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The presented literature review highlights epidemiological aspects of the unfavorable outcome following surgical treatment of patients 

with herniated lumbar intervertebral discs, the risk factors for hernia recurrence, and the annuloplasty as one of the methods to prevent 

recurrent herniation. The concept of the annuloplasty is based on a number of favorable factors: maintaining the height of the interverte-

bral disc, preventing the hernia recurrence due to the barrier function, reducing lumbodynia due to limited microdiscectomy, and slowing 

down the degenerative cascade both in the intervertebral disc and facet joints. The study material included abstracts from the Scopus and 

PubMed databases, articles published in Spine, European Spine Journal, and in Russian periodicals over the past 10 years, as well as pub-

lications of the previous years, when required.
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Intervertebral disc herniation is the most 
common degenerative disease of the 
lumbosacral spine that causes pain and 
neurological syndromes. Surgical meth-
ods are important in the treatment of 
patients with this pathology. Current-
ly, microdiscectomy has been the most 
commonly performed neurosurgical 
procedure [7]. Despite the advanced 
achievements in vertebrology, the inter-
est of scientists to the surgical treatment 
of lumbar disc herniation does not fade 
out, as seen by continually rising num-
bers of studies, publications, and devel-
opments aimed at improving the out-
comes of surgical treatment [4, 6, 17, 21].

According to Russian and foreign 
authors [37, 38], microsurgical decom-
pressive interventions for lumbar inter-
vertebral disc herniations carry favorable 
outcomes in 80–90 % of cases. However, 
5 to 25 % of patients continue to suffer 
from pain syndrome of different inten-
sity in the lumbar spine or leg pain post-
operatively. Patient satisfaction is only 
75 % one year after surgery and the rate 

of revision surgeries following primary 
microdiscectomy ranges from 9 to 25 % 
[1, 18].

Recurrent lumbar disc herniation is 
one of the main reasons for revision sur-
gery [10, 28, 34, 37]. According to various 
authors, the total rate of recurrent inter-
vertebral disc herniation ranges from 2 
to 27 % [10, 18, 21, 22, 25, 31, 39, 40, 43, 
44]. The literature has a sufficient num-
ber of studies concerning the issue of 
recurrent intervertebral disc herniation; 
however, there is still no common defini-
tion. The most common view appears to 
regard the recurrence of disc herniation 
as the reappearance of radicular pain 
after a pain-free period and the presence 
of ipsilateral and/or contralateral herni-
ated fragment at the operated level on 
MRI/CT [9, 39].

The major risk factors for recurrent 
lumbar intervertebral disc herniation can 
be age, smoking, gender, trauma, body 
mass, the stage of degeneration and 
intervertebral disc height, the segmental 
range of motion, herniation type, etc. [5, 

14, 16, 22, 25, 33]. The following biome-
chanical and radiographic characteristics 
have a significant correlation with a poor 
outcome of microdiscectomy: disc height, 
segment hypermobility, flattening of the 
lumbar lordosis, the protrusion type of 
herniation, Modic type I endplate chang-
es, and grade III of disc degeneration on 
the Pfirrmann grading system [2].

In recent years, researchers have 
taken into account the annular defect 
size and the volume of removed nucle-
us pulposus as a prognostic factor. Car-
ragee et al. [18] reported in a prospec-
tive study of 187 patients with a median 
follow-up of 6 years that the herniation 
type, the size of the annular defect, and 
the volume of removed nucleus pulpo-
sus after discectomy correlated with the 
recurrence rate of herniation. They classi-
fied disc herniations into four categories: 
I – disc extrusion with a minimal (slit-
like) annular defect; II – sequestrated 
herniation with a large annular defect 
(>6 mm); III – disc extrusion with an 
intact annulus fibrosus (iatrogenic slit-
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like defect); IV – disc protrusion with an 
intact annulus fibrosus (iatrogenic large 
defect). In all cases, limited microdiscec-
tomy (sequestrectomy) was performed. 
In type II, the recurrence of disc hernia-
tion and reoperation for reherniation 
were found to be 27 and 21 %, respec-
tively. In type IV herniation, an adverse 
outcome was observed in 38 % of cases 
in form of recurrent disc herniation caus-
ing back/leg pain. The best outcomes 
were observed at type I, with recurrent 
disc herniation being recorded in 1 % of 
cases. In a next study, Carragee et al. [19] 
studied the rate of lumbar disc rehernia-
tion in relation to the size of the annular 
defect and the volume of removed nucle-
us pulposus. It was found that rehernia-
tion and reoperation were observed in 
18 and 10 % of cases, respectively, in the 
limited microdiscectomy group versus 9 
and 7 % of cases in the aggressive (subto-
tal) microdiscectomy group. However, in 
follow-up periods of up to two years, the 
patient satisfaction with the outcomes of 
surgery was higher in the limited micro-
discectomy group.

It is noted that surgeons in practice 
encounter two types of microdiscec-
tomy based on the volume of removed 
nucleus pulposus: aggressive and limited 
(conservative). The aggressive (subtotal) 
microdiscectomy involves the removal of 
the protruded herniated fragment, adja-
cent tissues of the nucleus pulposus, and 
disc curettage, while the limited discec-
tomy (sequestrectomy) involves only the 
removal of the herniated fragment. The 
subtotal microdiscectomy is an effective 
way to reduce the rates of reherniation 
because of the removal of a large vol-
ume of the nucleus pulposus material. 
However, this causes loss of disc height, 
accelerates disc degeneration, reduces 
the ability of a disc to withstand axial 
loads, and increases axial loads on the 
facet joints violating the biomechanics 
of segmental motion and causes the for-
mation of persistent pain syndrome. In a 
prospective cohort study of 108 patients 
undergoing microdiscectomy with a fol-
low-up length of 24 months, McGirt et al. 
[32] revealed a more than 25 % loss of 
disc height in 50 % of patients. To mini-
mize this adverse effect, some surgeons 

employ limited discectomy; however, it 
increases disc herniation recurrence to 
27 % [18, 19, 31, 32, 37, 45].

McGirt et al. [31] conducted a meta-
analysis of 54 studies comprising 13 359 
cases of microdiscectomy (6135, limited 
discectomy; 7224, aggressive discectomy) 
and revealed that the early postoperative 
outcomes were matched, but the follow-
up periods of more than two years were 
characterized by a 2.5-time greater inci-
dence of recurrent pain syndrome in the 
aggressive microdiscectomy group (11.6 
and 27.8 %, respectively; p = 0.0001) and 
a greater incidence of recurrent inter-
vertebral disc herniation in the limited 
microdiscectomy group (7.0 and 3.5 %, 
respectively; p = 0.0001).

In a prospective randomized study, 
Barth et al. [13] evaluated the outcomes 
of surgical treatment of 84 patients with 
disc herniation depending on the extent 
of microdiscectomy. The patients were 
treated with sequestrectomy or subtotal 
microdiscectomy in equal parts. The fol-
low-up period was 24 months. Patients 
treated with limited microdiscectomy 
were reported to carry good clinical out-
comes with less back pain. In addition, 
significant differences in the reherniation 
rates within the two-year period were 
not revealed in this study.

According to different authors, a loss 
of disc height was observed in 49–100 % 
of patients following microdiscectomy, 
which correlates with radiographic signs 
of instability and the severity of clinical 
manifestations in form of pain syndrome. 
Radiographic signs of instability were not 
observed with a loss of disc height by 
less than 25 % of the original values. A 
loss of disc height by more than 25 % 
was coupled with the appearance of low 
back pain, changes in the biomechan-
ics of spinal motion segment, and the 
occurrence of segmental instability [30, 
45]. McGirt et al. [32] revealed a 26 % loss 
of disc height in intraoperative removal 
of 2.0 ± 1.1 cm3 nucleus pulposus mate-
rial, with the area of the annular defect 
of 45.6 mm2. A less than 8 % loss of disc 
height was observed in patients after the 
removal of 1.5 ± 0.6 cm3 nucleus pulpo-
sus. In addition, the likelihood of disc 
reherniation was found to increase in 

patients with a larger area of the annular 
defect and a smaller volume of removed 
nucleus pulposus.

The development of new medical 
technologies, the advancement of sur-
gical techniques, and the introduction 
of minimally invasive procedures for 
removal of intervertebral disc herniations 
have improved the short-term outcomes 
of the operation. But the issue of reherni-
ation remains central. I.A. Drakin et al. [3] 
used non-destructive laser irradiation as 
a prevention method for recurrent disc 
herniation to induce reparative response 
in the annulus fibrosus and posterior lon-
gitudinal ligament in Caspar microsurgi-
cal discectomy. However, the authors did 
not provide the outcomes of applying 
this technique.

Various methods of plastic reconstruc-
tion of the annular defect and restoration 
of the annular integrity after microdis-
cectomy have been offered to prevent 
the recurrence of lumbar intervertebral 
disc herniations. Cauthen et al. perform 
more nuanced studies of this issue, in 
which they conducted annuloplasty 
with autofascia and noted the reduction 
of intervertebral disc reherniation by 2 
times during the follow-up period of up 
to two years [20].

The concept of annuloplasty tech-
nique is based on several favorable fac-
tors: maintaining the disc height, pre-
venting the hernia recurrence due to the 
barrier function, reducing low back pain 
due to limited microdiscectomy, and 
slowing down the degenerative cascade 
both in the intervertebral disc and facet 
joints [36].

Ahlgren et al. [8] examined the clo-
sure of iatrogenic defect of the annulus 
fibrosus using vicryl sutures in an exper-
imental study in sheep. According to 
the study, repair of the annular incision 
showed no advantage in the healing and 
the strength to biomechanical loads over 
the discs left to heal unrepaired.

The importance of restoring the integ-
rity of the annulus fibrosus is apparent. 
In recent years, biodegradable glues for 
annulus fibrosus repair have been stud-
ied actively in experiments in vivo and in 
vitro. Likhitpanichkul et al. [29] described 
criteria for such glues: 1) high adhesion 
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to the fibrous tissue; 2) identical prop-
erties with the annulus fibrosus; 3) bio-
compatibility; 4) longevity of properties 
and structures under mechanical stress; 
5) injection route of administration; 6) 
ease of use during surgery.

Vergoesen et al. [41] tested the 
strength and endurance of the annulus 
fibrosus of a goat intervertebral disc in 
in vivo experiments after annular defect 
closure with biodegradable glue. Defects 
were punctured with a 2.4-mm needle 
(n = 11), unglued discs were used in the 
control group (n = 11). The strength and 
endurance in biomechanical loads in a 
bioreactor with 864 000 load cycles in 
each group, healing of the defect, and 
the fact of herniation in the study region 
were tested. A series of biomechanical 
tests showed the strength and endurance 
of the glued defect. In the control group, 
40 % of discs failed to withstand loading, 
disc herniation occurred, and the disc 
height decreased. The authors concluded 
that biodegradable glues are effective in 
restoration of the annulus fibrosus and 
increase the annulus strength in biome-
chanical loads. However, the clinical use 
requires long-term studies, including in 
vivo.

Wang et al. [42] used soluble gelatin 
sponge, platinum coil, bone cement, and 
tissue glue for defect closure on a por-
cine model after microdiscectomy. Two 
months after the surgery, the area sub-
jected to repair, intradiscal pressure, and 
disc capacity to withstand various loads 
were studied. The gelatin sponge group 
carried the best results. The authors 
emphasize that gelatin sponge could be 
potentially used to prevent recurrent disc 
herniation. 

In an experimental study in vitro, 
Kang et al. [24] performed annular 
defect repair by placing bioscaffold on 
the defect, suture, and further sealing 
with medical cyanoacrylate glue. Under 
laboratory conditions, the experimen-
tal group withstood biomechanical load 
after this type of annuloplasty. Regen-
eration in the defect area was evaluat-
ed using histological sections. No tox-
ic effect on tissues was identified. The 
authors conclude that this technique 
merits further studies, including in vivo.

A range of implants is used in clinical 
practice for annuloplasty, which find a 
growing application.

The Inclose Surgical Mesh System 
(Anulex Technologies Inc., Minnetonka, 
MN) is woven cylindrical flexible mesh 
of biocompatible material, which con-
sists of polyethylene terephthalate. A 3.5-
mm implant having a cylindrical shape 
is implanted under the annulus fibro-
sus in the annular defect using a delivery 
device. The latter is also used to expand 
an implant to the size of a cavity formed 
after the removal of the nucleus pulposus. 
Following insertion, the implant expands, 
acquires a desired form and position 
within the intervertebral space and holds 
the nucleus pulposus surrounded by the 
annulus fibrosus [15]. A disc height at 
disc posterior portions must be at least 
6 mm for adequate implant expansion 
and function. The size of an annular 
defect should be at least 3 mm in width 
and height. The main advantage of this 
implant is its efficacy in the prevention of 
contralateral reherniation due to a large 
closure of the annulus fibrosus along 
the entire length of the posterior half of 
intervertebral disc area [20].

Another implant used in annuloplas-
ty is the Xclose Tissue Repair System. It 
consists of two threads with hooks and 
a disposable delivery device. Bailey et al. 
[11] conducted a prospective multicenter 
single-blind randomized study to evalu-
ate the effectiveness of method for clos-
ing annulus defect using this implant. 
The first group (n = 500) included 
patients who underwent microdiscec-
tomy followed by annular repair using 
the Xclose system, the second group (n 

= 250) included the subjects operated on 
without annular repair system. The out-
comes of treatment (assessment of pain 
syndrome using the VAS scale, Oswes-
try disability index, questionnaire SF-12, 
the fact of the recurrent disc herniation 
and pain syndrome) were assessed 2 
weeks, 6, 12, and 24 months after sur-
gery. Significant differences between the 
groups on scales assessing the clinical 
condition were not observed. The rate 
of disc reherniation requiring reopera-
tion was lower for the Xclose group. In 
3, 6, and 24 months after surgery, recur-

rent disc herniation was noted in 2.4, 4.1, 
and 9.7% for the Xclose patients and 4.5, 
6.2, and 11.2 % for patients in the com-
parison group, respectively. Thus, the rate 
of recurrence was lower in the Xclose 
group, but this difference was not signifi-
cant. The authors conclude that annular 
repair using Xclose reduces the rate of 
recurrent disc herniation. Despite this, 
the patients need further postoperative 
long-term monitoring [17].

A technique of annular repair using 
the Barricaid implant received the great-
est recognition among spine surgeons. 
The product consists of two compo-
nents: a flexible polyester mesh closing 
an annular defect and a titanium fixator 
(anchor), which is attached to one of the 
adjacent vertebral bodies.

Indications for using this implant 
are posterolateral hernia involving L2–
L3, L3–L4, L4–L5, L5–S1 segments, an 
intervertebral disc height in the poste-
rior portions of ≥5 mm, protrusive type 
of herniation, and grades I–III of disc 
degeneration on the Pfirrmann grading 
system. It is not recommended to insert 
this implant in spondylolisthesis, degen-
erative lumbar spinal stenosis, segmen-
tal instability, scoliotic deformity of the 
lumbar spine, recurrent intervertebral 
disc herniation, syndrome of polyradicu-
lar nerve root compression of the cauda 
equina, foraminal and/or extraforaminal 
disc herniation, osteoporosis (T-score 
< -2.0), anomalies, and non-degenerative 
injuries of the lumbar spine [24].

Parker et al. [35] in a prospective com-
parative multicenter study assessed the 
outcomes of annular repair within two 
years. It was revealed that recurrent disc 
herniation did not occur in any patients 
with the annular closure device (ACD) 
and the recurrence of disc herniation 
was found in 6.5 % of cases in the com-
parison group (microdiscectomy alone). 
The authors concluded that the reduc-
tion in the incidence of reherniation was 
associated with potentially significant 
cost savings.

Ledic et al. [26] in a multicenter pro-
spective study investigated the rate of 
recurrent intervertebral disc herniation 
and the change of disc height in the 
postoperative period in 75 patients treat-
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ed with limited microdiscectomy with 
annular defect repair using the annular 
closure device. In a follow-up within two 
years, the recurrence of ipsilateral disc 
herniation was noted in 1 (1.5 %) of 68 
patients. A disc height was at the level 
of no more than 75 % of the preopera-
tive values in 97 % patients 12 months 
after surgery and in 92 % patients in 24 
months.

Lequin et al. [27] conducted a pro-
spective study of 45 patients with a fol-
low-up period of 24 months, who under-
went limited discectomy and annulo-
plasty using the annular closure device. 
The authors found a significant decrease 
in the intensity of pain syndrome and 
improvement in quality of life of the 
patients. An intervertebral disc height 
was on average 92.8 % of the preopera-
tive values in 12 months. Three (6.7 %) 
cases needed reoperation: one case for 
ipsilateral recurrent disc herniation, the 

second case for contralateral recurrent 
disc herniation, and the third patient for 
excessive scar tissue formation.

Barth et al. [12] in a prospective con-
trolled study with a 18 month-follow-up 
noted a statistically significant decrease 
in the rate of recurrent intervertebral 
disc herniation with ACD compared to 
microdiscectomy alone (2.2 and 12.5 %, 
respectively).

Despite the available hypothetical and 
practical positive aspects of the annu-
loplasty technique, studies showing the 
long-term outcomes of its application 
are currently missing. Comparative anal-
yses of the effectiveness of annuloplasty 
with other techniques that reduce the 
rate of recurrent lumbar disc herniation 
are not available. Few studies published 
in literature have a low level of evidence. 
The solution to these issues will be help-
ful for annuloplasty to take a niche with-
in a range of other methods, which are 

aimed at improving the outcomes of sur-
gical treatment of patients with lumbar 
intervertebral disc herniation.

The issue of recurrent disc herniation 
after lumbar microdiscectomy has not 
been resolved. The restoration of integri-
ty of the annulus fibrosus through defect 
closure with preservation of an interver-
tebral disc height and disc biomechani-
cal properties is a promising direction in 
solving the issue related to the improve-
ment of surgical outcomes in patients 
with lumbar disc herniation. The devel-
opment of effective methods and tech-
nologies for the prevention of adverse 
surgical outcomes for lumbar interverte-
bral disc herniations should be the sub-
ject of future high-quality trials.
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