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Repair Using Conventional Implant for Ruptured
Annulus Fibrosus after Lumbar Discectomy:
Surgical Technique and Case Series
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Study Design: A retrospective review of annulus fibrosus repair (AR) using a novel technique with a conventional implant.

Purpose: The purpose of this study was to present the feasibility and clinico-radiological outcomes of a novel AR technique using a
conventional implant to minimize recurrence following a lumbar discectomy (LD).

Overview of Literature: Conventional repair techniques to prevent recurrence following LD have several drawbacks. The AR surgi-
cal technique has received little attention as an adjunct to LD.

Methods: A total of 19 patients who underwent novel AR following LD, and who were available for follow-up for at least three years,
were enrolled in this study. Several variables, including the type and size of disc herniation, and the degree of disc degeneration,
were evaluated preoperatively. Postoperatively, the presence of clinical and radiological recurrence of disc herniation was evaluated
from pain intensity and functional statuses, as well as an enhanced L-spine magnetic resonance imaging at the final follow-up. The
presence of a peripheral hollow rim and inserted anchor mobilization were also evaluated during the follow-up.

Results: During follow-ups, there were no recurrences of disc herniation or complications, including neurovascular complications.
Pain and functional disability improved significantly after surgery, and the improvement was maintained throughout the three-year
follow-up period. No mobilization or implant peripheral hollow rim was observed during the follow-up.

Conclusions: This study examined the feasibility of a novel and easily available annulus implant technique following LD. These re-
sults suggest performing AR with this technique may be a valuable alternative for optimizing outcomes, if the procedure is performed
in proper candidates.
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Introduction herniation (LDH), same-level recurrent lumbar disc her-

niation (rLDH), which is reported to have an incidence of

Although lumbar discectomy (LD) yields improvements approximately 3%-23%, complicates favorable outcomes
in pain and physical function as well as a decrease in [1-7]. Consequently, determining the causative factors of

disability for the majority of patients with lumbar disc rLDH after LD and finding ways to overcome this prob-
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lem are necessary because patients with rLDH may even-
tually become symptomatic and require further operative
intervention.

The literature on techniques to prevent rLDH rarely
includes modifications of the LD technique [1,4,5], al-
though the amount of discectomy could be a critical fac-
tor [1,2,4,7]. Sub-total discectomy, a highly aggressive re-
moval procedure, has been criticized for causing nucleus
pulposus and endplate injury, resulting in accelerated
degenerative disc change and a loss of disc height. This is
potentially associated with an increase in the incidence
of chronic back pain. However, several reports have also
concluded this aggressive technique is associated with a
lower rLDH incidence at the affected level [2-6,8]. Alter-
nately, limited discectomy removes only the sequestrated
disc, potentially leaving part of the disc to compress
the dura and nerve root. This has also been criticized
due to its association with a higher rLDH incidence, al-
though this limited surgery may reduce degenerative disc
changes and decrease persistent back pain [2-6,8]. That
is, performing a minimal removal of just the herniated
disc irritating the nerve, along with certain modifications
to the surgical technique to avoid rLDH, can be achieved
and produce an ideal outcome.

Annulus fibrosus repair (AR) has been sparsely re-
ported as an adjunct modification to LD for minimiz-
ing recurrence or disastrous complication [9,10], and
seemed to provide a relatively simple approach for spine
surgeons. A few studies of AR have shown that it can be
an effective way to lower the recurrence rate and improve
annulus healing [7,9-11]. However, several conventional
techniques for AR have drawbacks: (1) it is technically
demanding and difficult to perform the repair in a con-
fined and deeply-seated surgical space; (2) there is po-
tential for suture knots to protrude into the spinal canal
and irritate the nerve along with the existing herniated
disc, thereby creating persistent back pain and radiating
leg pain; (3) these techniques are insufficient to provide
mechanical strength against intradiscal pressure and an-
nulus fibrosus (AF) tensile forces; and (4) although there
are a few commercially available implants for AR, they
are quite expensive and unavailable worldwide.

To our knowledge, AR to lower rLDH incidence after
LD, and a knotless suture technique utilizing an easily
available commercial implant has not previously been
reported. The purpose of this study was to determine the
feasibility of applying a conventional, widely available

implant during LD, and to evaluate the potential benefits
of this special technique in terms of surgical outcome
and recurrence. It was postulated that repair of an an-
nulotomy or spontaneously ruptured AF using this tech-
nique would stabilize disc material, thereby reducing the
incidence of recurrent herniation as well as affected disc
degeneration.

Materials and Methods

1. Inclusion and exclusion criteria

This study received the approval of the Institutional Re-
view Board of Pohang Semyeng Christianty Hospital.

This study was designed as a retrospective review of
medical records between January 2007 and January 2008.
A total of 19 consecutive patients who underwent AR
following LD, and who were able to be followed-up for at
least three years were enrolled in this study. No. 2 fiber-
wire sutures and PushLock implants (Arthrex, Naples,
FL, USA) were used in all cases. All operations were per-
formed by a single surgeon (the corresponding author).
Indications that a patient required AR after a discectomy
were: (1) intractable pain that did not respond to conser-
vative treatment over 12 weeks in young patients; (2) de-
velopment of neurological deficits confirmed by magnetic
resonance image (MRI) of the lumbar spine; and (3) no
history of prior surgery at the same level of the lumbar
spine. Exclusion criteria included: (1) severe degenerative
change or tethered margin of injured AF in spite of young
age, (2) herniated disc of a foraminal or extraforaminal
location on MRI, and (3) any spinal disease other than
disc herniation, such as spinal stenosis.

2. Surgical technique and postoperative management

All surgeries were performed with the patient in a prone
position. A typical midline skin incision, approximately
3-4 cm long, was made over the affected level. A portion
of the caudal part of the superior lamina was sometimes
removed, but a medial facetectomy was performed rarely
and only if the medial facet was clearly impinging on the
nerve root after the discectomy. In cases of transligamen-
tous extrusion (TLE) or sequestration, the most minimal
herniated disc portion was removed after advertent prep-
aration; this allowed for identification of the ruptured AF
site. The ruptured AF site is almost always located on the
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posterolateral portion, which is near the lower endplate of
the affected disc space (Fig. 1). In cases of subligamentous
extrusion (SLE), annulotomy was performed as close as
possible to the lower endplate after advertent preparation,
and then the problematic disc was removed. The com-
pressed nerve root was always examined along its course
to the foramen, and, if necessary, a partial foraminotomy
was also performed. Drainage was kept in all patients for
one day.

AR procedures using the PushLock implant were
relatively simple and easy. First, after completion of dis-
cectomy and decompression of the nerve root, the AF
footprint center at the vertebral body corner was identi-
fied, and a hole at the center for inserting the implant was
made. Second, the annulotomy edge or spontaneously
ruptured AF site was sewn up with two fiber-wire sutures.
Third, to improve ruptured AF healing, the AF footprint
was carefully prepared and abraded near the corner of the
vertebral body, not the endplate, by removing the cov-
ering soft tissue, and rasping with a curette until blood
spots appeared. Finally, the AF edge was grasped by pull-
ing in the direction of the bone bed, which positioned the

Fig. 1. Intraoperative photograph revealed that a spontaneous rupture
of annulus fibrosis (black arrow) was detected at the posterolateral
aspect near inferior endplate attaching the annulus fibrosus.

edge at the footprint. Then, two sewn threads anchoring
the implant were hammered into the cortical bone (Fig. 2).
Postoperative protocols were almost entirely the same as
those generally performed after lumbar discectomy. All pa-
tients were allowed to ambulate the first postoperative day,
and were discharged from the hospital on the second or
third postoperative day. For one month following surgery,
patients were not permitted to sit for long periods of time
or lift heavy objects. Three months after surgery, patients
were allowed to resume normal activities and exercise.

3. Data collection and analysis

Demographic data, clinical data, and radiological data
were retrospectively collected from medical records. Fol-
lowing surgery, an assessment was performed at regular
follow-up intervals immediately after surgery, at three
and six months, one year, then annually thereafter for up
to three years. For clinical data, the visual analog scale

)
Fig. 2. Schematic of our surgical technique for repair of a ruptured
annulus fibrosus. (A) Ruptured annulus fibrosus at the posterolateral
aspect. (B) The edge of the annulotomy site or the spontaneously rup-
tured site was sewn with two fiber wire sutures. (C, D) The edge was
grasped by pulling toward the bone bed and was positioned at the
edge of the footprint. Then, the two sewn threads for anchoring the
implant were hammered into the cortical bone.
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Table 1. The Pfirrmann magnetic resonance imaging classification of disc degeneration

Signal intensity/structure of nucleus pulposus

Distinction between

Grade | Homogenous hyperintense (like CSF)/bright white
Grade Il In homogenous hyperintense/bright+horizontal band
Grade 1l Intermediate/inhomogenous, gray

Grade IV Intermediate-hypointense/inhomogenous, gray to black
Grade V Hypointense/inhomogenous, black

annulus and nucleus Disc height
Clear Normal
Clear Normal
Unclear Normal to slightly decreased
Lost Normal to moderately decreased
Lost Collapsed disc space

CSF, cerebrospinal fluid.

(VAS) and the Oswestry disability index (ODI) were used
to assess patient pain and functional severity.

All preoperative MRIs were analyzed by one spine
surgeon who evaluated the degree of disc degeneration
at the affected lumbar segment using the PACS system
(Infinitt, Bracknell, Berkshire, UK) by Pfirrmann et al.
[12] (Table 1). At the final follow-up appointment, an en-
hanced L-spine MRI with gadolinium was performed on
all enrolled patients to evaluate possible disc herniation
recurrence.

AP and lateral radiographs were taken at each follow-
up appointment. Special attention was paid to the pres-
ence of a peripheral hollow during follow-up, and the
mobilization of the inserted anchor. Any changes in the
PushLock implant were analyzed in a series of follow-up
radiographs. The anterior and posterior heights of the af-
fected disc were assessed before and at regular follow-up
times after surgery.

4. Statistical analysis

Nonparametric statistical analysis was used due to the
relatively small sample size. Statistical analyses were
performed using the Mann-Whitney U and Wilcoxon
matched-pair signed-rank tests. SPSS ver. 19.0 (IBM Co.,
Armonk, NY, USA) was used to perform analyses. Statis-
tical significance was defined as a two-tailed p-value of
less than 0.05.

Results
1. Patient characteristics
All patients were available for complete follow-up. There

were 8 men and 11 women, and the mean age was 34.7
years (range, 26-47 years). All patients had a minimum

follow-up duration of three years with a mean follow-
up of 41.2 months (range, 37-46 months). Four patients
experienced traumatic events. All patients underwent
discectomy surgery targeting a single lumbar spine level.
Disc herniation levels in this study were L3-L4 (2 cases),
L4-L5 (11 cases), and L5-S1 (6 cases). The degree of disc
degeneration described by Pfirrmann’s classification is
presented in Table 2.

2. Surgical outcome and recurrence

The mean procedure time was 0.8 hours (range, 0.6-1.0
hours), and mean intraoperative blood loss was 50 mL
(range, 30-60 mL). There were no recurrences of disc
herniation or clinical complications, including neurovas-
cular complications, during the follow-up period. Pain
and functional disability improved significantly after sur-
gery, and the improvement was maintained throughout
the three-year follow-up. Clinical outcomes measured
using the VAS and ODI are summarized in Table 3.

During regular follow-up after surgery, any symptoms
or signs related to recurrent disc herniation were exam-
ined. In addition, at the three-year follow-up, the en-
hanced L-spine MRIs showed no re-herniated disc at the
affected segments. No mobilization or implant peripheral
hollow rim were observed during follow-up. Anterior
and posterior disc heights at the last follow-up were also
maintained, and were comparable to the heights mea-
sured before surgery. Radiologic outcomes, including
disc heights, mobilization, and peripheral hollow rim, are
summarized in Table 4.

Discussion

The incidence of rLDH following LD ranges from 3% to
23% [1,6,8]. Recurrence can lead to physical deteriora-
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Table 2. Patients’ characteristics

AF tear

. LDH Degree of -
BMI Comorbidity level LDH type S disc _ Complication
il Type degeneration
1 Male 37 278 - L4-5 Extrusion 5 Annulotomy Il
2 Female 35 311 - 13-4 Extrusion 5 Annulotomy Il
3 Female 4 28.3 - L4-5 Sequestration 7 Natural 1l
4 Female 35 28.0 - [5-S1 Protrusion 8 Annulotomy |
5 Male 32 23.7 - L4-5 Extrusion 6 Annulotomy I
6 Female 47 26.2 DM L5-S1 Extrusion 5 Annulotomy %
7 Male 42 30.1 - L4-5 Extrusion 6 Natural I
8 Male 26 28.9 - L4-5 Sequestration 6 Natural Il
9 Female 31 27.2 - L34 Extrusion 8 Annulotomy |
10 Female 29 25.7 - L4-5 Sequestration 10 Natural Il
11 Female 35 239 HTN L5-S1 Extrusion 6 Annulotomy I
12 Male 36 29.1 - L4-5 Extrusion 5 Natural Il
13 Female 30 24.3 - L4-5 Extrusion 5 Annulotomy Il
14 Male 31 24.8 - [5-S1 Protrusion 6 Annulotomy Il
15 Female 35 30.6 DM L4-5 Sequestration 9 Natural %
16 Female 34 27.3 - L4-5 Extrusion 7 Annulotomy IV
17 Male 38 28.6 DM [5-S1  Sequestration 12 Natural 1l
18 Female 29 27.4 - L4-5 Extrusion 7 Annulotomy I
19 Male 34 29.7 - L5-S1 Extrusion 8 Natural IV

Degree of disc degeneration was classified by Pfirrmann et al. method. Size of AF tear was measured indirectly by the reference of tip length (10
mm) of 90 degree curette. Type of AF tear was assorted by either natural, which means AF was naturally ruptured without annulotomy, or annu-
lotomy, which was annulotomized by stab incision using surgical knife at the AF.

BMI, body mass index; LDH, lumbar disc herniation; AF, annulus fibrosus; DM, diabetes mellitus; HTN, hypertension.

Table 3. Summarization of clinical outcomes

Parameters of clinical outcome

Preoperative 8.8+1.2 - 73.445.6
Postoperative
Immediate 21407 <0.01 23.1+3.7 <0.01
3mo 1.6+0.3" <0.01 17.1£2.4” <0.01
6 mo 11037 <0.01 10.2+1.9” <0.01
12mo 0.8+0.5” <0.01 10.1£2.3” <0.01
24 mo 0.8:0.5° <0.01 8.3+1.2° <0.01
36 mo 0.6+0.4” <0.01 8.7+1.6” <0.01
VAS, visual analogue scale; ODI, Oswestry disability index.
?p<0.05.
tion, perennial back/leg pain, and neurologic deficits, as health care costs [1,4,5]. Hence, understanding the caus-

well as socioeconomic troubles resulting from substantial ative factors and finding ways to overcome the problem
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Table 4. Summarized data of radiographic outcome
Time Presence of peripheral hollow

Preoperative -

Postoperative
Immediate -
3mo -
6 mo -
1yr -
2yr -
3yr -

Disc height anterior/posterior p-value
3111 0.42
3.0+0.8 0.36
3.1:06 0.23
2.8+1.1 0.09
2.8+1.0 0.08
24+1.3 0.08

Values are presented as mean+standard deviation.

are critical to optimizing surgical outcomes, but efforts to
devise a surgical technique have been rare to date.

To date, numerous reports have demonstrated the risk
factors of recurrence following LD surgery, including
the male gender, young age, the degeneration degree of
the affected disc, traumatic events, and smoking [1-8].
Furthermore, some clinicians suggested that the degree
of annular closure or healing following LD was associ-
ated with recurrence [5,7,8]. Although annular healing
might be related to the disc recurrence after LD, improv-
ing the surgical technique for the closure or healing of
the annular defect has only been discussed. Based on this
knowledge, the authors focused on whether an unhealed
AF might be directly related to recurrence, and how to
improve recurrence from the point of view of the spinal
surgeon. Previous reports have demonstrated that the lo-
cation of the rLDH following LD commonly occurs at the
annulotomized or ruptured AF site [4,6-8]. Considering
this, either the spontaneously ruptured AF site in TLE,
or the AF annulotomy site in SLE, do not naturally heal
in some patients, which has not been widely recognized
[6-8]. This may be related to rLDH following LD. More-
over, repetitive tensile load to the injured AF resultss
in damage to disc tissue, which is expressed as loss of
normalized peak stress and plastic deformation [11,13].
Consequently, several physicians have strongly advocated
the development of novel surgical techniques to prevent
rLDH, and to decrease morbidity and health care costs.
New techniques for AR following LD have been intro-
duced, but have not been thoroughly investigated. This
study showed that AR using the easily available PushLock
implant could provide favorable clinical and radiologi-
cal outcomes with no recurrence, clinical deterioration,

or aggravating radiologic parameters three years after
surgery. Additionally, these results suggest that, if proper
candidates are selected, this technique can be a valuable
adjunct to reduce the incidence of rLDH and optimize
surgical outcomes.

To date, only a few techniques for AR have been report-
ed, including simple suture, crossed suture, and modified
purse-string suture with conventional or newly designed
implants [10,11,13]. However, these techniques proved
to be difficult to apply during real surgery due for several
reasons. First, the surgical field during discectomy was
so confined and deeply-seated that conventional instru-
mentation (i.e., a short and thick apparatus) could not be
utilized properly, especially when a minimal skin incision
was used, as in the present study. Second, the conven-
tional technique required making a knot located over the
AF, which necessarily protruded into the spinal canal.
This could continuously irritate and compress the nerve
root and dura, causing pain similar to that caused by the
preoperative herniated disc. Moreover, the irritation and
compression caused by the knot could be exacerbated
over time. Perineural tissues around the knot could inter-
mingle with the knot through fibrosis formation and ad-
hesion, precipitating an inflammatory cascade that could
cause the mingled knot to enlarge and produce annoying
symptoms requiring further operative interventions.
Third, conventional approaches do not provide sufficient
mechanical strength to withstand intradiscal pressure and
tensile power loaded on the AF during normal and physi-
cal activity, as previously determined [9,10].

Hence, this study evaluated PushLock, which has been
widely used in other orthopedic surgeries, but not in
spinal surgery, for AR following discectomy. There have
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been no previous studies on this application of Push-
lock. Theoretically, the particular features of the implant
are appropriate for AR. First, the implant is a spindle
shape, which is exactly suited to the confined and deeply-
seated surgical field of LD. Second, the implant can be
positioned so that the knot is within the bony surface to
which the AF attaches. Thus, neither knots nor implants
will irritate or compress the dura or nerve root. Third,
this suture system can provide sufficient mechanical
stability against intradiscal pressure and tensile strength
[14-19]. Considering that previous biomechanical stud-
ies have revealed the strain strength of the posterior AF
to be approximately 1 to 3 MPa during normal activity or
exercise, and the implant could bear a pull-out strength
of approximately 3 to 5 MPa after rotator cuff repair, we
hypothesized that knotless sutures with PushLock would
provide sufficient stability to the repaired AF.

It is critical to choose an optimal entry-point for the
PushLock so it is anchored well enough to withstand
pull-out strength. Generally, as seen in the sagittal CT of
the vertebral body of the lumbar spine, the cortical thick-
ness of the posteroinferior or posterosuperior corner of
the vertebral body is more prominent than others, such
as the lower endplate and anterior cortex. Consequently,
this study sought to identify and use the best position for
insertion in all cases. To do this, the implant entry point
should be placed close to the spontaneously ruptured or
AF annulotomy site. In other words, the location of the
rupture is also critical, and this technique might be inap-
plicable in cases where annulus rupture is located near
the middle of the AF, height-wise, instead of at either
end.

As with any study, this has several limitations. First, the
biomechanical strength of PushLock has not been thor-
oughly examined during normal and physical activity. It
is difficult to accurately extrapolate data from the avail-
able literature on the anchor suture tensile or pull-out
strength/strain in AF repair. However, as described above
[14-19], previous biomechanical studies have revealed
that the strain strength of posterior AF is approximately 1
to 3 MPa. Other studied have demonstrated that sutures
with PushLock can withstand a pull-out strength of ap-
proximately 3 to 5 MPa. Based on these results, we hy-
pothesize that the anchor suture could provide sufficient
stability to the repaired AE. A further study to evaluate
the performance strength of the repair site will be under-
taken in the future. Second, the PushLock implant may

not be suitable for patients with severe osteoporosis, de-
generative changes that result in a large osteophyte at the
posterior vertebral body, ossified posterior longitudinal
ligament, or for other reasons. Additionally, as described
previously, if the injured site is located centrally in the AF
height-wise, this technique cannot be utilized. For these
excluded conditions, another new technique or modifica-
tion is needed.

Despite these limitations, this study has important
strengths. This is a rare inquiry into AR with the Push-
Lock implant, a surgical approach that reduces recurrent
herniation following LD. Additionally, a novel applica-
tion of the PushLock system was used to determine its
feasibility for real surgical application in LD, and its role
in advancing the concept of AR. If proper candidates are
selected, this surgical technique can be a valuable op-
tion to reduce the incidence of rLDH while optimizing
surgical outcomes. The ideal candidates for AR using this
technique are (1) young patients with SLE or (2) patients
whose rupture site is near both ends of the AF in the
TLE. However, this technique is not indicated for patients
whose rupture site is at the center of AF, height-wise, or
those who present with severe degenerative/frayed AF
margins. Further study with a larger sample size and lon-
ger follow-up is needed to identify ideal candidates and
criteria.

Conclusions

Additional biomechanical and clinical investigations are
needed. Moreover, after evaluating the implant used in all
patients who underwent lumbar discectomy, comprehen-
sive individual considerations including age, level of rup-
ture site, presence of osteoporosis, and others are needed
to minimize complications. Nevertheless, the present
study demonstrated the feasibility of knotless suture with
the PushLock implant for AR following LD. Thus, we
recommend that the PushLock implant be used as an ad-
junct to LD as a valuable alternative to optimize clinical
results and minimize the recurrence rate if the procedure
is performed in proper candidates.
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