Clinical Neurology and Neurosurgery 185 (2019) 105486

Contents lists available at ScienceDirect

Clinical Neurology and Neurosurgery

journal homepage: www.elsevier.com/locate/clineuro

Surgical management of lumbar disc herniation in children and adolescents = R

Check for
updates

Ashley Laurence Bharat Raghu™“*, Anthony Wiggins”, Jothy Kandasamy*“

@ Oxford Functional Neurosurgery, Nuffield Department of Surgical Sciences, University of Oxford, Oxford, OX3 9DU, United Kingdom

® Department of Clinical Neurosciences, NHS Lothian, Edinburgh, EH4 2XU, United Kingdom

¢ Edinburgh Medical School, University of Edinburgh, Edinburgh, EH16 4TJ, United Kingdom

d Department of Paediatric Clinical Neurosciences, Royal Hospital for Sick Children, NHS Lothian, Edinburgh, EH9 1LF, United Kingdom

ARTICLE INFO ABSTRACT

Keywords: Lumbar disc herniation (LDH) is a rare cause of morbidity in the paediatric population that can result in dis-
Lumbar disc herniation ruption to education and participation in social and athletic activities. Modern minimally invasive techniques
Surgery have increasingly been adopted in paediatric spine surgery. The purpose of this review was to assess char-
Minimally invasive acteristics of paediatric LDH, evaluate current surgical techniques and their outcomes in recent literature, and
ISJ;;irizmc compare paediatric outcomes with adults. A literature search was carried out identifying articles published from
Review 2008 to 2018 relating to surgical treatment of LDH in children and adolescents. Original articles were scrutinised

for outcome data and complications then compared by surgical approach. Over the last decade 1094 surgical
cases have been published, mostly L4/L5 (52%) and L5/S1 (41%) intervertebral discs. These were pre-
dominantly operated with microdiscectomy and minimally invasive techniques: percutaneous endoscopic and
tubular approaches to discectomy. Cystic fibrosis, trauma, extensive athletic activity, facet joint asymmetries and
lumbosacral transition vertebrae may be risk factors for LDH. 55% had total resolution of pain after surgery,
complications are rare and unsatisfactory resolution of pain and re-operation uncommon. In the short and
medium-term, overall, paediatric patients do not have worse surgical outcomes than adult patients; they may
recover faster and improve more. Minimally invasive approaches for LDH in adolescents are safe and efficacious.
No technique has yet demonstrated clear superiority. Delaying surgery for conservative treatment is warranted,

but for how long remains unclear.

1. Introduction

Lumbar disc herniation (LDH) is a rare cause of morbidity in pae-
diatric patients. The pathogenesis is unclear, but trauma, genetics and
dysfunctional biomechanical conditions are likely contributory [1].
Adult LDH is common and typically features dehydrated, degenerative
discs occurring in line with a spinal degenerative process. Disease oc-
curring up to 21 years of age is usually termed ‘adolescent’. The practice
at our institution is to consider herniation presenting below 17 years as
paediatric, at which age the estimated cumulative incidence is 4 in
10,000 [2]. These cases typically feature a well-hydrated disc and are
more commonly associated with ring apophysis avulsion fracture (RAF)
and trauma [3,4]. As such, paediatric LDH cannot be assumed to be the
same disease as in adults, but a related phenomenon with potentially
different natural and clinical histories. At what age there is a relevant
distinction from adult disease is unclear.

Due to the low incidence of paediatric LHD, these patients are
commonly misdiagnosed initially and experience a prolonged length of
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time from onset of symptoms to diagnosis [4]. Before surgery, a trial of
conservative management is widely considered the appropriate initial
management in the absence of neurological compromise.

Surgical approaches have developed since the first reported surgical
treatment of paediatric LDH in 1960 [5]. Open discectomy, widely used
in the 1970s and 1980s, was increasingly replaced by modern micro-
discectomy with the advantages of reduced damage to connective tissue
and improved recovery time. The first paediatric series was published in
1994 [6], and over the last 20 years, more minimally invasive ap-
proaches have been introduced as alternatives, including the use of a
tubular retractor system and percutaneous endoscopic transforaminal
and interlaminar approaches. However, conventional microdiscectomy
is still preferred by many surgeons. Despite a systematic review of the
literature covering 1945-2008 [7], there are continuing questions over
how surgical outcomes compare between paediatrics and adults, and
whether any minimally invasive technique delivers better surgical
outcomes in paediatric patients. Only two endoscopic series were
published at that time.
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In this article, we review the literature published between 2008 and
2018 to assess 1) clinical characteristics of paediatric LDH, 2) outcomes
of different surgical techniques, 3) comparison of paediatric and adult
outcomes, 4) developments in the understanding of paediatric LDH.

2. Methods
2.1. Search strategy

Literature searching was performed on MEDLINE and EMBASE with
MeSH/Emtree terminologies (child, adolescent, pediatrics, inter-
vertebral disc displacement/disk hernia, lumbar disk hernia), along
with synonymic key words and alternative spellings. Journal articles
were limited to publication between 2008 and 2018, and in the English
language. Additional articles were identified from reference lists of
these publications. Articles were deemed relevant by title and abstract.

2.2. Inclusion and exclusion criteria

Original research articles were included that reported surgical
management of LDH in children and/or adolescents (Age < 21 years).
Reports including patients aged both over and under 21 years were
excluded if the results for younger patients were not separable. Reports
of cervical and thoracic discs were excluded, as were conference ab-
stracts and reviews. Mechanistic LDH research that was specifically
paediatric was included. Data duplicated in different articles were
identified and one article arbitrarily selected for inclusion. References
to discectomy without mention of microscopic assistance or minimally
invasive techniques were interpreted as open procedures.

3. Results

The search identified 43 publications of which 8 were non-surgical.
Among the 35 surgical articles there were 5 prospective cohort studies,
3 comparing adolescent to adult surgical outcomes [8-10], and 2
evaluating risk-factors for poor surgical outcomes [11,12]. Three of
these were generated from the same registry (SweSpine) with different
age and time selection criteria [9,11,12]. Including the larger of these
three cohorts, overall the reports comprised 1094 surgical patients aged
1 to 21, with a mean age of 17. Surgical techniques included open
discectomy + /- arthrodesis, posterior lumbar interbody fusion (PLIF)
+/- pedicle screw fixation, transforaminal lumbar interbody fusion
(TLIF), microdiscectomy, tubular discectomy, and percutaneous inter-
laminar and transforaminal endoscopic approaches.

4. Discussion
4.1. Clinical characteristics

It is rare for herniation to occur in children age 12 years or below.
The largest recent series measuring this found 51% of patients 17-18
years of age, 46.5% 13-16 years and 2.5% 12 years or younger [4]. To
our knowledge, there have been only 8 published surgical cases of
children below 10 years old in the last 30 years [13-15,41-44]. Recent
reports have highlighted a link between paediatric LDH and cystic fi-
brosis (see Table 1), which is likely mediated by chronic cough [15,45].

Paediatric LDH is predominantly a L4/L5 and L5/S1 disease (93%),
with other levels and multi-level disease recognised, but uncommon.
L4/L5 disease appears to be more common in paediatrics (n = 1064, 52
vs. 41%) (see Table 2) and L5/S1 disease more common in adults
(n = 3148, 39 vs. 58%) [10]. Patients present with lower back pain
(LBP), sciatica and straight leg raising is a sensitive test (86%). It ap-
pears that this test is more sensitive in young patients [46], contrary to
what might be expected. Older patients have less mobile sciatic nerves
[471, related to peri-dural fibrotic adhesions which are thought to be
important for pain generation on straight leg raising [48]. A large
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minority of patients have motor weakness or compromise of deep
tendon reflexes; frank compromise of autonomic lumbosacral function
is rare. Presentation with painful scoliosis is recognised, where the
herniated disc is typically (87%) the same side as the convexity of the
scoliosis [4,23,26,37]. Surgery is most effective at resolving radicular
pain and motor deficit, but also usually resolves or improves LBP.
Analysis of the Swedish spine register (SweSpine) found lower patient-
reported outcome measures at 1year were predicted by severe pre-
operative pain, disability, and poor mental health [11]. Interestingly
pre-operative duration of leg pain was not associated with lower scores.
These findings are particularly important, regarding confounding, for
the design of future trials to assess superiority of different surgical
approaches.

There were more male than female patients with LDH (3:2). El-
Kader et al. [30] report a series comprising 72% men, which they at-
tribute to employment in agricultural labour. Dividing the publications
into high and low ‘% of employed population in agricultural labour’
[49], there is a major male dominance (72%) and a minor female
dominance (52%) respectively. Manual labour is a plausible mechanism
for adolescent LDH and is implicated in other male dominant series
[50]. It is unclear why recent studies in the US are female predominant,
or if this is significant (see Table 2). It could reflect more avid parti-
cipation in certain activities; some of these authors note a high pro-
portion of competitive athletes (64-67%) [4,35]. A retrospective review
of paediatric patients presenting with symptomatic LBP found athletes
(exercising 5 days or 20 h or more a week) were more likely to have
spondylosis with or without a slip (32 vs. 2%) [51]. Young athletes, for
example child and adolescent weightlifters and tennis players, have
spondylosis and disc disease far in excess of population prevalence
[52-54]. It is difficult to establish whether trauma or athletic activity is
implicated in an individual presentation of LDH. It may be obvious, for
example following a cheerleading stunt [55] or somersault [18], but
there may be a question over plausibility of the mechanism and the
timing with onset of symptoms [13]. Nevertheless, many authors report
a history of trauma in their patients (33-100%) [25,31,35,40]. Differ-
ences in sex ratios between publications may represent cultural and
lifestyle differences between regions, relevant for exposure to trauma
and lumbosacral stress. The relationship between childhood obesity and
paediatric LDH remains unclear, although obesity is strongly associated
with paediatric disc degeneration.

4.2. Surgical technique

Reports of open discectomy were uncommon over the last decade.
Dang et al. [32] retrospectively examined whether arthrodesis resulted
in improved outcomes relative to discectomy alone; outcomes were not
different between groups at a mean follow-up of 39.1 months. The
study indications for arthrodesis imply these populations are different,
but equally these indications may be irrelevant to outcomes. Compar-
ison with the Norwegian spine registry (NORspine) fails to show any
superiority of microdiscectomy over open discectomy by the same
outcome metrics (see Table 4). Kwon et al. [28] report a PLIF series
with or without pedicle screw fixation as well as one minimally invasive
TLIF case. Pain following surgery decreased from 7.7 = 1.4 to
2.3 = 1.0 on a visual analogue scale (VAS). The indications for fusion
in this study were ostensibly the same as investigated by Dang et al.
[32] suggesting that fusion may have been an unnecessarily extensive
approach in these patients.

Minimally invasive techniques are an attractive alternative to mi-
crodiscectomy with a view to improving management of paediatric LDH
patients. For example, over the last decade the efficacy and safety of the
tubular approach has been demonstrated in four series with 136 pa-
tients [27,29,35,39]. For most patients, the best surgical outcome is to
have no pain; an excellent Macnab score denotes this. Due to its sim-
plicity, the score can be estimated in most studies which do not record it
explicitly. Such a comparison between surgical techniques fails to
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Table 1
Surgical LDH case reports .
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Year Authors Age Sex Features Surgical outcome
2008 Benifla et al. [13] 1year M Youngest ever reported Resolution
2011 Cahill et al. [14] 18 months F Following a fall Resolution
2014 Alexiou et al. [15] 8 years M Cystic fibrosis Resolution
2010 Jiang and Jiang [16] 12 years M Extreme lateral herniation Resolution
2011 Chang et al. [17] 12 years M Cauda equina syndrome Resolution
2015 Yuceer and Arda [18] 12 years F Somersault Resolution
2016 Farrokhi et al. [19] 13 years M Ring apophysis fracture Resolution
14 years M Ring apophysis fracture Resolution
2017 Kadam et al. [20] 15 years M Ring apophysis fracture (fall) Resolution
2013 Fridley et al. [21] 16 years F US-guided epidural blood patch Resolution
17 years F US-guided epidural blood patch Resolution
2015 Grudkova et al. [22] 17 years F Femoral head osteoid osteoma No improvement (hip pain)
2012 Hsu et al. [23] 14 years M Painful scoliosis Resolution
14 years M Painful scoliosis Resolution
16 years F Painful scoliosis Resolution
21 years M Painful scoliosis Resolution

* Reports of 4 paediatric cases or less.

robustly support the superiority of any particular surgical technique
(see Table 3). This comparison may be limited by varying follow-up
times, but in our experience if total pain relief is achieved it is usually
within days of treatment.

There was inconsistency between authors on Macnab outcomes for
percutaneous endoscopic discectomy (PED) procedures. Prior to 2008
46 of 50 published PED procedures in adolescents were reported by Lee
et al. [56] and only 22% achieved excellent Macnab criteria. Since 2008
this has ranged from 43 to 83%. This discrepancy in outcomes is less
apparent with other outcome criteria (see Table 4). Among those where
the specific PED approach was specified, transforaminal procedures
were carried out in 70 patients, and interlaminar procedures in a fur-
ther 96 patients [31,34,39]. Surgical outcomes overall for both ap-
proaches were similar, although Macnab outcomes appeared to be
better for the interlaminar approach (see Tables 3 and 5).

Fakouri et al. [25] report a microdiscectomy series of 6 patients
where they used the Japanese Orthopaedic Association (JOA) score for
LBP to measure outcomes. They showed a median improvement from 4
to 8 at 13 months mean follow-up. 33% scored 9 (no symptoms),
however they also report that 100% had their pain disappear by last
follow-up and none were taking pain medication. 77 microdiscectomy
patients from a multicenter Norwegian registry study reported Os-
westry Disability Index (ODI) scores which were similar to results from
PED (see Table 4) [10]. The majority of recent publications report en-
doscopic approaches and there is a need for more modern outcome data
of microdiscectomy, and research designed specifically to establish the
place of microdiscectomy alongside minimally invasive techniques.
Comparing tubular to PED, a retrospective study found no difference in
ODI or leg pain at final follow-up [39]. PED, however, resulted in a
greater decrease in LBP at final follow-up and a faster improvement in

Table 2

Patient and clinical characteristics of surgically managed paediatric LDH cases 2008-2018.
Authors Country No. L4/L5 L5/S1 Other M F Motor SLR -(FNS) DTR B-B Sx
Case reports Mixed 16 8 3 13 3 4 12 3 1 o, M
2008 Chang et al. [24] Taiwan 32 20 10 2 - - - - - o
2009 Fakouri et al. [25] UK 6 4 2 0 2 2 - 0 M
2009 Cahill et al. [4] Us 87 39 31 17 35 52 22 81 19 2 M
2011 Zhu et al. [26] China 26 14 6 6 18 8 4 18 - 0 M
2011 Thomas et al. [27] Us 6 3 0 2 2 6 0 T
2011 Celik et al. [8] Turkey 32 16 16 0 14 18 - - - M
2013 Kwon et al. [28] S.Korea 18 13 3 16 2 - - - - PLIF, TLIF
2013 Singhal et al. [3] Canada 30 - - - - - - - - - M
2013 Wang et al. [29] China 121 61 42 18 95 26 69 109 40 0 O, T, E
2014 El-Kader et al. [30] Egypt 25 14 8 3 18 7 2 - - 0 O, M, E
2014 Wang et al. [31] China 29 9 20 0 21 8 13 18 - 0 E
2015 Dang et al. [32] China 63 37 26 0 37 26 - - - - O =*A
2015 Ligerback et al. [9] Sweden a) 151 70 72 9 75 76 - - - - o, M
2016 Stromgqvist et al. [12] Sweden b) 74 38 36 2 31 43 - - - - o, M
2016 Stromgqvist et al. [11] Sweden c¢) 180 94 84 2 89 91 - - - - o, M
2016 Sarma et al. [33] India 28 18 4 6 16 26 - 2 (0]
2016 Zheng et al. [34] China 12 5 4 3 5 12 4, (8) 8 0 E
2017 Montejo et al. [35] us 12 3 9 0 5 7 8 10 - 0 T
2017 Gulati et al. [10] Norway 97 55 39 3 49 48 - - - - M
2017 Zhang et al. [36] China 80 44 36 0 62 18 - - - - -
2018 Tu et al. [37] China 74 51 22 1 55 19 - - - - E
2018 Xu et al. [38] China 23 0 23 0 13 10 14 18 - 0 E
2018 Li et al. [39] China 78 40 30 8 50 28 - - - T, E
2018 Chen et al. [40] China 19 7 12 0 17 2 5 19 0 E
TOTALY 1094 555 434 75 620 384 173 335 75 5
% 52 41 7 62 38 43 88 31 1

Other = other level or multilevel, SLR = straight leg raising test, FNS = femoral nerve stretch test, DTR = deep tendon reflex, B-B = bladder or bowel symptoms,
Sx = surgery, O = open, M = microdiscectomy, T = tubular, E = endoscopic, A = arthrodesis, P/TLIF = posterior/transforaminal interbody fusion.
* All derived from SweSpine. a) <18, b) <17, ¢) <20 years old. 7Only including [11] from SweSpine.
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Table 3
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Comparison of surgical techniques by Macnab outcomes and post-operative length of stay.

Authors Surgical technique (patients)

Post-operative length of stay

Mean follow-up (months) Macnab excellent %

2009 Fakouri et al. [25]
2009 Cahill et al. [4]
2011 Thomas et al. [27]
2013 Wang et al. [29]

Microdiscectomy (6)
Microdiscectomy (87)
Tubular (6)

Open (16)

Tubular (80)
Endoscopic (25)
Microdiscectomy (30) -
Endoscopic (29)
Endoscopic (12)
Tubular (12)
Endoscopic (42)
Endoscopic (23) -
Tubular (38)
Endoscopic (40)
Endoscopic (20) -

2013 Singhal et al. [3]
2014 Wang et al. [31]
2016 Zheng et al. [34]
2017 Montejo et al. [35]
2018 Tu et al. [37]
2018 Xu et al. [38]
2018 Li et al. [39]

2018 Chen et al. [40]
AVERAGE

Mean 1.3 days
Mean 1.3 days
Mean 10.6 days

Within 24 hours
Same day
Median 1 day

Mean 4.8 days
Mean 3.8 days

Mean 7.3 days
Mean 4.4 days

Within 2 days 13 =50 (estimated)
12.5 -
10.2 >50 (estimated)
At discharge 48
- 68
19.7 83
Minimum of 12 50
24.6 64
39.0 43
19.7 78
67.1 -
68.9 -
41.7 53
55

leg pain and ODI.

The tubular approach does not appear to allow patients to return
home earlier than with microdiscectomy, although with PED they may
do. Li et al. [39] and Wang et al. [29] found most of their tubular and
PED patients went home more than 72h after surgery, many much
longer. However, other authors report all their patients leaving hospital
in under 24h when managed with PED (see Table 3). Clearly this is
beneficial in terms of hospital economy and exposure to nosocomial
risk, but has not obviously translated to a reduction in complications.
Post-operative stay is highly dependent on patient preparation, and
adult microdiscectomy cases commonly go home the same day. Pae-
diatric microdiscectomy may also have the potential to mostly be a day-
case procedure.

Peri-operative and post-operative complications with micro-
discectomy are rare (1.0%, 2.6%, n = 192) [4,10,13,14,25]. There is no
conclusive difference in the complication rates between the surgical
techniques (see Table 5), although variability in reporting makes
quantitative comparison challenging. Rates of deep and superficial in-
fection in paediatric degenerative spine surgery are low (< 1%), and
minimally invasive techniques are clearly associated with lower rates of
infection than open surgery [57].

4.3. Paediatric vs. Adult outcomes

At 1-2 years following surgical treatment of LDH, 4.5-14% of
adolescent patients are unsatisfied with the surgical outcome [9,11].
The comparative surgical success of paediatric and adult LDH patients
continues to be unresolved. Two prospective observational registry-
based studies from Scandanavia (SweSpine, NORspine) have found

found that a greater proportion of adolescents (12-18 years) had sig-
nificantly decreased leg and back pain after surgery at 1 or 2-year
follow-up (mean = 1.7 years) compared to adults. Although the dis-
cectomy techniques were unspecified the registry is known to include a
mix of open and microdiscectomy. The Norwegian study included mi-
crodiscectomy cases only and found no difference in ODI, leg or back
pain between adolescents (13-19 years) and adults at 1-year follow-up.
In addition, a smaller prospective Turkish microdiscectomy study found
greater short and long-term improvement in pain for adolescents (<18
years) [8]. The adult group also demonstrated higher reherniation rates
and post-operative peri-dural fibrotic change. As such, the notion that
adolescents do poorer with microdiscectomy than adults is un-
substantiated by the literature. Regarding the PED approach, a Chinese
study with 3-5 years follow-up found adolescents (13-18 years) im-
proved faster after surgery and overall did better than adults measured
by both JOA score and severity of persisting leg pain [40].

The standard adult trial of conservative management is 6-12 weeks
before proceeding to surgery [58]. Fakouri et al. [25] emulated this in
adolescents (mean = 10.5 weeks) and propose that this period should
be brief given the safety and efficacy of the modern surgical approaches
as well as the disruption to the patient’s life. These patients are at an
age of crucial social, athletic and educational development, and lumbar
disc herniation can result in disengagement from these activities and
impact on them claiming their potential. Numerous authors have
highlighted the importance of conservative management prior to LDH
surgery. While some surgeons believe that the majority of such cases
are satisfactorily resolved with conservative management [4], pub-
lished long-term success rates vary between 25-50% [59-61]. There are
contradictory results concerning the superiority of surgery to con-

. K servative treatment in long-term outcomes [60,61]. However
contradictory results [9,10]. The Swedish study, the larger of the two, & ’ ’
Table 4
Comparison of surgical approaches to discectomy by pre- and post-operative outcome metrics.

Leg-VAS Back-VAS ODI JOA

Authors Surgical technique (No. of patients) Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op
Dang et al. [32] Open (36) 6.3 1.1 4.3 1.8 39.2 7.9 - -

Open + arthrodesis (27) 5.5 1.4 4.6 2.0 41.5 12.1 - -
Gulati et al. [10]  Microdiscectomy (77) 6.4 1.3 5.5 2.0 33.7 8.3 - -
Li et al. [39] Tubular (38) 62 +25 07=*11 4735 19+*15 722+ 261 8.0 + 838 - -

Transforaminal PED (40) 63 23 0612 48 *29 07 =09 630 =*222 68+ 131 - -
Wang et al. [31] Interlaminar PED (29) 85+08 0505 51+15 05=+06 46.0* 105 53 * 33 - -
Tu et al. [37] Interlaminar PED (42) 7.0 £ 1.5 1.4 =10 37 =17 1.2 £10 739 = 11.8 15.2 £+ 53 - -
Xu et al. [38] Interlaminar PED (23) 62 +13 12 =*06 - - - - 125 + 3.8 276 = 1.3
Zheng et al. [34] Transforaminal PED (12) 86 16 21 =04 - - - - - -
Chen et al. [40] Transforaminal (18) + interlaminar (2) 6.8 0.1 2.9 0.3 - - 13.4 28

VAS = visual analogue scale, ODI = Oswestry disability index, JOA = Japanese Orthopaedic Association score.



A.L.B. Raghu, et al.

Table 5
Complications of intervertebral disc surgery.
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Authors No. Peri- and post-operative complications Long-term complications Unsatisfactory outcomes
Mixed
Under 10 years old [13,14,15] 3 None reported None reported None reported
Wang et al. [29] 121 1 dysaesthesia 2 recurrence 3 Macnab poor score
1 CSF leak
1 haematoma elimination
Stromgyvist et al. [11] 180 1 ganglion injury - 8 unsatisfied with surgery
6 durotomy
Li et al. [39] 78 1 recurrent herniation 2 same level operation -
El-Kader et al. [30] 25 1 infection None reported 3 persistent pain
2 CSF leaks
Open
Dang et al. [32] 63 - 2 recurrence -
P/TLIF
Kwon et al. [28] 18 None reported 1 revision adjacent level
Microdiscectomy
Fakouri et al. [25] 6 None reported None reported 1 persistent numbness
Cahill et al. [4] 87 1 infection + CSF leak + meningitis 4 same level operation -
3 CSF leak 1 adjacent level operation
1 transient neurological deficit 1 L3-sacral fusion
1 residual disc reoperation
Gulati et al. [10] 97 1 micturition problem - -
Tubular
Thomas et al. [27] None reported None reported None reported
Montejo et al. [35] 12 None reported 1 same level operation 1 no improvement
Endoscopic
Wang et al. [31] 29 1 neurological deficit None reported 2 Macnab fair scores
2 transient worsening of pain
Zheng et al. [34] 12 1 neurological deficit None reported 1 persistent numbness
1 ganglion injury 1 Macnab fair score
Tu et al. [37] 74 1 durotomy 2 recurrence 2 Macnab fair
2 dysesthesias 1 Macnab poor score
Xu et al. [38] 23 2 leg numbness 1 same level operation 3 Macnab fair scores
Chen et al. [40] 19 1 same level operation None reported None reported

Post-operative: less than 3 months, long-term: continuing beyond or occurring at more than 3 months.

consensus opinion is that paediatric discs respond less well to con-
servative management than adults [7]. In adults non-contained her-
niation responds better to conservative management than contained
herniation [62]. Predominance of contained herniation could partly
explain poorer response to conservative management in adolescents
[37,4]1.

Receiving spinal surgery at such a young age raises important
concerns regarding the prognosis for these patients decades in the fu-
ture. Prior to the practice of microdiscectomy and minimally invasive
surgery, at 20-years follow-up from discectomy about 25% of patients
had undergone another discectomy, with 5% also undergoing ar-
throdesis [63]. For modern spinal surgery such data are unavailable, as
are the likelihoods for having lower back pain, disc herniation and
surgery even later in life. Importantly, it is unknown whether adoles-
cents with disc herniation increase their risk for having spinal surgery
decades in the future by opting for surgical intervention rather than
conservative management.

4.4. Clinical mechanistic research

TNF-a has previously been implicated in the production of radicular
pain in adults [64-67], where the pain can be thought of as a function
of nerve compression and TNF-a mediated inflammation. Evidence of
this has now been demonstrated in adolescents, through finding more
TNF-a immunoreactive cells of the nucleus pulposus in painful LDH
than non-painful scoliosis specimen controls [68]. Some success has
been reported with epidural steroid injections in conservative treatment
[69]. This lends theoretical support to that strategy, and may well be an
important avenue of conservative treatment in adolescents. This is a
safe intervention in paediatrics, and as many as 58% of patients man-
aged this way do not progress to surgery [70]. The true benefit of
steroid injections, however, and the comparative pain/disability

outcomes of conservatively vs. surgically managed patients are not well
defined.

RAF can be found in association with LDH and is best identified by
CT [1,24]. It is unknown whether RAF is a cause or consequence of
LDH; conceivably it could both reduce the integrity of the intervertebral
space and be the result of trauma [71]. Chang et al. [24] found RAF in
28% of cases (34% of males, 14% of females), in comparison with 5% in
adult reports [72]. The rate of surgery was higher in RAF cases, and
among conservatively managed patients those with large apophyseal
fragments had a higher rate of chronic back pain at follow-up. Singhal
et al. [3] found RAF in 38% of paediatric cases (55% of males, 20% of
females). Prior to ring apophyseal fusion at around 17 years of age,
osteocartilaginous junctions represent structural weak points. The male
skeleton has a longer period of immaturity, which may explain the male
RAF proclivity. Emergence of the ring apophysis ossification centre is
later in males, and most cases of greatly delayed ossification could
conceivably be male [73]. History of trauma is common in paediatric
LDH series (15-56%) [3,31,35,40,74]. Although trauma is an obvious
mechanism for fracture, Singhal et al. [3] did not find RAF associated
with history of trauma. Central disc herniation was associated with
RAF, indicating RAF might promote herniation specifically at this or-
ientation. Alternatively, central herniation could be a critical disc or-
ientation for causing RAF, through intervertebral ligaments inserting on
the apophysis experiencing particularly high tension, generating
shearing forces and apophyseal fracture [3].

Spinal anatomic variants are associated with paediatric LDH
[35,63,75,76]. Lumbosacral transitional vertebra are present in up to
30% of cases, relative to 8% in controls. Sacralisation and lumbarisa-
tion may specifically dispose to L4/L5 and L5/S1 herniation respec-
tively [32,36]. Likewise, spino-pelvic radiographic parameters are as-
sociated with paediatric LDH: decreased pelvic incidence, sacral slope,
lumbar lordosis, and increased pelvic tilt [77]. Although these may well
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be a consequence of LDH, and not predisposing to it. Dang et al. [32]
reason that biomechanical stability of lumbosacral segment is related to
paediatric LDH, and relies on appropriate function of the iliolumbar
ligament. Investigating insertion points of the ligament, long L5 trans-
verse processes and abnormally high or low iliac crests were associated
with LDH. Furthermore, the associated level of disc herniation was
concordant with biomechanical predictions of instability resulting from
the anatomical variant. In all, 95% of patients had such an abnormality
and/or a transition vertebra. These findings suggest that some patients
are anatomically predisposed to herniation, and that risk is focused at a
specific vertebral level.

Intervertebral facet joints carry a component of the vertical spinal
load, and anatomic variants have the potential to jeopardise bio-
mechanical stability of the lumbosacral segment [78]. Facet joint
asymmetry is a recognised radiographic feature of LDH, and is 5-times
more common in paediatric LDH than in adult LDH [79]. Wang et al.
[80,81] investigated facet angle asymmetry at the herniated disc level
and facet angle progression in sequential lumbar segments (L3-S1).
There was significantly more facet abnormality in both forms compared
to ‘non-herniated’ controls. However, the control group was an adult
sample, so the findings should be treated with some caution. Although
these findings support the notion that lumbosacral facet joint asym-
metries are a particular feature of paediatric LDH, they do not help
resolve whether abnormal facet anatomy is a predisposing factor to
LDH, or conversely, if it is caused by the LDH.

5. Conclusion

LDH can occur at any age but is very rare in patients younger than
12 years old. In contrast to adult disease, L4/L5 disc herniation is more
common than L5/S1 herniation in children and adolescents. Activities
involving lumbosacral stress likely promote paediatric LDH, be it
manual labour, sport or dancing. Lumbosacral anatomical variants,
including transition vertebrae, also likely increase risk.

The literature does not support the notion that surgical outcomes
are worse in adolescents than in adults; they are either equivalent or
better. Endoscopic, tubular access, and classic microdiscectomy have all
been shown to be safe and efficacious techniques. There may be
minimal superiority of outcome with PED over the tubular approach in
management of paediatric LDH. Current evidence has failed to de-
monstrate superiority of minimally invasive techniques over micro-
discectomy. Future publications would benefit from recording Macnab
criteria, pre- and post-operative ODI and back/leg VAS for best com-
parability to pre-existing literature.
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