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Abstract
Purpose: This study was conducted to assess short- to mid-range clinical outcomes of minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) for patients with severe low back pain caused by intervertebral disc
degeneration showing Modic changes on MRI.
Methods: Thirty-five consecutive patients (mean age: 48.6 years) who underwent single-level MIS-TLIF to treat
severe low back pain with Modic changes on MRI were included. Diagnoses were based on temporary pain relief
after an intradiscal anesthetic injection, selective nerve blocking, or both. The mean follow-up period was 18 months.
Japanese Orthopaedic Association (JOA) scores (29 possible points), JOA-score recovery rates (RR), Visual Analog
Pain Scale (VAS) scores for low back pain, and the Oswestry Disability Index (ODI) were evaluated.
Results: The average JOA score improved significantly, from 14.8 ± 3.6 preoperatively to 26.9 ± 1.6 at the final
follow-up (P < 0.01). The average JOA-score RR was 84.8 ± 11.7%. Significant improvements were obtained in
the average VAS scores for low back pain (preoperative, 7.8 ± 1.9; final follow-up, 1.5 ± 0.7; P < 0.01) and ODI
(preoperative, 57.9 ± 16.1; final follow-up, 13.0 ± 8.8; P < 0.01). Modic type 1 changes were observed in 12 patients,
and type 2 changes in 23 patients. The JOA-score RR did not differ significantly between patients with Modic type 1
and type 2 (85.7% and 84.1%, respectively).
Conclusions: MIS-TLIF, which is less damaging to the paraspinal muscles than conventional approaches, is a
reasonable surgical option for lumbar disc lesion with Modic type 1 and 2 changes.

Keywords: Lumbar disc lesion; Modic changes; Minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF)

Introduction
Since 1988, when Modic et al., [1] described changes in MRI signal
intensity, termed Modic changes, in the vertebral bone extending
from the vertebral endplate, various papers have commented on the
correlation of these changes with the low back pain [2,3], epidemiology
[3,4], pathophysiology [5,6], natural history [7,8], and other aspects
of this pathological condition. However, the treatment for patients
with Modic changes is not well described and remains controversial,
especially regarding surgical options, because the severity of low back
pain in many patients is often not constant [9].
Theoretically, anterior lumbar interbody fusion (ALIF) should
be the first-line surgical option for lumbar disc lesions associated
with Modic changes. However, conventional ALIF carries potentially
serious risks, including large vessel injury, abdominal wall weakness or
herniation, and dry ejaculation [10]. Therefore, severe back pain with
Modic changes has generally been treated by conventional posterior
surgeries, including posterior lumbar interbody fusion (PLIF) or
posterolateral fusion (PLF) [11,12]. Although some studies have
reported that low back pain is more strongly associated with Modic
type 1 (M1) than type 2 (M2) changes, Jensen et al. found no significant
difference in the low back pain associated with different types of
Modic change in their systematic review [3,13,14]. Other studies have
reported that the clinical outcomes of conventional posterior lumbar
fusion were better for patients with M1 changes than those with M2
changes [11,12]; this might have been related to the degree of persistent
postoperative back pain due to paraspinal muscle damage caused by the
invasive conventional approach.
Recently, various devices designed for minimally invasive
spinal stabilization have made it possible to reduce damage to the
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paraspinal muscles [15-19]. To our knowledge, there are no reports
on the efficacy of minimally invasive spine surgery for patients with
Modic changes. In the present study, we hypothesized that minimally
invasive transforaminal lumbar interbody fusion (MIS-TLIF) using
percutaneous pedicle-screw devices would be an effective surgical
option for patients with severe low back pain caused by intervertebral
disc degeneration with Modic changes on MRI.

Materials and Methods
Patients
This study evaluated 35 consecutive patients, 25 men and 10
women, who underwent single-level MIS-TLIF between July 2007 and
October 2011. The mean age was 48.6 years (23-74 years). The mean
follow-up period was 18 months (10-41 months). The spine was fused
at L4-5 in 17 patients, L5-S1 in 15 and L3-4 in 3 (Table 1). All the
patients had a history of severe low back pain that was not relieved after
at least 3 months of conservative treatment (e.g. avoiding lumbar loads,
using a lumbar corset or brace, or taking painkillers), with evident M1
or M2 changes on MR images; all patients experienced temporary relief
from low back pain when treated by intradiscal anaesthetic injection
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at the affected level. Patients were excluded from the study if they had
symptoms at two or more levels, disc extrusion with symptomatic root
compression, spondylolysis or spondylolisthesis, an active infection
or tumour, or a history of psychiatric malady, or if the low back pain
was related to a work- or traffic-related injury. This clinical study was
approved by the ethics committees of the authors’ institutions.

MR imaging
MR images were obtained with a 1.5 T magnetic resonance unit
(Philips Achieva, the Netherlands) using the following imaging
protocol: sagittal T1-weighted (FOV 300, TR 400-800, TE 12, matrix
400 × 240, slice thickness 4 mm, and number of slices 12); sagittal T2weighted (FOV 300, TR 3000, TE 100, matrix 400 × 231, slice thickness
4 mm, and number of slices 12); and axial T2 (FOV 200 × 181, TR3474,
TE100, matrix 336 × 211, slice thickness 4 mm, and number of slices 5 ×
3). Signal intensity changes involving the bone marrow of the adjacent
vertebral body were classified as described by Modic et al. [1], into
Modic type 1 (M1, hypointense on T1 and hyperintense on T2), type 2
(M2, hyperintense on both T1 and T2), or type 3 (M3, hypointense on
both T1 and T2). If signals in the T1-weighted sequences were mixed,
the lesion was classified as M1 or M2 based on the sagittal slice with the
largest intensity change in the vertebral endplate: patients who showed
a broader hypointense area were placed in the M1 group, and those
who showed a broader hyperintense area were placed in the M2 group.
Similarly, patients with mixed M1/3 and M2/3 types were placed in the
M1 and M2 groups, respectively.

Surgical techniques
Patients were placed under general anaesthesia, and were placed in
the prone position on the radiolucent frame. The anatomical midline, the
transverse line parallel to the affected disc level, and 3-cm longitudinal
incision lines on both sides (approximately 4-5 cm lateral to the midline)
were marked on the skin using fluoroscopic guidance. The symptomatic
side was typically chosen as the approach and decompression side.
After making the skin incision, a Quadrant retractor system (22 mm
diameter, expandable, Medtronic Inc., Memphis, TN) or Endoscope
Spinal System (ESD; 18 mm diameter, Tanaka Medical instruments
Co., Ltd., Tokyo) was placed onto the lamina-facet junction at the
relevant level through the multifidus muscle, which was minimally split
at the medial side. The procedure was performed under direct vision.
Total facetectomy was performed using osteotomes and Kerrison
rongeurs, followed by resection of the yellow ligament. The disc and the
cartilaginous endplate were meticulously removed, interbody fusion
was performed by packing local bone graft obtained from the removed
facet and inserting two PEEK cages (Capstone, Medtronic Inc., USA or
M1

M2

12

23

35

50.1 ± 15.6

47.9 ± 12.0

48.6 ± 13.0

9/3

15/8

24/11

Height (cm)

164.4 ± 8.8

165.0 ± 8.5

164.8 ± 8.5

Body weight (kg)

66.7 ± 12.0

66.6 ± 9.6

66.6 ± 10.2

Body mass index

24.9 ± 5.3

24.4 ± 2.7

24.6 ± 3.7

Follow-up period
(months)

14.6 ± 10.1

18.8 ± 10.0

17.5 ± 10.1

L3-4

2

1

3

L4-5

5

12

17

L5-S1

5

10

15

No. of patients
Mean age (years)
Gender (male/female)

Total

Level of fusion

M1 Modic type 1 change, M2 Modic type 2 change
Table 1: Demographic data of the study population.
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Figure 1: (A,B) Preoperative MR images of a 53-year-old male who presented
with persistent low back pain associated with a lumbar disc lesion exhibiting
Modic type 2 change on MRI. (C) View under an ESD tubular retractor with
attached light cables. (D) Postoperative anteroposterior and (E) lateral
radiographs. (F) The skin incision for MIS-TLIF.

OIC, Stryker, USA), and the retractor was removed. Because endplate
degeneration, including Modic changes, subchondral bone sclerosis,
or cyst formation, can raise the risk of non-union, the endplate was
meticulously prepared prior to grafting the bone. Within the same
incisions, the longissimus muscles were split and bilateral pedicle screws
were placed over a guide wire under fluoroscopy. A representative case
is shown in Figure 1.
All patients began walking on the day after surgery, and wore a hard
corset-style brace for three months.

Assessment
We retrospectively collected the following clinical data for each
patient: age, gender, height, body weight, type of Modic change, level
of fusion, operating time, estimated blood loss, and perioperative
complications. Back and leg pain was assessed based on preoperative
and follow-up Japanese Orthopaedic Association (JOA) scores,
recovery rate (RR) of JOA score [20], Visual Analog Scale (VAS) scores
for low back pain, and the Oswestry disability index (ODI; version 2.0).
Definitive fusion was identified by less than 3° segmental movement
on flexion-extension plain X-rays and the formation of trabecular bony
bridges between contiguous vertebral bodies at the relevant level on CT.

Statistical analysis
Statistical analyses were performed with Dr. SPSS II for Windows
(SPSS Japan Inc., Tokyo, Japan). The Mann-Whitney U test was used
to compare continuous variables and clinical outcomes between the
patients showing M1 changes (M1 group) and M2 changes (M2 group)
on MR images. P values smaller than 0.05 were considered statistically
significant.

Results
The average operating time was 157.1 ± 48.0 minutes (range 83–
300 minutes); the average estimated blood loss was 139.8 ± 195.0 ml
(range, 15-1085 ml). Complications included transient leg pain due
to epidural hematoma (1 patient) and superficial wound infection (1
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M1 (n=12)

M2 (n=23)

Total (n=35)

Operating time (min)

166.5 ± 40.0

145.1 ± 33.4

157.1 ± 48.0

Estimated blood loss
(ml)

140.4 ± 143.9

113 ± 101.7

139.8 ± 195

Perioperative
complication (No. of
patients)

Superficial wound
infection (1)

Epidural
hematoma (1)

JOA score (0-29 points)
Preoperative

13.7 ± 4.1

15.3 ± 3.4

14.8 ± 3.6

Final follow-up

26.8 ± 1.9

26.9 ± 1.4

26.9 ± 1.6

Recovery rate of JOA
score (%)

85.7 ± 11.5

84.1 ± 11.7

84.8 ± 11.7

Preoperative

8.0 ± 1.6

7.7 ± 2.1

7.8 ± 1.9

Final follow-up

1.5 ± 0.5

1.5 ± 0.7

1.5 ± 0.7

Preoperative

62.6 ± 13.0

55.8 ± 17.2

57.9 ± 16.1

Final follow-up

12.5 ± 6.6

13.2 ± 9.8

13.0 ± 8.8

VAS for low back pain

Oswestry disability index

Values are mean ± standard deviation. M1: Modic type 1 change, M2: Modic type
2 change, JOA: Japanese Orthopaedic Association, VAS: Visual Analog Scale;
Recovery rate (%)= (postoperative JOA score – preoperative JOA score) × 100 /
(29 - preoperative JOA score)
Table 2: Comparison of clinical results.

patient); both cases were resolved with conservative treatment. There
were no cases of radiological non-union or revision surgery in this
series. The average JOA score improved significantly, from 14.8 ± 3.6
points (pts) preoperatively to 26.9 ± 1.6 pts at the final follow-up (P
< 0.01). The average JOA-score RR at the final follow-up was 84.8 ±
11.7%. Significant improvements were obtained in VAS scores for low
back pain (preoperative, 7.8 ± 1.9; follow-up, 1.5 ± 0.7; P < 0.01) and
ODI (preoperative, 57.9 ± 16.1; follow-up, 13.0 ± 8.8 pts; P < 0.01).
The M1 and M2 groups included 12 and 23 patients, respectively.
No patients with M3 changes were included in this series. There were
no statistically significant differences in background data between the
two groups (Table 1). Likewise, there were no significant differences
between the groups in preoperative and follow-up JOA scores (M1: 13.7
± 4.1 to 26.8 ± 1.9 pts; M2: 15.3 ± 3.4 to 26.9 ± 1.4 pts), VAS low back
pain scores (M1: 8.0 ± 1.6 to 1.5 ± 0.5; M2: 7.7 ± 2.1 to 1.5 ± 0.7), or ODI
(M1: 62.6 ± 13.0 to 12.5 ± 6.6 pts; M2: 55.8 ± 17.2 to 13.2 ± 9.8 pts), or in
JOA-score RR (M1: 85.7 ± 11.5%; M2: 84.1 ± 11.7%) (Table 2).

Discussion
First-line choices for chronic low back pain due to lumbar disc
lesions with Modic changes include conservative treatments such
as avoiding lumbar loads, using a lumbar corset or brace, or taking
painkillers. If the condition does not respond to these treatments, the
patient may benefit from intradiscal steroid injections [19]. When
all conservative treatments have failed, patients have been treated
by ALIF, PLIF, and/or PLF to stabilize the damaged segments of the
spine. However, conventional ALIF can have severe complications
[10]. PLIF and PLF can also cause residual low back pain from “fusion
disease”, which results from muscle stripping and retraction during
conventional-approach surgeries [15,21-24].
The MIS-TLIF procedure was developed to minimize soft tissue
injury and approach-related morbidity [15,21-24]. As reported
previously, MIS-TLIF has its own drawbacks, including the learning
curve for the specific techniques, the intraoperative radiation
exposure, and the expensive instruments and equipment used [15].
On the other hand, MIS-TLIF can be performed with less blood loss,
less postoperative pain, and less muscle damage than conventional
surgeries, and a shorter hospital stay and rehabilitation time compared
J Spine
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to conventional procedures [21,23-24]. In the present study, the shortto mid-range clinical outcomes of MIS-TLIF for lumbar disc lesions
with Modic changes were favorable, with improvement in the scores for
JOA, ODI, and VAS for low back pain. To our knowledge, this is the first
study to report the effectiveness of MIS-TLIF for lumbar disc lesions
with Modic changes on MR images. In contrast to previous reports
[11,12], satisfactory outcomes were obtained with MIS-TLIF even for
patients with M2 changes; this may be attributable to the less invasive
treatment of the paraspinal muscles in the MIS procedures used in this
series.
Minimally invasive ALIF techniques, including XLIF and DLIF,
followed by percutaneous pedicle-screw placement might be another
favourable option when decompression of posterior neural elements is
not necessary, as with the patients in this study. However, this technique
has potentially serious complications, such as great vessel injury or
lumbar nerve injury, especially at L4-5. This approach has another
drawback; the iliac crest blocks access to the L5-S1 level [16]. MIS-TLIF
may be safer and more useful than X/DLIF because it enables not only
direct visualisation and protection of the nerve root during procedures
within the intervertebral space, but also autologous local bone graft is
sufficient, without the need for synthetic bone graft materials or iliac
crest bone graft. In addition, MIS-TLIF can be performed at any level
of the lumbar spine, including L5-S1. However, since adhesions of the
anterior epidural space were frequently seen in our series, even in the
primary operation, care should be taken to avoid any dural laceration
or nerve root injury.
In this study, we demonstrated that MIS-TLIF is useful for patients
with severe low back pain caused by intervertebral disc degeneration
with Modic changes. Since our study did not include a control group
treated by conventional TLIF, ALIF, or X/DLIF, further prospective
studies may be needed to confirm the results obtained in this
retrospective study.
In conclusion, this study showed that short- and mid-range clinical
outcomes of MIS-TLIF for patients with intractable low back pain
associated with Modic changes were favorable for patients with type
1 or type 2 changes. Because it is less destructive to paraspinal muscles
than conventional approaches, MIS-TLIF can be a useful surgical
option for those pathological conditions.
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