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Abstract
Purpose: To demonstrate the clinical characteristics of symptomatic residual bone fragment of the
superior articular process (symptomatic-RBF-SAP) after percutaneous transforaminal endoscopic
discectomy (PTED), and to discuss its types and revision strategies.
Methods: We retrospectively analyzed 556 consecutive patients who underwent PTED between July 2015
and November 2017; seven (1.2%) of whom experienced symptomatic RBF-SAP. Clinical outcomes were
evaluated using the visual analog scale (VAS), Oswestry disability index (ODI), and modified MacNab
criteria.
Results: Intractable radicular leg pain was the most common symptom. Symptoms occurred late in 2
patients (>3 days) and early (<3 days) in five patients. Symptoms occurred on the contralateral side in
two early cases. Cerebrospinal fluid (CSF) leakage and nerve injury were secondary complications in one
early case. CSF leakage also occurred in one delayed case. Patients with radicular leg pain underwent
secondary repair surgery. The mean follow-up period was 17.7 months, VAS of radicular leg pain
improved from 8.7 to 1.8, and ODI improved from 74.5% to 23.9%. The final outcomes were excellent,
good, and fair in one, three, and two patients, respectively.
Conclusions: Foraminoplasty for PTED may increase the risk of symptomatic-RBF-SAP. If this occurs,
revision surgery is required, not only for severe pain, but also for secondary complications that may occur.

Introduction
Percutaneous transforaminal endoscopic discectomy (PTED) is widely used to treat lumbar degeneration,
particularly cases of lumbar disc herniation and lumbar spinal stenosis. This procedure, which is
performed under local anesthesia, has many advantages, such as less preoperative anxiety, minimized
risk compared to techniques that require general anesthesia, and reduced instability[1–5]. Additionally,
PTED is less traumatic (only a 7‒8-mm incision is required), has a shorter duration of inpatient time, and
causes less paravertebral muscle injury[6–9].
Incidental residual bone fragment after spine surgery are one of the most important complications in
many clinical studies. New neurological deficits caused by residual bone fragment have been reported
after osteotomy operations, and clinical manifestations include pain, numbness, and muscle weakness.
The clinical features and treatment of these deficits have also been described. Therefore, defining this
complication is important for patient counseling, quality improvement, and potential medicolegal
issues[10].
Theoretically, the risk of residual bone fragment and subsequent new neurological deficit, termed
symptomatic residual bone fragment of the superior articular process (symptomatic-RBF-SAP), may be
relatively low, although not non-existent, in patients who undergo PTED. Compared to surgery for severe
spinal deformities, osteotomy is not performed in PTED. Choi et al.[11] reported that the use of a bone
Page 2/13

reamer to undercut the articular process is essentially a blind procedure, even when it is performed under
fluoroscopic guidance, as there is no control over the amount of bone removed and bleeding from the
bone. The incidence and clinical effects of symptomatic-RBF-SAP associated with PTED are unknown.
Therefore, we sought to evaluate the clinical characteristics of symptomatic-RBF-SAP after PTED and to
discuss the different types and revision strategies for this underestimated complication.

Materials And Methods

Data collection
The retrospective study was approved by the Ethical Committee of Ningbo No.6 Hospital, the Ethical
Committee of Tianjin Hospital, the Ethical Committee of The Second Affiliated Hospital of Zhejiang
University, the Ethical Committee of Ningbo Li Huili Hospital, the Ethical Committee of The Second
Affiliated Hospital of Wenzhou Medical University and the Ethical Committee of Armed Police Coprs
Hospital of Henan. The study was carried out in accordance with the relevant guidelines and regulations,
and informed consent was obtained from all participants. We reviewed our database for patients who
had undergone PTED at six hospitals between July 2015 and November 2017. A total of 556 consecutive
cases were treated with PTED by six surgeons. The inclusion criteria were as follows: (1) lumbar disc
herniation, lumbar spinal stenosis, and soft lumbar disc herniation demonstrated on preoperative
magnetic resonance imaging (MRI) and computed tomography (CT) scans; (2) failure of conservative
treatment after more than 6 months; and (3) no previous lumbar surgery at the same disc level. The
exclusion criteria were (1) the presence of cardiovascular diseases, spinal tumor, fracture, or infection;
and (2) spinal instability, narrowed foramen, lateral recess stenosis, or calcified disc herniation.
The patients’ medical records were retrospectively examined. Among the 556 consecutive PTED cases in
the database, seven cases of PTED-associated symptomatic-RBF-SAP were found. Residual bone
fragment were confirmed using CT or secondary open surgery. Clinical outcomes were evaluated using a
visual analog scale (VAS) for pain intensity and the Oswestry Disability Index (ODI) to assess functional
status[12]. The patients’ clinical outcomes were also classified as excellent, good, fair, or poor based on
the modified MacNab criteria[13].

Surgical procedure
PTED was performed in the prone position, as previously described[5, 8]. The surgeon operated while
standing on the symptomatic side and positioned the video monitor on the opposite side. The skin entry
point was typically lateral, 8‒14 cm from the midline. An 18-gauge spinal needle was introduced after the
entry point was infiltrated with local anesthetics under the guidance of C-arm fluoroscopy. The final target
point was then infiltrated with 2‒3 cc of 1% lidocaine in the medial pedicular line on the anteroposterior
image and the posterior vertebral line on the lateral image. When the spinal needle punctured the targeted
disc, contrast medium mixed with indigo carmine dye was introduced to stain the pathological nucleus, in
order to make locating the annular tear easier. The following steps were then performed. First, we made
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an 8-mm skin incision, and the spinal needle was replaced with a guidewire. The working channel was
then introduced over the guide wire, successively from thin to wide dilators, until the tip of the working
cannula was located on the herniated disc, close to the posterior longitudinal ligament. Next,
foraminoplasty was performed, and the SAP was undercut using a bone reamer or bone cutter[14, 15]. Next,
an endoscope (Wolf, Tuttlingen, Germany) was inserted through the working cannula, and an irrigation
system was connected. The pathological nucleus was easily distinguished due to the stain used, and the
herniated disc fragment was then removed using forceps and a laser once the posterior longitudinal
ligament was loosened and a favorable pulse of the dura sac was observed. Finally, the skin was closed
using sutures.

Statistical analysis
The data were statistically processed by SPSS 17.0 statistical software (SPSS Inc, Chicago, Illinois, USA),
and the measurement data were expressed as mean ± SD.

Results

Demographics and types of symptomatic residual bone
fragment of the superior articular process
A total of 556 patients with radicular leg pain underwent PTED between July 2015 and November 2017.
The study population included 379 female and 177 male patients with an average age of 46.7 (range,
32–85) years. Seven patients (1.2%) experienced symptomatic-RBF-SAP associated with PTED. These
included six female and one male patient, with a mean age of 67.3 (range, 57‒83 years). All female
patients had attained menopause. The operative segments were L2/3 in one, L3/4 in two patients, L4/5
in three, and L5/S1 in one patient. No bone fragment was observed intraoperatively. Symptoms only
appeared after PTED, within an average of 7.5 hours (range, 6–‒10 hours) in five patients (early type), all
of whom complained of radicular pain (four cases with leg pain and one with low back pain), and after a
symptom-free interval in two patients (delayed type). Symptoms were found to be caused by a residual
bone fragment rather than by recurrent disc herniation or a hematoma, based on a postoperative CT scan
or secondary open surgery. The leg pain was severe, aggravated by activity, and unresponsive to
conservative management. Patients with low back pain did not experience serious pain, and conservative
treatment was effective.
Based on the location of the residual bone fragment, the seven cases were classified into two categories:
(1) ipsilateral residue, with the residual bone fragment on the same side as the initial symptom (n=2 early
type) (Fig.1), and (2) contralateral residue, with the bone fragment on the contralateral side (n=3 early
type, 2 delayed type) (Fig.2). The location of the residual bone fragment was easily detected on CT, but in
one patient, neither CT nor MRI revealed the bone fragment; it was only found during the secondary
operation. Fig.1
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One patient refused secondary surgery due to fear. Other patients underwent secondary surgery using
different approaches. The shortest revision time was 2 days, and the longest was 3 months. The strategy
for revision was microendoscopic discectomy in two cases and mobile microendoscopic discectomy,
small incision operation, PTED, and minimally invasive transforaminal lumbar interbody fusion (MisTLIF) in one patient each, and these procedures succeeded in removing the residual bone fragment in all
cases. The largest bone fragment was 8 mm × 8 mm × 2 mm, and the smallest was 6 mm × 3 mm × 2
mm. The contralateral residual bone fragment was larger than the ipsilateral fragment.
One delayed case had a secondary complication of CSF leakage, and a small piece of gelatin sponge
was used to seal the defect in the dura. However, one early type patient had both CSF leakage and nerve
root injury. After treatment, motor function improved from grade 3/5 to 4/5.

Clinical outcomes
Over the mean follow-up period of 17.7 months (range, 16‒23 months), the mean VAS of radicular leg
pain decreased from 8.7 (SD 0.8) to 1.8 (SD 0.8), and mean ODI improved from 74.5% (SD 4.5%) to 23.9%
(SD 6.8%). Based on the modified MacNab criteria, the final outcome was excellent in one patient, good in
three patients, and fair in two patients. Patients with low back pain who refused revision surgery had a
post-PTED VAS score of 4 and an ODI of 17/50 (34%), and a VAS score of 3 and ODI of 15/50 (30%) at
the last follow-up.

Discussion
We described the clinical characteristics of early and delayed symptomatic-RBF-SAP post-PTED and
showed that intractable radicular leg pain was the most common symptom and was caused by ipsilateral
or contralateral residual bone fragment, which could be removed through revision surgery.

Foraminoplasty in PTED
All patients with symptomatic RBF-SAP underwent foraminoplasty during PTED. Foraminoplasty involves
widening the foramen by undercutting the ventral part of the SAP, with ablation of the foraminal ligament,
using bone trephines or an endoscopic drill and side-firing lasers, to visualize the anterior epidural space
and its contents[11]. Foraminoplasty was performed to avoid damaging the exiting nerve during
endoscopic cannula insertion into the neural canal through the intervertebral foramen. Henmi et al.
evaluated the intervertebral foramen pre- and postoperatively using CT and found that the mean
foraminal area increased significantly from 58.6 to 88.4 mm2[16]. However, bone destruction increases the
possibility of residual bone fragment. Foraminoplasty is performed blindly and depends greatly on the
surgeon’s experience. Some bone fragment may not be removed after the SAP is cut. When the site of
foraminoplasty is not ideal, adjusting the direction of the working cannula is often necessary to improve
decompression. In elderly patients, care should be taken to reduce the risk of residual bone fragment due
to osteoporosis. Foraminoplasty demands on the surgeon’s technical skill and experience, and remains
challenging even for skilled surgeons[17].
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Types of residual bone fragment according to time,
location, and shape
In the delayed cases, symptoms appeared following a period of improvement after they had been
discharge. Two of the seven patients complained of radicular leg pain 1 week after discharge and
another complained 1 month after being discharged. A residual bone fragment was diagnosed using CT
in both patients. The reason for delayed symptoms may be that the location of the bone fragment
changed with activity, and symptoms appeared when the dural sac or exiting nerve root was compressed
by the displaced bone fragment. Irrespective of whether conservative treatment is effective, surgical
removal of bone fragment is recommended. The bone fragment is completely separated from the
ligament; therefore, it can move anywhere in the spinal canal during conservative treatment, and
symptoms may appear gradually, even on the opposite side. Moreover, it can cause injury to the nerve
root and dural sac.
In contrast, in early cases, symptoms appeared soon after the surgery. Within hours after PTED, patients
could not sit or walk because of intractable radicular pain, which was similar to mechanical compression
of the nerve root and dural sac. In osteotomy surgery, neurological deficits can be caused by inadvertent
placement of implants or compromise of the blood supply to the cord. However, no implant was used,
and the dura did not move during PTED. It is difficult for surgeons to determine whether symptoms are
caused by residual bone fragment. In all seven cases, the rare complication was recognized using CT or
secondary intraoperative exploration; no fragment was found during the initial surgery. In PTED, patients
are awake and under local anesthesia and can provide instant feedback to surgeons[18]. One of our
patients complained of leg pain when the surgeon adjusted the working cannula intraoperatively, but the
surgeon considered this to be a normal phenomenon during surgery. In such cases, a bone fragment may
be found by exploration, which can prevent rare complications and secondary surgery. Alternatively, a CT
scan can be performed during surgery (if conditions permit). For open surgery, residual bone fragment
can reportedly cause neurological deficits, including nerve root, cauda equina, and spinal cord deficits. In
our study, the incidence of symptomatic-RBF-SAP was 1.2%; however, although the rate was low, its effect
on patients cannot be ignored. Additionally, asymptomatic RBF-SAP was encountered, but the rate was
low. In our study, only nerve root deficit occurred, possibly due to the anatomy of the intervertebral
foramen and exiting nerve root. The residual bone fragment of the SAP after foraminoplasty becomes a
foreign body in the foramen that can be pushed into the spinal canal by inserting a working cannula after
foraminoplasty. Due to the limited space in the spinal canal, symptoms of nerve root deficit can easily
occur.
In the early cases, two patients experienced pain on the contralateral side. Typically, people will consider
recurrence at the same location or other levels first, which may be due to activity or an undiscovered
herniated intervertebral disc. In one of our patients, a mixed signal in the spinal canal was detected using
MRI (Fig. 3), although CT was not performed after the operation, MRI found only a hematoma. Although
epidural hematoma is the most common cause of postoperative neurological deficits [19], a residual bone
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fragment was found during revision surgery in this patient. The bone fragment may have resulted from
foraminoplasty and could have been pushed to the opposite side and moved across the midline during
cannula placement. Interestingly, no contralateral cases occurred in the delayed type. Contralateral bone
fragment move from side to side over time; thus, ipsilateral cases are expected to occur early.
The two largest bone fragment were in contralateral cases. These may have been easily pushed to the
opposite side while manipulating the cannula, as small bone fragment may have been pushed around the
working cannula. Jacob et al. noted that neurological deficits were always unilateral, were never proximal
to, and usually did not correspond to the level of the osteotomy. This was thought to be due to a
combination of subluxation, residual dorsal impingement, and dural buckling[20]. Although the residual
bone fragment was also unilateral in PTED, the deficit was at the same level. None of the patients had
more than one residual bone fragment.
Residual bone fragment may also cause secondary complications unrelated to early or delayed types.
Although there have been no reports of secondary complications in open surgery, this complication is
related to the shape of the bone fragment. The sharp edge of the fragment can injure nerve roots and the
dural sac. If the dural sac is punctured, CSF leakage occurs, and this increases the risk of infection. It may
also cause neural entrapment syndrome when the nerve root is compressed by a dural tear. Two patients
(28.6%) had CSF leakage, and one patient (14.3%) had nerve injury. Secondary complications are
associated with the risk of recurrence if the fragment is not removed.

Revision strategy of residual bone fragment
Some studies have reported new neurological deficits caused by residual bone fragment after open spinal
surgery[10, 19–21]. Some patients in these studies responded to conservative treatment, while others
required revision surgery. With laminectomy, the spinal canal volume increases, and the probability of
successful conservative treatment is increased. However, our PTED patients did not have changes in
spinal canal stenosis; thus, conservative treatment was less useful. One patient with low back pain
refused surgery because of fear, while the others underwent various types of revision surgery. The VAS
score decreased in all patients, irrespective of the revision surgery type.

Conclusions
Although PTED is a minimally invasive and relatively safe procedure, surgeons should consider the
complications of symptomatic-RBF-SAP, particularly when foraminoplasty is performed. SymptomaticRBF-SAP always requires revision, not only due to severe pain, but also due to the risks of secondary
complications.
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Table 1
Information of seven cases after PTED
No

Age

Sex

Segment

Never and
dural sac

Size
(mm)

Location

Time of
reoperation

Method

(year)
1

60

Female

L4/5

/

6×3×2

Ipsilateral

/

/

2

63

Female

L5/S1

/

7×3×2

Ipsilateral

3 months

PTED

3

83

Female

L3/4

/

6×6×3

Ipsilateral

8 days

MED

4

78

Female

L2/3

CFL

8×5×3

Ipsilateral

14 days

MED

5

67

Female

L3/4

Nerve
injury; CFL

6×5×4

Ipsilateral

2 days

MMED

6

63

Male

L4/5

/

8×8×2

Contralateral

7 days

small
incision

7

57

Female

L4/5

/

8×4×3

Contralateral

2 days

MisTLIF

MED = Microendoscopic Discectomy, MMED = mobile Microendoscopic Discectomy, PTED =
percutaneous trasforaminal endoscopic discectomy, Mis-TLIF = minimally invasive surgery
transforaminal lumbar interbody fusion, CFL = cerebrospinal fluid leakage
Table 2
Clinical outcomes of revision for symptomatic-RBF-SAP associated with PTED
Case No.

VAS-leg

Oswestry disability index

McNab criteria

Follow-up
(months)

Preop

Postop

Preop

Postop

1

-

-

-

-

-

18

E

8

1

35/45 (78%)

10/45 (22%)

Good

16

E

10

1

38/50 (76%)

8/50 (16%)

Excellent

19

4

9

2

36/45 (80%)

12/50 (24%)

Good

23

5

8

1

37/50 (74%)

9/50 (18%)

Good

21

6

9

3

34/50 (68%)

15/50 (30%)

Fair

10

7

8

2

31/45 (71%)

15/45 (33%)

Fair

17

symptomatic-RBF-SAP = symptomatic residual bone fragment of the superior articular process, PTED
= percutaneous trasforaminal endoscopic discectomy
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Figure 1
Illustrative case of symptomatic residual bone fragment of the superior articular process (symptomaticRBF-SAP) on the ipsilateral side (case no. 3). An 83-year-old female patient underwent percutaneous
transforaminal endoscopic discectomy (PTED) for a right-sided disc herniation at the L3/4 level (a, b). A
residual bone fragment was detected postoperatively, using computed tomography, on the same side as
the original symptoms (c, d). After revision, the residual bone fragment was removed (e)
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Figure 2
Illustrative case of symptomatic residual bone fragment of the superior articular process (symptomaticRBF-SAP) in contralateral side (case no. 7). A 57-year-old female patient underwent percutaneous
transforaminal endoscopic discectomy (PTED) for a right-sided disc herniation at the L4/5 level (a, b). A
residual bone fragment was detected postoperatively, using computed tomography, on the contralateral
side of the original symptoms (c)
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Figure 3
Illustrative case where magnetic resonance imaging (MRI) could not show the residual bone fragment
(case no. 5). A 57-year-old female patient underwent percutaneous transforaminal endoscopic
discectomy (PTED) for lumbar spinal stenosis at the L3/4 level (a, b). Postoperative MRI showed a mixed
signal in the spinal canal, but did not reveal the residual bone fragment (c, d)
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