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Objective: Chronic low back pain (CLBP) after percutaneous endoscopic transforaminal discectomy (PTED) surgery may be caused 
by preoperative lumbar microinstability (MI). However, there is a paucity of research on the relationship between lumbar microinst
ability and chronic low back pain. The purpose of this article is to assess the preoperative radiographic characteristics of patients and 
evaluate the effects of lumbar microinstability on patient-reported outcomes among single-level lumbar disc herniation (LDH) patients 
who underwent PTED.
Methods: This study retrospectively reviewed the radiographic characteristics of a consecutive series of 127 patients with low back 
pain and leg pain caused by single-level LDH underwent PTED from August 2018 to March 2021. They were divided into three 
groups according to the radiographic parameters: the stable group (Group S), the dysfunctional group (Group D), and the microinst
ability group (Group M). The visual analogue scale (VAS) scores for leg and low back pain and Oswestry Disability Index (ODI) were 
evaluated preoperatively and postoperatively. Logistic regression analysis was used to identify independent risk factors for CLBP.
Results: Compared with Group D and Group S, Group M had the highest ODI scores (P < 0.01) and VAS scores (low back pain) (P < 
0.01) after 1 year, while there were no significant differences in the VAS scores for leg pain at different time points after surgery (P > 
0.05). In addition, the logistic regression analysis results regarding CLBP revealed that muscle fatty degeneration on MRI (95% CI, 
1.20–8.51, P = 0.02), and facet tropism (95% CI, 1.39 −11.37, P = 0.01) may be independent risk factors.
Conclusion: Patients with lumbar microinstability may have CLBP after PTED, so patients with lumbar microinstability may need to 
take internal fixation surgery to solve their symptoms.
Keywords: chronic low back pain, PTED, microinstability, risk factor

Introduction
Lumbar disc herniation (LDH) is the most common cause of sciatica and accounts for the greatest social health burden in 
terms of disability and work absenteeism.1 Patients may resort to surgical intervention because of severe low back pain 
and leg pain that affect their quality of life. Although there are some controversies in terms of surgical indications and 
methods, percutaneous endoscopic transforaminal discectomy (PTED) is an accepted surgical procedure worldwide for 
patients with a single-level lumbar disc herniation.2 This method can be used to resect herniated intervertebral discs 
through a very small incision with the advantages of a low risk of soft tissue injury, fast rehabilitation, and preservation 
of the motion function of the operated segments.3,4 After surgery, the symptoms of the nerve root can be relieved 
immediately in most patients, and as many as 95% of patients can achieve satisfactory patient-reported outcomes.5

However, some patients are prone to persisting chronic low back pain (CLBP) with visual analogue scale (VAS) 
scores higher than 3 for one year after PTED, which is even worse than that preoperatively, and affects their post
operative recovery and the early return to normal.6 Theoretically, many factors are involved in chronic low back pain, 
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including inflammation, muscle degeneration, and facet joint fluid, but the major cause may be related to inherent lumbar 
instability preoperatively or iatrogenic lumbar instability postoperatively.7 In a previous study, Iguchi et al8 found that the 
critical factor for low back pain was lumbar instability, and the results revealed that patients with a higher degree of 
lumbar instability had significantly more days with pain and more hospital visits for their symptoms than other patients. 
Thus, lumbar instability is commonly the first consideration in determining the treatment strategy.

Although there are multiple modalities for diagnosing lumbar instability, the most common diagnostic technique is 
the use of lateral flexion and extension standing radiographs.9 However, these have several limitations. Patients cannot 
perform adequate flexion and extension due to serious pain when standing, which causes analgic contraction and altered 
muscle tone, which indicates that it is a poor method to reveal lumbar instability.10 Recent studies have proposed many 
theories regarding lumbar motions, including dynamic instability, lumbar dysfunction, and lumbar microinstability 
(MI).11 Moreover, Landi et al12 defined clinical condition-specific pathoanatomical and clinical characteristics in the 
vertebral segment of interest without the presence of spondylolisthesis in flexion–extension radiography as indicators of 
lumbar microinstability, and found a close relationship between lumbar microinstability and adjacent segment disease 
(ASD). This publication indicated that low back pain might correlate with lumbar microinstability, and this theoretical 
background can also apply to patients with CLBP after PTED. However, there is a paucity of research using lumbar 
microinstability to investigate the motion characteristics of the involved segment or surgical outcomes. Thus, the purpose 
of this study was to assess the radiographic characteristics of patients and evaluate the effects of lumbar microinstability 
on patient-reported outcomes for single-level LDH patients who underwent PTED.

Methods
Patients
After approval by the Ethics Committee of Zhejiang Hospital, we retrospectively reviewed the medical records of 
patients who underwent PTED from August 2018 to March 2021 at the hospital. All methods were performed in 
accordance with relevant guidelines and regulations and informed consent was obtained from all subjects. We followed 
the Declaration of Helsinki guidelines. Patients enrolled in this study had to meet the following inclusion criteria: (1) 
patients with PTED due to single-level LDH; (2) patients’VAS scores for leg pain and low back pain were lower than 4 at 
the one-year follow-up after operation. (3) patients with PTED were followed up on a regular basis for at least a year; 
Exclude any of the following: (1) obvious vertebral column Canal stenosis, such as intermittent claudication; (2) mobile 
movement, the width of the adjacent vertebral body at 3 mm, and/or >8% of the affected segment;13 (3) patients with 
multi-level lumbar disc herniation; (4) patients with spinal fractures; (5) patients with spinal infections; (6) trauma 
patients; (7) a cancer patient; (8) patients with a history of lumbar spondylosis.

Surgical Technique
All patients received the same surgical treatment. The PTED patient was placed in the prone position under local 
anesthesia. Through C-arm lateral fluoroscopy, the surgical segment and the puncture needle point were determined. 
Puncture at 12–14 cm of the incision gap and make a mark. With the needle near the midline of the pedicle, the needle is 
located on the disc and the posterior edge of the spine under lateral fluoroscopy. A guide wire was used instead of the 
needle to pass the dilator through the guide wire into the working cannula. Using forceps and a bipolar radiofrequency 
coagulation device, the herniated disc fragments were removed endoscopically. Pay attention to the space between the 
lumbar intervertebral disc and the ligamentum flavum, and ensure sufficient relaxation. After surgery, the surgeon 
determines the following criteria for decompression: the nerve tissue can move on its own, the dura mater and nerve 
roots beat autonomously (in synchrony with the heartbeat), restore the anatomical position of the nerve tissue, and 
improve the blood supply to the nerve tissue. The surgeon also needs to ensure that symptoms have subsided.

Evaluation of Baseline Characteristics
Baseline characteristics included patient factors (age, sex, BMI and vertebral level of the operation), basic radiographic 
parameters on X-rays (Van Akkerveeken’s lines, Hadley’s “S” curve, Ullmann’s line), and CT (osteoarthritic facet 
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degeneration grade and facet tropism) and MRI findings (Pfirrmann grading, modic changes, facet fluid measurement, 
and muscle fatty degeneration). The visual analogue scale (VAS) scores for leg and low back pain were used to evaluate 
patient-reported outcomes preoperatively, at 1 month, 3 months, 6 months and 1 year postoperatively. The Oswestry 
Disability Index (ODI) was used to evaluate patient-reported outcomes preoperatively, at 3 months, 6 months and 1 year 
postoperatively. CLBP was defined as VAS ≥4 at every point, because VAS ≥4 was defined as moderate pain.

Radiographic Evaluation
All radiographic parameters were performed twice and averaged to reduce the errors by a single spine surgeon, the 
pathoanatomic alterations in relation to spinal motor unit dysfunction were analysed, and a specific score was given to 
every kind of alteration. In X-rays, the Van Akkerveeken’s lines12 refer to the distance between the crossing of the two 
lines passing through the endplates and the posterior wall of the vertebral body. Hadley’s “S” curve12 is an S-shaped line 
passing through the inferior margin of the transverse process and the lateral margin of the articular mass. An interruption 
of the S-shaped line means facet subluxation. Ullmann’s line12 is a line passing through the endplate of S1, and the other 
line is perpendicular to the first line and passes through the sacral promontory. If L5 is beyond the line, the segment is 
unstable. In addition, the slip distance percentage was measured as the interval between two extended lines of the 
posterior aspects of the two vertebral bodies with herniation in dynamic X-rays, which were used to evaluate lumbar 
instability whether or not (Figure 1).

On CT, the osteoarthritic facet degeneration grade14 evaluates the grade of osteoarthritic facet degeneration and 
includes 4 progressive grades. Facet tropism15 was measured as the difference in the angle between the midline and the 
line passing through the articular rim.

On MRI, Pfirrmann grading16,17 is a method for evaluating intervertebral disc degeneration, which includes 5 
progressive degeneration grades that are related to the degree of progressive instability. Modic changes18–20 evaluate 
the degeneration of the endplates, and include 3 progressive degeneration grades. Facet fluid21 refers to a large (>1.5 mm) 
facet effusion. Muscle fatty degeneration22 evaluates whether the lumbar multifidus muscle has fatty infiltration.

A score of 0 is assigned if there is no alteration, or a score of 1 is assigned if the specific alteration is found (ie, the 
presence of facet fluid, muscle fatty degeneration, facet tropism and of the measurements on the X-ray). The score 

Figure 1 The Van Akkerveeken’s lines were measured as the distance between the crossing of the two lines passing through the endplates and the posterior wall of the 
vertebral body. “a” is the distance between the crossing of the two lines passing through the endplates and the midpoint of the posterior edge of the lower vertebral body. 
“b” is the distance between the crossing of the two lines passing through the endplates and the midpoint of the posterior edge of the upper vertebral body (A). Ullmann’s 
line is a line that passes through the endplate of S1, and the other line is perpendicular to the first line and passes through the sacral promontory (A). Hadley’s “S” curve is an 
S-shaped line passing through the inferior margin of the transverse process and the lateral margin of the articular mass (B).
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assigned ranges from 0 to 4 depending on the specific alterations, including modic changes, Pfirrmann grading, and 
osteoarthritic facet degeneration grade (Table 1).

The sum of the different scores defines a total score varying from 0 to 14 and indicates the degree of lumbar 
dysfunction, where a score of 0 indicates a stable lumbar spine and scarce clinical meaning and a score of 14 indicates 
severe microinstability.

Study Groups
The enrolled patients were divided into three groups: a stable group (Group S), a dysfunctional group (Group D) and 
a microinstability group (Group M), based on the sum of the different scores obtained in individual examinations. Group 
S included patients with scores of 0–3, which was defined as a stable lumbar spine, which indicates that the clinical and 
radiologica, findings indicate dysfunction in its initial stage and that there is little clinical and biomechanical meaning of 
the findings. Group D included patients with scores of 4–8, which was defined as a dysfunctional lumbar spine, with 
accompanies moderate clinical and biomechanical meaning of the findings. Group M included patients with scores of 9– 
14, defined as microinstability of the lumbar spine, which indicates advanced-stage dysfunction with great clinical and 
biomechanical of the findings.

Statistical Analysis
Two primary analyses were conducted. First, baseline characteristics were compared among Group S, Group D and 
Group M. Second, the radiographic characteristics were compared among the three groups. All data were analysed using 
SPSS version 24.0 (SPSS, Chicago, IL, USA). The data were fit to a normal distribution, so the paired t-test was used to 
analyse the intragroup differences. Analysis of variance (ANOVA) and the chi-square test were used to analyse the 

Table 1 Scores for Radiographic Data

Radiographs Specific 
Alterations

Score

Static X-Rays The Van Akkerveekens’ 

measurements (>1.5mm)

+/- 1/0

Hadley’s “S” curve +/- 1/0

Ullman’s line +/- 1/0

CT Osteoarthritic facet 

degeneration grade

Grade I 0

Grade II 1

Grade III 2

Grade IV 3

Facet tropism +/- 1/0

MRI Pfirmann grading Grade I 0

Grade II 1
Grade III 2

Grade IV 3

Grade V 0

Modic changes Grade 0 0

Grade I 2
Grade II 1

Grade III 0

Facet fluid(>1.5mm) +/- 1/0

Fatty degeneration +/- 1/0
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differences among these three groups. Moreover, logistic regression was performed to ascertain potential related and 
independent risk factors for CLBP. A P value <0.05 was considered statistically significant.

Results
Baseline Characteristics
A total of 127 patients who underwent surgical treatment with PTED were included in this study. The average age of 
these patients was 50.6 years (range 25–87 years). Of the 127 patients, 71 (55.9%) were male, 31 (24.4%) patients were 
assigned to Group S, 59 (46.5%) patients were assigned to Group D, and 37 (29.1%) patients were assigned to Group 
M. There was no difference in reporting among the groups in age, sex, or BMI. Their demographic information was 
recorded (Table 2). L4-5 was the most common surgical level (n = 76, 59.8%), followed by L5-S1 (n = 46, 36.2%) and 
L3-4 (n = 5, 3.9%). In addition, the follow-up period was not significantly different among Group S (22.4 ± 7.3), Group 
D (20.8 ± 8.9) and Group M (20.3 ± 10.3).

Evaluation of the Radiographic Characteristics
The measurements from the X-rays are shown in Table 3. In Group M, the Van Akkerveeken’s lines and Hadley’s “S” 
curves were significantly higher than those in the other two groups (P < 0.01, P = 0.04, respectively), whereas no 
significant difference was observed in the Ullman lines (P = 0.11). In the CT images, compared to Group S and Group D, 
Group M demonstrated significantly higher osteoarthritic facet degeneration (0.26 ± 0.44 versus 0.76 ± 0.60 versus 1.54 
± 0.69, respectively) and different facet tropisms (0.29 ± 0.46 versus 0.56 ± 0.50 versus 0.86 ± 0.35, respectively) 
(Table 4). As shown in Table 5, the greatest degenerative indication was observed in Group M via Pfirrmann grading 
(2.83 ± 0.44), facet fluid (0.85 ± 0.35), muscle fatty degeneration (0.81 ± 0.40) and modic change (1.08 ± 0.54). The 
logistic regression analysis results for low back pain (VAS≥4) revealed that muscle fatty degeneration (95% CI, 1.20– 
8.51, P = 0.02) and facet tropism (95% CI, 1.39–11.37, P = 0.01) were independent risk factors (Table 6)

Table 2 Baseline Characteristics

N

Characteristics All (127) Group S (31) Group D (59) Group M (37) P

Sex

Male 71 18 34 19 0.80
Female 56 13 25 18

Age (years) 50.6 ± 15.5 48.6 ± 14.3 49.5 ± 15.6 54.1 ± 16.0 0.26

BMI (kg/m^2) 24.4 ± 3.5 23.2 ± 3.9 25.0 ± 3.3 24.5 ± 3.3 0.07

Follow-up(months) 20.9 ± 7.3 22.4 ± 7.3 20.8 ± 8.9 20.4 ± 10.3 0.74

Surgical level

L4-5 or above 73 19 38 16 0.11

L5-S1 54 12 21 21

Table 3 Radiographic Findings in the X-Rays

Group S Group D Group M P

Van 0.13 ± 0.34 0.32 ± 0.47 0.78 ± 0.42 <0.01

Hadley 0.19 ± 0.40 0.41 ± 0.50 0.49 ± 0.51 0.04

Ullman 0.42 ± 0.50 0.56 ± 0.50 0.68 ± 0.47 0.11

Abbreviations: Van, the Van Akkerveekens’ measurements; Handley, Hadley’s “S” curve; Ullman, Ullman’s line.
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Patient-Reported Outcomes
For patient-reported outcomes, preoperative symptoms including VAS for leg pain and low back pain and ODI 
scores were not significantly different among the three groups, and all patients achieved significant clinical relief 
after surgery (ODI scores, P < 0.01; VAS of leg pain, P < 0.01; VAS of low back pain, P < 0.001). However, the 
scores of ODI and VAS for low back pain scores in Group M were significantly higher than those in the other two 
groups at 1 month (VAS scores for low back pain, 2.6 ± 0.7 vs 3.5 ± 1.2 vs 4.2 ± 1.4, Group S, Group D, Group M, 
respectively), 3 months (ODI, 18.7 ± 4.39 vs 21.2 ± 4.09 vs 23.3 ± 3.87; VAS scores for low back pain, 2.2 ± 0.7 vs 
2.4 ± 1.1 vs 3.9 ± 1.2, Group S, Group D, Group M, respectively), 6 months (ODI, 16.6 ± 3.91 vs 19.4 ± 3.75 vs 
21.4 ± 4.46; VAS scores for low back pain, 1.9 ± 0.5 vs 2.2 ± 1.0 vs 3.8 ± 1.2, Group S, Group D, Group My, 
respectively) and 1 year postoperatively (ODI, 15.4 ± 3.71 vs 17.0 ± 3.93 vs 20.1 ± 4.24; VAS scores for low back 
pain, 1.8 ± 1.1 vs 2.1 ± 1.3 vs 3.7 ± 1.1, Group S, Group D, Group M, respectively), as shown in Table 7 (P < 
0.05). Additionally, the VAS (leg pain) scores were not significantly different among the three groups at different 
time points after percutaneous endoscopic transforaminal discectomy surgery (1 month, P = 0.14; 3 months, P = 
0.09; 6 months, P = 0.15; 1 year, P = 0.08).

Table 5 Radiographic Findings in the MRI

Group S Group D Group M P

Pfirmann 0.94 ± 0.51 2.41 ± 0.65 2.83 ± 0.44 <0.01

Modic 0.03 ± 0.18 0.58 ± 0.62 1.08 ± 0.54 <0.01
Fluid 0.10 ± 0.30 0.63 ± 0.49 0.86 ± 0.35 <0.01

Fatty 0.13 ± 0.34 0.42 ± 0.50 0.81 ± 0.40 <0.01

Abbreviations: Pfirmann, Pfirmann grading; modic, modic changes; fluid, facet fluid; fatty, muscle fatty degenera
tion; OF, osteoarthritic facet degeneration grade; tropism, facet tropism.

Table 6 Logistic Regression Analysis for High Risk Factors for 
Low Back Pain

OR P Wald 95% CI

Van 2.47 0.06 3.54 0.96–6.34

Hadley 1.46 0.42 0.64 0.58–3.73
OF 1.33 0.39 0.74 0.69–2.55

Tropism 3.98 0.01 6.70 1.39–11.37

Pfirmann 1.11 0.74 0.11 0.60–2.05
Modic 1.26 0.55 0.35 0.59–2.70

Fluid 1.99 0.20 1.64 0.70–5.68

Fatty 3.20 0.02 5.43 1.20–8.51

Abbreviations: Van, the Van Akkerveekens’ measurements; Handley, Hadley’s 
“S” curve; OF, osteoarthritic facet degeneration grade; Tropism, facet tropism; 
Pfirmann, Pfirmann grading; modic, modic changes; Fluid, facet fluid; Fatty, 
muscle fatty degeneration.

Table 4 Radiographic Findings in the CT

Group S Group D Group M P

OF 0.26 ± 0.44 0.76 ± 0.60 1.54 ± 0.69 <0.01
Tropism 0.29 ± 0.46 0.56 ± 0.50 0.86 ± 0.35 <0.01

Abbreviations: OF, osteoarthritic facet degeneration grade; Tropism, facet tropism.
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Discussion
The CLBP after PTED surgery was associated with an increased incidence of postoperative complications and decreased 
patient satisfaction.23 Various studies have reported the risk factors for CLBP after PTED, which include BMI, level of 
surgery, paraspinal muscle degeneration, sex and Modic changes,24,25 but lumbar instability is the first consideration.26 

Theoretically, a stable lumbar spine is one of the surgical indications, and PTED is not a good choice for patients with 
lumbar instability. The most commonly used method to evaluate lumbar instability is flexion and extension standing 
radiographs, so it is significant to know whether this method is accurate or not.

Recently, Landi et al12 proposed a new clinical test and defined the vertebral segment according to the specific 
dysfunctional condition without the presence of an obvious instability, such as those with MI, using preoperative 
radiological examinations. Spinal functional units (SFUs) with MI will have disordered biomechanics, rendering them 
unable to perform physiological functions well and resulting in spinal degenerative disease and low back pain. 
Furthermore, their findings demonstrated that MI at the involved segments has good predictive value for adjacent 
segment disease (ASD) after instrument and fusion surgery.

These theoretical considerations can also be applied to patients who have undergone PTED, almost all of whom have 
biomechanical problems in the lumbar spine, which may be caused by the dysfunction of the SFU and result in clinical 
symptoms. In addition, the most commonly used dynamic X-rays for detecting lumbar instability may be less sensitive. 
Chen et al27 reported that flexion was limited subsequent to aggravated back pain, which appeared during a forward 
bending posture when instructed to “bend forward from your lower back as low as possible, do not stick out your 
buttocks” and was accurately diagnosed, and treatment was therefore limited at the same time.

Table 7 Comparison of ODI Scores, VAS (Leg Pain) and VAS (Low Back Pain)

Group S Group D Group M P value

ODI scores

Preoperative 60.1 ± 9.66 61.5 ± 9.97 64.7 ± 8.05 0.11

3 months 18.7 ± 4.39 21.2 ± 4.09 23.3 ± 3.87 <0.01*

6 months 16.6 ± 3.91 19.4 ± 3.75 21.4 ± 4.46 <0.01*

1 year 15.4 ± 3.71 17.0 ± 3.93 20.1 ± 4.24 <0.01*

VAS (leg pain)

Preoperative 5.9 ± 1.8 6.1 ± 1.4 6.6 ± 1.3 0.12

1 month 1.4 ± 0.7 1.7 ± 0.9 1.8 ± 1.0 0.14

3 months 1.1 ± 0.3 1.2 ± 0.5 1.4 ± 0.9 0.09

6 months 0.8 ± 0.4 1.0 ± 0.5 1.1 ± 0.6 0.15

1 year 0.6 ± 0.5 0.7 ± 0.5 0.8 ± 0.5 0.08

VAS (low back pain)

Preoperative 5.4 ± 0.7 5.7 ± 1.6 6.1 ± 1.2 0.14

1 month 2.6 ± 0.7 3.5 ± 1.2 4.2 ± 1.4 <0.01*

3 months 2.2 ± 0.7 2.4 ± 1.1 3.9 ± 1.2 <0.01*

6 months 1.9 ± 0.5 2.2 ± 1.0 3.8 ± 1.2 <0.01*

1 year 1.8 ± 1.1 2.1 ± 1.3 3.7 ± 1.1 <0.01*

Note: *Statistically significant among Group Stable, Group Dysfunctional and Group Microinstability.
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Patients in our study with CLBP had an average MI score of 9.84, which indicated that, for this subset of patients, 
operative levels of MI and dysfunctional lumbar units were present. However, the outcome evaluated by dynamic X-rays 
was “stable”. Such a large difference may be related to use of the biomechanical assessment method. When using the 
entire spine as a spinal functional unit for evaluation, multiple pieces of information may be ignored due to many 
limitations, including aggravated back pain and body position changes. Nevertheless, MI, a concept parallel to vertebral 
instability, considers lumbar degenerative disease a dysfunction of an individual, the spinal motor unit and is defined as 
“active discopathy” and described as configuring the first phase of the degenerative cascade. The biomechanical function 
of the spinal motor unit demands assessment using various radiological data and can divide the level of dysfunction into 
three classes: the stable level (scores of 0–3), the dysfunctional level (scores of 4–8), and the microinstability level 
(scores of 9–14). Our study demonstrated that class 3 (the microinstability level) is associated with relevant pathoana
tomic alterations, with high clinical relevance for CLBP after PTED surgery. Meanwhile, this outcome indicates that 
many radiographic characteristics need to be taken into account before choosing surgical treatments instead of evaluating 
lumbar instability with dynamic X-rays only.

On the X-ray evaluations, our results revealed that the Van Akkerveeken’s lines and the “Hadley” curve were significantly 
different among the three groups. The Van Akkerveeken’s lines are the distance between the crossing of the two lines and the 
posterior wall of the vertebral body. When the outcome of the measurements is greater than 1.5 mm in lateral projections, it 
indicates damage to the posterior ligaments and a high disc. The Hadley’s “S” curve is an S-shaped line that passes through 
the lower edge of the transverse process and the outer edge of the engagement block. A break in the S-shaped line indicates 
subluxation of the facet. Radcliff et al28 demonstrated that the complete posterior ligament complex is conducive to 
maintaining the stability of the lumbar spine and has good clinical efficacy, which was similar to the results of our study. 
When damage to the ligament complex occurs, force from the ligaments will be placed on the lumbar disc, facet joints or 
lumbar vertebrae, which results in SFU dysfunction. In addition, Farajpour et al29 found that bracing the ligament complex at 
an optimal angle is highly effective in reducing low back pain, which indicates that ligaments, fractures and biomechanical 
function all play a significant role in lumbar stability. Furthermore, a high disc may indicate solid nucleus pulposus tissue. 
When the ligament complex is damaged, tremendous pressure acts on the lumbar intervertebral disc directly, which may 
cause disc-originating low back pain but not affect the slip distance in dynamic X-rays.

Additionally, the patients in Group M demonstrated that a higher osteoarthritic facet degeneration and asymmetrical 
facet joints (facet tropism) were associated with CLBP. The osteoarthritic facet degeneration grade is an assessment of 
the degree of facet joint osteoarthritis. The facet joint has only one synovial joint, including the joint capsule, synovium, 
and hyaline cartilage that covers the subchondral bone. Duc et al30 indicated that facet tropism could cause torsion during 
lumbar flexion and extension, increase the shear force on the spine, and be associated with degenerative osteoarthritis of 
the facet joint, which can reduce the stability of the lumbar spine, as found in our study. Similarly, Ko et al31 reported 
a correlation among facet tropism, herniated nucleus pulposus and spondylolisthesis, and they showed that CLBP was 
associated with facet tropism at the lumbar spine in a selected community-based populations. Based on the findings of the 
above studies, facet tropism and facet joint osteoarthritis are likely important mechanisms contributing to MI, and facet 
tropism may be the initiating factor. This may also explain why facet tropism is an independent factor correlated with 
CLBP according to the multivariate logistic regression analysis in our study.

Our results support the hypothesis that the condition of the whole SFU, including the lumbar disc, facet joints and 
lumbar multifidus muscle, is involved in CLBP after PTED surgery. According to the MRI, Group M was characterized 
by more degenerated discs, facet fluid and a weaker lumbar multifidus muscle than the other groups. Our study indicates 
that CLBP may originate from the posterior elements of the SFU. The fatty infiltration of the lumbar multifidus muscle 
may provide insufficient muscular strength, which gives rise to disc degeneration and causes pain and instability of the 
spine.32 In addition, facet joint fluid is a known source of low back pain, and the underlying reasons may be related to 
CLBP. More facet fluid may predict a lower disc height and a disordered spinal functional unit. In a previous study, 
Snoddy et al33 demonstrated that facet fluid has a close relationship with dynamic instability and that patients can achieve 
significant improvement in low back pain following posterior lumbar instrumentation and fusion. The clinical results 
support that PTED may be a less effective treatment for patients with high MI scores.
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There are several limitations to this study. First, the current study is a retrospective cohort study, which means that the 
level of evidence is not substantially high. Second, this study only included 127 patients who underwent PTED surgery at 
our single center, which may be subject to some biases, including misclassification and selection bias. Second, the 
radiological parameters on X-rays are not routine evaluation methods; however, they have the potential to guide surgical 
decision-making, as they are capable of revealing whether the lumbar spine is unstable or dysfunctional, especially for 
patients with high expectations regarding symptom relief after PTED surgery.26,27 Finally, further studies are needed to 
clarify whether patients with MI might take advantage of fusion or dynamic stabilization.

Conclusions
In conclusion, this study found a positive association between CLBP and MI or dysfunctional SFUs, and the evaluation of the 
function of an SFU should depend on complete radiographic outcomes rather than on standing lumbar flexion and extension 
only. The findings of this analysis suggest that patients with MI could not achieve good improvement in low back pain after 
PTED. Patients with lumbar microinstability may need to take internal fixation surgery to solve their symptoms.

Abbreviations
MI, lumbar microinstability; LDH, lumbar disc herniation; PTED, percutaneous endoscopic transforaminal discectomy; 
CLBP, chronic low back pain; ODI, Oswestry Disability Index; VAS, visual analogue scale; ASD, adjacent segment 
disease; SFU, spinal functional unit.
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