to
observe clinical outcomes. Second, the learning curve for
PTED surgery is high, and performing the procedure by
junior physicians may affect the comparison of clinical
outcomes. Finally, MC is a dynamic process, and the longterm outcome of patients with MC I requires longer fol
low-up.

Conclusion
Patients with single-level LDH with MC I can benefit from
PTED and TLIF. MC I may affect the degree of improve
ment in low back pain and functional status after PTED
compared to TLIF. But PTED showed less operation time,
blood loss, and postoperative hospital stay.

Abbreviations
MC, Modic changes; TLIF, Transforaminal lumbar inter
body fusion; PTED, Percutaneous transforaminal endo
scopic discectomy; LDH, Lumbar disc herniation; VAS,
Visual analog scale; ODI, Oswestry disability index.
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