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ABSTRACT

Background Lumbar disc hemiation has a prevalence
of up to 58% in the athletic population. Lumbar
discectomy is a common surgical procedure to alleviate
pain and disability in athletes. We systematically
reviewed the current clinical evidence regarding athlete
return to sport (RTS) following lumbar discectomy
compared to conservative treatment.

Methods A computer-assisted literature search of
MEDLINE, CINAHL, Web of Science, PEDro, OVID and
PubMed databases (from inception to August 2015) was
utilised using keywords related to lumbar disc herniation
and surgery. The design of this systematic review was
developed using the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Methodological quality of individual
studies was assessed using the Downs and Black scale
(0-16 points).

Results The search strategy revealed 14 articles. Downs
and Black quality scores were generally low with no
articles in this review earning a high-quality rating, only
5 articles earning a moderate quality rating and 9 of the
14 articles earning a low-quality rating. The pooled RTS
for surgical intervention of all included studies was 81%
(95% Cl 76% to 86%) with significant heterogeneity
(17=63.4%, p<0.001) although pooled estimates report
only 59% RTS at same level. Pooled analysis showed no
difference in RTS rate between surgical (84% (95% Cl
77% to 90%)) and conservative intervention (76%
(95% Cl 56% to 92%); p=0.33).

Conclusions Studies comparing surgical versus
conservative treatment found no significant difference
between groups regarding RTS. Not all athletes that RTS
return at the level of participation they performed at
prior to surgery. Owing to the heterogeneity and low
methodological quality of included studies, rates of RTS
cannot be accurately determined.

INTRODUCTION

Low back pain (LBP) is relatively common in com-
petitive athletics and the persistence of LBP may
threaten an athlete’s career. This has never been
more relevant than the saga of Tiger Woods golf
game being affected by LBP' and his subsequent
surgery. Although the cause of the LBP may be clin-
ically undeterminable, lumbar disc herniation
(LDH) has a reported prevalence of up to 58% in
the athletic population.’™ Lumbar spine disc
injury/degeneration is more common in the elite
athlete than the general population.” > However,

it remains unclear whether lumbar disc injury/
degeneration correlates with a higher rate of
LBR® 7 or even pathology.””” Lumbar spine injuries
are suggested to be more common in certain sports
such as ice hockey and weight lifters,® ° but can
occur in any sport. Drei singer and Nelson'® report
the incidence of LBP can vary from 1.1% to 30%,
depending on the sport.

Open discectomy initially was the standard surgi-
cal procedure for both athletes and non-athletes
with LDH, although technological advances have
afforded microdiscectomy as a more recently effect-
ive treatment for LDH."" ' Most current studies
demonstrate a high risk of bias, and hence, there is
moderate-to-low quality evidence supporting such
claims.'? An overview of large systematic reviews
suggests surgical discectomy and conservative
approaches have similar, moderate effects. There is
no support for surgical discectomy treatment being
superior to conservative treatment for LDH with
sciatica.’® Return to sport (RTS) was claimed to be
more likely and faster for microdiscectomy surgery
versus an open procedure in 1999.'* Quality of life
instruments, such as the Oswestry Disability Index
and the Short Form-36 (SF-36), indicate slightly
greater self-rated improvement in the patients
undergoing open lumbar discectomy versus conser-
vative treatment, although return to work status
was no different between groups at 24 months after
respective  interventions.”>  Additionally, these
numbers are based on ‘potentially confounding’
self-reported outcomes.'> The athletic population
requires distinctive criteria such as successful RTS
rate, career longevity and performance-based out-
comes. Therefore, we systematically reviewed the
current clinical evidence regarding athlete RTS fol-
lowing lumbar discectomy (both open and micro-
discectomy), as well as surgical versus conservative
intervention for RTS.

METHODS

Study design

We followed the guidelines of the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). '

Search strategy

Identification of studies

A systematic search of electronic databases was per-
formed encompassing the MEDLINE, CINAHL,
Web of Science, PEDro, OVID and PubMed data-
bases. The following search terms alone and in
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combinations ~ were  used: ‘surgery’,  ‘postoperative’,
‘return-to-play’, ‘return-to-sport’, ‘return to play’, ‘return to
sport’, ‘return to’, ‘reentry’, ‘back injuries’, ‘lumbar’, ‘lumbosa-
cral region’, ‘low back’, ‘lower back’, ‘lower vertebrae’, ‘low
spine’, ‘lumbar spine’, ‘erector spinalis’, ‘multifidus’, ‘L1, ‘L.2°,
L3, L4, LS, ‘sport’, ‘athlete’, ‘athletic’. A detailed search
strategy for the MEDLINE database can be found in online sup-
plementary appendix 1. Search terms were mapped to relevant
MeSH terms or subject headings where possible. Additionally,
the reference lists of all selected publications were screened to
retrieve relevant publications (eg, peer reviewed publications,
dissertations, conference proceedings) that were not identified
in the electronic database search. The search was concluded on
21 August 2015.

Full-text retrospective and prospective trials published in
English language and peer-reviewed journals were considered.
We included athletes (professional or amateur) with LDH who
underwent microdiscectomy, percutaneous discectomy, percu-
taneous nucleotomy or open discectomy. Each study included
the RTS criteria as well as the rate of RTS. Inclusion criteria did
not contain an assessment of if the athlete presented with or
without radiculopathy. The excluded articles were those that
investigated other types of surgery for LDH such as lumbar
fusion, non-English articles/abstracts and those that lacked RTS
information.

Selection of studies

The selection of studies was a three-stage process, with the iden-
tified citations independently evaluated for inclusion by two
reviewers (JKL and MPR). The first stage was evaluation of
titles selected with systematic searches described above. The
article was included in this first screen if the title identified ath-
letes and/or lumbar discectomy. We then reviewed the abstracts
of all articles identified as meeting the search criteria. Full-text
articles meeting criteria were retrieved and read independently
by both reviewers and assessed for inclusion in the study.
Figure 1 depicts the study selection. Disagreement was resolved
by consensus between the two reviewers and a third reviewer
(JS) if consensus could not be reached.

Quality assessment of studies

Two reviewers (JKL and MPR) independently conducted meth-
odological quality assessment on each included article using the
modified Downs and Black scale, which is appropriate for
cohort and case—control study designs. The Downs and Black
scale is reliable!” and the modified version used in this study
had a maximum score of 16.%72° The methodological quality
of each article was stratified, as in previous reviews,'? 2% with a
total score >12 deemed to be high quality, 10 or 11 to be mod-
erate quality and low quality if the score was <9. Disagreements
in initial ratings of methodological quality assessment were dis-
cussed between the two reviewers (JKL and MPR).

The studies were reported on subgroup analyses based on sur-
gical treatment comparison: surgical treatment only (athletes vs
matched non-athletes), surgical treatment only (athletes vs
manual labourers), surgical treatment only (athletes), surgical
versus conservative treatment (athletes), surgical treatment
versus control group (matched asymptomatic athletes without
intervention). Each article was graded for level of evidence.*!

Data extraction

A single reviewer (JS) initially extracted all data. Data extraction
was verified by a second reviewer (MPR). Data extracted
included characteristics of the study participants (number of

athletes, number of comparators, gender, age, competition level,
sport activityy, LDH diagnosis criteria), the description of
surgery for LDH (surgical technique) and outcomes (rate of
RTS, rate of RTS at same level, time to RTS, sports perform-
ance, health and imaging postsurgical outcomes).

Statistical analysis

Percentage agreement and Cohen « statistics were calculated to
provide absolute agreement between raters. x> analysis was used
to perform within group comparison (comparator) differences
in RTS for all studies. A pooled RTS proportion and 95% CI
was performed of all included studies and sub grouped by those
studies comparing surgery to conservative treatment. Der
Simonian and Laird** random effect models with inverse vari-
ance weighting was used for all analyses. A Freeman and
Tukey?** Double Arcsine Transformation was used to stabilise the
variances prior to pooling. To determine if a differences across
surgical versus conservative treatments groups existed a test of
homogeneity of proportions was used with a p<0.05 indicating
significant  differences. Heterogeneity was assessed with
Cochrane’s Q and I> with high heterogeneity indicated by a Q
p value<0.10 and I?>50%. All analyses were performed in
STATA 14.0 (College Station, TX).

RESULTS

Selection of studies

A total of 260 titles were identified through database and refer-
ence searches. Thirty-eight abstracts were then assessed for eligi-
bility for inclusion, resulting in 15 appropriate studies. After
further review of full-text one article was eliminated due to
being a literature review,”* resulting in 14 studies'* *737
(n=964) including surgical, conservative and control group ath-
letes). Figure 1 shows the process of study selection and the
number of studies excluded at each stage, with reasons for
exclusion. Within these 14 articles, all athletes had LBE which
was attributed to LDH in each study. The inter-rater reliability
(Cohen’s k=0.86) proved almost perfect agreement regarding
the application of the selection criteria between reviewers.

Quality assessment of studies

All 14 studies were retrospective, level 3b or 4 studies.”! Two
reviewers (JKL and MPR) initially disagreed on 14% of the items
of the 14 included studies (29 of 210 items). Consensus agree-
ment was reached on quality scoring after discussion and consult-
ation with third reviewer (JS). The methodological scores ranged
from 3 to 11 out of a maximum possible score of 16, with the
average score being 8 (table 1). None of the included studies
were of high quality, five were of moderate quality and nine were
of low study quality. Sample size calculation to determine
sufficient study power was calculated in only two studies.”® 2
Only one study’? reported blinding of assessors with respect to
measuring outcomes of the interventions (item 8).

Characteristics of included studies

All 14 studies evaluated RTS in a total of 964 (operative and
non-operative) athletes with LBP attributed to LDH. The types
of discectomy performed in the studies included both open and
microdiscectomy. In the studies that reported sex (n=13),'* 2737
male participants numbered 857 (98.8% of the total sample).
Among these, one study®® did not report the gender breakdown
between the surgical groupings, while another study did not
report what gender dropped out.?® Athletes’ age ranged from 14
to 47 years (mean 18.6 to 36.2 years). Sports in the sample
included professional athletes from the National Basketball
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Figure 1
inclusion.

Flow diagram for study

Included Lligibility} [ Screening ] [Eentification]

Association (NBA), National Football League (NFL), Major
League Baseball (MLB), National Hockey League (NHL) and
amateur athletes in the sports of badminton, ballet, baseball, bas-
ketball, boxing, cycling, diving, fencing, football, gymnastics,
hockey, judo, karate, Olympic skiing, Olympic swimming,
Olympic water polo, rugby, soccer, swimming, tennis, track and
field, volleyball and wrestling. Three of the included
studies™® 2% ** did not include professional or Olympic athletes.
Subgrouping of the included studies (based on surgical treatment

260 titles/abstracts identified
through MEDLINE (51),
CINAHL (22), Web of
Science (37), PEDro/OVID
(150)

0 titles/abstracts identified
through hand search

260 titles included for screening

A\ 4

222 titles rejected because each
did not reflect appropriate
diagnosis or intervention.

260 titles screened

A\ 4

38 abstracts screened R

23 abstracts rejected for design
(case study, case series...);
patient type, intervention

v
15 full text articles
screened

1 article rejected because design
was a literature review

A 4

v
14 studies included in the
qualitative analysis

comparison) revealed one study examining surgical treatment
only with athletes versus matched non-athletes,** one study
investigating surgical treatment only with athletes versus manual
labourers,** five studies that investigated surgical treatment only
(athletes),”® 3*>7 five studies comparing surgical versus conser-
vative treatment (athletes),>*™>% 3° 31 and two studies comparing
surgical treatment versus a control group (matched asymptomatic
athletes without intervention)'® 2° (table 2, see online supple-
mentary table S1).

Table 1 Methodological quality of included studies (modified Downs and Black Scale)
Item number
Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total Quality
Anakwengze, et af*® 1 1 1 0 1 1 ] 0 1 0 1 1 0 1 1 10 Moderate
Earhart, et al*° 0 1 1 0 1 1 1 0 1 0 1 1 0 0 0 8 Low
Hsu®® 1 1 1 0 1 1 0 0 1 1 1 1 0 1 1 1 Moderate
Hsu, et al*’ 1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 10 Moderate
Matsunaga, et a*> 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 3 Low
Mochida, et af*? 1 1 1 0 1 1 0 1 1 0 1 1 0 0 0 9 Low
Sakou et a** 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 4 Low
Savage and Hsu®’ 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 7 Low
Schroeder, et al*® 1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 10 Moderate
Wang, et al'* 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 9 Low
Watkins and Williams>> 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 5 Low
Watkins, et af*® 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 8 Low
Weistroffer and Hsu®' 1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 10 Moderate
Yoshimoto, et a/*° 1 1 1 0 0 1 1 0 1 1 1 1 0 0 0 9 Low
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Table 2 Level of evidence and type of surgery performed in included studies

Level of
Study Study design evidence Subjects Type of surgery
Surgical treatment only (athletes vs matched non-athletes)
Mochida, et a*? Retrospective cohort study 4 Elite athletes vs matched non-athletes Percutaneous nucleotomy/discectomy
Surgical treatment only (athletes vs manual labourers)
Matsunaga, et al*> Retrospective cohort study 4 Club team or professional athletes vs manual  Percutaneous discectomy
labourers
Surgical treatment only (athletes only)
Sakou et aP** Retrospective cohort study 4 Athletes in various sports participating in Percutaneous discectomy
national meets
Savage, et af*’ Retrospective cohort study 4 NFL athletes LD
Watkins and Retrospective cohort study 4 Professional and Olympic athletes Microdiscectomy
Williams®>
Watkins, et al*® Retrospective cohort study 4 Professional athletes Microdiscectomy
Yoshimoto, et a/* Retrospective cohort study 4 Elite athletes Microdiscectomy

Surgical vs conservative treatment (athletes only)
Earhart, et a/*° Retrospective comparative study  3b

26

MLB athletes

Microdiscectomy and/or laminotomy/
foraminotomy

Hsu Retrospective cohort study 4 NFL LD
Hsu, et al*’ Retrospective cohort study 4 Elite athletes in NFL, NBA, NHL and MLB LD
Schroeder, et al?® Descriptive epidemiological study  3b NHL athletes LD

Weistroffer and Case series: Retrospective cohort 4
Hsu®! study

Surgical treatment vs control group (matched asymptomatic athletes without intervention)
NBA athletes LD
NCAA athletes

Anakwenze, et al*®
Wang, et a/'*

Retrospective case—control 3b
Retrospective cohort study 4

NFL linemen

Open or tubular laminectomy

Microdiscectomy, percutaneous discectomy

LD, lumbar discectomy; NBA, National Basketball Association; NFL, National Football League; NHL, National Hockey League; RTS, return to sport.

RTS rate

A total of 964 episodes of symptomatic LBP assumed to be
due to LDH were reported and 739 athletes were treated surgi-
cally. RTS rate (%), difference in RTS between groups, RTS at
previous level (%), time to RTS and career longevity are all
reported in table 3. Additional study details and findings are
presented in online supplementary tables S1 and S2. The indi-
vidual study proportion of athletes RTS following surgical
intervention ranged from 0.50 to 0.98. The pooled RTS for
surgical intervention of all included studies was 0.81 (95% CI
0.76 to 0.86) with significant heterogeneity (I>=63.4%,
p<0.001; figure 2).

We examined the proportion of successful RTS among
the surgical versus conservative treatment of athletes
group.2®2% 3% 31 Among the surgical intervention group the
individual study RTS proportion ranged from 0.78 to 0.96 with
a pooled proportion of 0.84 (95% CI 0.77 to 0.90). The
conservative treatment group had greater variability in the indi-
vidual study RTS proportion ranging from 0.29 to 0.97 with a
pooled proportion of 0.76 (95% CI 0.56 to 0.92). These two
pooled proportions were considered statistically homogenous
(p=0.33), indicating no significant difference between the two
groups. Significant heterogeneity was found for both the surgi-
cal intervention pooled estimates (I>=65.5%, p=0.02) as well
as the conservative pooled estimates (I>=88.1%, p<0.001;
figure 3).

The RTS rate in athletes treated surgically ranged from 50%
for athletes >2 years post-percutaneous discectomy,>* to 98%
for Major League Baseball athletes treated with various surgical
procedures, although surgical intervention was not superior to
conservative intervention in this study.*° The majority of studies
did not report on surgical complications or reoperation rates.
Reoperation rates, when reported, ranged from 0% at an

average of 2.8 months postmicrodiscectomy in elite athletes,?
to 31% at up to 6 months postpercutaneous discectomy in elite
level athletes in various sports.>* One study reported a 36% rate
(5 of 14 athletes) retired from their sport prematurely due to
continued LBR'* Conservative treatment RTS rate ranged from
29% in NFL lineman post-open laminectomy®' to 97% for
Major League Baseball athletes treated with various surgical
procedures.>®

The RTS rate at the same level prior to surgery was reported
in only three studies, with rates of 38%,>* 63%°! and 65%*°
reported and a pooled RTS proportion of 0.59 (95% CI 0.46
to 0.72) with low statistical heterogeneity (°=28.5%, Q
p value=0.25). In these studies RTS versus RTS at level prior to
surgery were: 77% RTS versus 38% RTS at same level,** 81%
RTS versus 63% RTS at same level,>! and 83% RTS versus 65%
RTS at same level.”’ Only one of these studies reported career
longevity (33 games over 3 years for NFL linemen).’

RTS rate at level prior to surgery for the groups treated con-
servatively was not reported. No change in athletic performance
postconservative treatment,?® no change in surgical or conserva-
tive treatment groups post-treatment,>® and no difference in per-
formance scores between groups®® % were reported.

Time to RTS was reported in only 57% (8/14) of
studies.”® 2° 3% 3273 Time to RTS ranged from 1 month®* to 1
season after surgery (due to season completion).” Only one of
the five studies comparing surgical and conservative intervention
examined the difference in time to RTS between groups. In this
study, the surgical group required more time to RTS than the
conservative treatment group (p<0.001).*°

Career longevity was reported in only 50% (7/14) of
studies,?*=28 3932 37 including all five studies comparing surgical
to conservative treatment.”*~>® 3° 3! There was no consistency
between studies in regard to which group had longer careers.
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Table 3 Return to sport and career longevity in included studies

Study

RTS criteria

RTS (%)

Comparator

difference RTS at previous level (%)

Time to RTS

Career longevity

Surgical treatment only (athletes vs matched non-athletes)

Mochida,
et al*?

NR

Athletes:

19/30 (63%) at 1 year
15/30 (50%) >2 years
7130 (23%) had
re-operation
Non-Athletes:

32/42 (76%) at 1 year
31/42 (74%)

>2 years

6/42 (14%) had
re-operation

Surgical treatment only (athletes vs labourers)

Matsunaga,
et al?

Surgical treatment only (athletes only)

Sakou
et al*

Savage and
Hsu®’

Watkinsand
Williams*®

Watkins,
et al®

Yoshimoto,
et al®®

NR

NR

Participation in at
least 1 play during
the regular season

NR

Participation in at
least 1 min of a

regular season game

NR

Athletes:
13/15 (87%)
Labourers:
30/51 (58%)

10113 (77%)
4/13 (31%) had
re-operation
17123 (74%)
2/23 (9%) had
re-operation

53/60 (88%)

67/75 (89%)

19/23 (83%)
0% Re-operation rate

Surgical vs conservative treatment (athletes only)

Earhart,
et al*®

Hsu

Hsu, et al*’

Schroeder,
et al®®

Weistroffer
and Hsu®'

On active NFL roster
for 1 regular season
game

RTS in 1 NFL game

Return to 1
professional game

On active NFL roster
for 1 game

On active NFL roster
for 1 game

Surgical:

39/40 (98%)
Conservative:
28129 (97%)

Surgical:

75/96 (78%)

8.3% re-operation rate
Conservative:

20/34 (59%)

Surgical:
184/226 (81%)
Conservative:
97/116 (84%)
Surgical:
38/48 (79%)
Conservative:
28/31 (90%)
Surgical:
42/52 (81%)
Conservative:
414 (29%)
7/52 (14%) had
re-operation

(p=0.38) at NR

>2 years

p=0.05 NR

NA 5/13 (38%)

NA RTS % NR
No difference in PR per
game before and after LD
(P=0.76)

NA NR

NA NR

NA 15/23 (65%)

(p=0.82) RTS % NR
Surgical:
Poorer performance in
certain categories 1-3 years
post
Conservative:
No changes in performance
following treatment

(p=0.26) No difference in
performance scores
pretreatment and
post-treatment for either
group; no differences
between groups

(p=0.61) NR

(p=0.36) RTS % NR
No difference in
performance score (p=0.92)
between groups

(p<0.05) Surgical:
33/52 (63%)
Conservative:
NR

3 months or more

7.5 weeks athletes;
9 weeks labourers

1-6 months

NR

5.2 months

5.8 months

2.8 months

Surgical

(8.7 months)
required more time
for RTS than
conservative group
(3.6 months)
(p<0.001)

NR

NR

NR

NR

21% athletes abandoned sport
within 2 years

NR

NR

Average of 36 games over 4.1 years

NR

NR

NR

Games:

Surgical (233 games) was less than
(p=0.08) conservative group (432
games)

Months played:

Surgical group same as (p=0.77)
conservative group

Conservative group played more
seasons (p=0.01)

Post-treatment career length was
greater for surgical group (p<0.03)
Surgical group:

played 36 games over 3.1 years vs 18
games over 2 years for the
conservative group (p=0.002)
Months played:

Surgical: 37 months

Conservative: 24 months(p<0.03)
Surgical:

3.3 years

Conservative:

3.5 years

136 games (2.7 years) for both
groups, no difference (p>0.05)
between groups

Surgical:

33 games over 3 years
Conservative:

5 games over 1.2 years

Continued
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Table 3 Continued

Comparator

Study RTS criteria RTS (%) difference RTS at previous level (%) Time to RTS Career longevity
Surgical treatment vs control group (matched asymptomatic athletes without intervention)
Anakwenze, NR Surgical: (p=0.18) NR 1 season after NR
et al”® 18124 (75%) surgery

Matched

Asymptomatics:

42/48 (88%)
Wang, NR Surgical: NA NR NR NR
etal 914 (64%)

Matched

Asymptomatics:

NR

LD, lumbar discectomy; NA, not applicable; NBA, National Basketball Association; NFL, National Football League; NHL, National Hockey League; NR, not reported; PR, power rating;

RTS, return to sport.

Sports performance, health and imaging postsurgical group
outcomes

Besides RTS rate, the included studies reported a wide variety
of outcomes measures related to sports performance, health and
imaging outcomes (tables 2, 3 and see online supplementary
tables S1 and S2). Sport performance outcomes were dependent
on sport and included: total wins, earned run average, saves,
innings pitched, strikeouts, walks plus hits per inning pitched,
runs, home runs, runs batted in, stolen bases, batting average,
standardised player performance score based on game stats and
dependent on position, ratio of number of games started versus
games played, return to play rate, career games and years played
after surgery, games played per year, total number of points per
game, preindex to postindex season performance (index sea-
son=season of surgery), number of games played, number of
minutes/game, points per 40 min, rebounds per 40 min, assists
per 40 min, steals per 40 min, blocks per 40 min, shooting

percentage and power rating,”® power rating divided by the
number of games played and ratio of number of games started
versus number of games played.

Other reported outcomes included: (1) SF-36, (2) scoring
system of Japanese orthopedic association (JOA) for LBE (3)
activities of Daily Living scoring system of JOA, (4) Macnab’s
grading of disc protrusion based on MRI and (§) neurological
deficits by level (see online supplementary table S2).

Surgical treatment only (athletes vs matched non-athletes) group
outcomes

A single study®” investigated athletes versus non-athlete out-
comes (table 3, see online supplementary table S2). Other
outcome measures, besides RTS, used in this study were JOA
for LBP scoring, final surgical failure rate, improvement in LBP
by activities of daily living (ADL) score and return to preopera-
tive sport (see online supplementary table S2). Successful

%

Study ES (95% Cl) Weight

7
Mochida (2001) - : 0.50 (0.33, 0.67) 6.61
Matsunaga (1993) — 0.87 (0.62, 0.96) 4.51
Sakou (1993) > : 0.77 (0.50, 0.92) 411
Savage (2010) -+ E 0.74 (0.54, 0.87) 5.78
Watkins (2003) —E—&— 0.88 (0.78, 0.94) 8.68
Watkins (2012) —0— 0.89 (0.80, 0.94) 9.27
Yoshimoto (2013) EA 0.83 (0.63, 0.93) 5.78
Earhart (2012) | ———% 0.98(0.87,1.00) 7.50
Hsu (2010) —4:— 0.78 (0.69, 0.85) 9.86
Hsu (2011) —'+— 0.81(0.76, 0.86) 11.34
Schroeder (2013) _0-5— 0.79 (0.66, 0.88) 8.05
Weistroffer (2011) —4'— 0.81 (0.68, 0.89) 8.28
Anakwenze (2010) -~ : 0.75 (0.55, 0.88) 5.91
Wang (1999) -+ 0.64 (0.39, 0.84) 4.31
Overall (12 = 63.38%, p = 0.00) <> 0.81 (0.76, 0.86) 100.00

'

'

I
4

Figure 2 Pooled proportion of return to sport following surgical intervention only.
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%

Study ES (95% Cl) Weight
Surgical

Earhart (2012) —=- 0.98 (0.87, 1.00) 15.71
Hsu (2010) S 0.78 (0.69, 0.85) 22.31
Hsu (2011) —_— 0.81 (0.76, 0.86) 27.03
Schroeder (2013) —_— 0.79 (0.66, 0.88) 17.16
Weistroffer (2011) —_— 0.81 (0.68, 0.89) 17.79
Subtotal (12 = 65.48%, p = 0.02) <> 0.84 (0.77, 0.90) 100.00
Conservative

Earhart (2012) —— 0.97 (0.83, 0.99) 19.91
Hsu (2010) ———— 0.59 (0.42, 0.74) 20.35
Hsu (2011) — 0.84 (0.76, 0.89) 22.39
Schroeder (2013) —%— 0.90(0.75, 0.97) 20.10
Weistroffer (2011) * 0.29 (0.12, 0.55) 17.26

Subtotal (142 = 88.10%, p = 0.00)

0.76 (0.56, 0.92) 100.00

T
3

I
1

Figure 3  Pooled proportion of return to sport in studies directly comparing surgical versus conservative intervention.

outcome using the JOA was defined as scores greater than 12 of
15 points on this scale. Improvement in LBP was greater among
non-athletes compared to athletes (p=0.01). Non-athletes had
greater improvement in LBP with ADLs than athletes (p=0.01).

Surgical treatment only (athletes vs labourers) group outcomes

A single study®® compared athletes to labourers for return
to activity after surgery (percutaneous discectomy; table 3,
see online supplementary table S2). Besides RTS rate and time
to RTS, no other outcomes were reported.

Surgical treatment only (athletes only) group outcomes

Five studies®*>” investigated outcomes in athletes having
surgery without a comparison group (table 3, see online supple-
mentary table S2). Outcome measurements included Macnab’s
grading of disc protrusion on MRI, power rating,®® neurological
deficits by level, JOA score and SF-36. No differences in power
ratings were found pre to postsurgery, and 53% (9 of 17) had
higher power ratings postsurgery.>” One study found that 88%
(15 of 17) athletes with initial post-surgical neurological deficits
regained full neurological function.*® Other findings were that
disc level operated on did not affect time to RTS*® and 80%
improvement in JOA, as well as improvement in all subscales of
the SF-36 postsurgically.?’

Surgical versus conservative treatment in athletes group outcomes

Five studies?®® 3% 3! examined the outcomes in athletes
following surgical versus conservative treatment (table 3,
see online supplementary table S2). Earhart et al*® examined
the outcomes of 69 episodes of LDH in 64 baseball athletes.
Surgery was performed in 40 cases, 20 pitchers and 20 hitters
and conservative management was utilised in 29 cases, 9 pitch-
ers and 20 hitters. Pre and post-treatment player performance
was analysed through the use of common hitting and pitching

performance statistics. Pitchers treated surgically had significant
differences in earned run average and walks plus hits divided by
innings pitched at 1 (p<0.05 and p<0.04) and 3 years after
injury (p<0.04 and p<0.03) when compared to preinjury
levels. Hitters treated surgically demonstrated significant
decreases in runs (p=0.008) and ‘runs batted in’ (p=0.009) at
1 year postoperatively compared to the non-surgical group,
although no significant differences remained at 3 years
postsurgery.

In a study of 137 NFL athletes,*® 96 treated surgically (74%)
and 34 treated with variable conservative measures (non-
standardised utilisation of physical therapy, epidural steroid
injections and/or medication), no difference in groups with
regards to performance score and games started (p=0.77). The
conservative group was older (p=0.02) and played more
seasons (p=0.01) than the surgical group. Post-treatment career
length was greater for surgical compared to the conservative
group (p=0.03). On average, the surgical group played more
regular-season games (a total of 36 regular-season games over
3.1 years period compared to an average of 18 regular season
games over 2 years for the conservative group; p<0.002).

Hsu et al*” examined 342 elite athletes of the four major pro-
fessional sports leagues (NFL, NHL, MLB and NBA) diagnosed
with LDH. Surgical treatment in baseball athletes led to signifi-
cantly shorter careers (p<0.05) despite the fact that these ath-
letes were younger (p<0.02) versus the conservative group.
NFL athletes treated surgically had longer careers (p<0.03),
played in more games (p<0.002) and were younger (p<0.02)
than the conservative group. Hsu et al*” found that MLB
players RTS at a higher rate than other sports (p<0.05) and
NFL players RTS at a lower rate than other sports (p<0.05).
No significant differences were demonstrated in either group for
the NHL and NBA athletes and no differences in career length
after treatment for LDH was found between sports (p>0.05).
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Schroeder et al*® examined 87 NHL athletes with symptom-
atic LDH. Thirty-one athletes underwent conservative manage-
ment and 48 athletes were treated with discectomy. The surgical
group demonstrated significant decreases in games played per
season (p<0.01), points per game (p<0.0001), and perform-
ance score (p<0.02) before and after surgery. The conservative
group demonstrated significant decreases in games played per
season (p<0.0001) and performance score (p<0.004) before
and after surgery. Combined the surgical and conservative
groups played an average of 136 games over 2.7 seasons
postsurgery.

Finally in this category, Weistroffer and Hsu®' examined 66
NFL lineman (36 offensive and 30 defensive) who were treated
for LDH. Single level discectomy was performed in all athletes
except one who underwent a two-level operation. The 63.5% of
athletes treated surgically became NFL starters while three
players who were initially starters lost that status postsurgically.

Surgical treatment versus control group (matched asymptomatic
athletes without intervention) outcomes

Two studies'* *° reported surgical versus a control group of
matched asymptomatic athletes not receiving intervention
(table 3, see online supplementary table S2). Standard athletic
performance measures were utilised as outcomes in NBA basket-
ball players one season postlumbar discectomy, showing that the
surgical group played an average of 20.1 fewer games from pre
to postsurgically compared to control group athletes who
played an average of 8.8 fewer games after surgery (p=0.093).
Overall, the athletic performance was no different between
groups one season after surgery.”’

Wang et al'* examined the outcome of lumbar discectomy in
14 athletes of various sports from schools in the National
Collegiate Athletic Association (NCAA) for an average of
3.1 years postsurgically compared to 37 uninjured athletes.
Thirteen athletes had microdiscectomy and one had a percutan-
eous discectomy. Ten had a single-level open microdiscectomy,
three had a two-level discectomy, and one a single-level percu-
taneous discectomy.

Quality of life domains on the SF-36 where athletes (11 of 14
athletes completed SF-36) that RTS versus those that did not
were significant for physical function (p=0.009), bodily pain
(p=0.003) and physical summary (p=0.009). The seven other
domains did not demonstrate any difference between groups.
Scores on the SF-36 were not significantly different for surgical
athletes when compared to uninjured age-matched control ath-
letes, although there were only 11 surgical versus 37 age-
matched athletes.

DISCUSSION

In this systematic review and meta-analysis of clinical evidence
regarding athlete RTS following lumbar discectomy we found
an overall high rate (81%) of RTS following surgical treatment,
however we found no statistical difference in RTS rate for ath-
letes treated surgically (pooled proportion of 84% of treated
athletes returning) versus athletes treated conservatively (pooled
proportion of 76% of treated athletes returning). The percent-
age of athletes actually returning to their prior level of sport
function postsurgical discectomy was much lower, ranging from
38% to 65%, with a pooled estimate of 59%.

Fourteen studies'* 2°=7 published between 1993 and 2013
were included in this review. Meta-analysis was performed of
the five studies comparing surgical and conservative interven-
tion.>*~%® 39 31 The included studies were grouped according to
surgical treatment comparator.

Rate of RTS

RTS was compared between surgery and a variety of other
groupings within the 14 articles reviewed. The overall RTS rate
for all 14 studies was 81% (range 50%-98%), although there
was significant heterogeneity noted. Successful RTS comparison
between surgical and conservative intervention was investigated
with meta-analyses. Successful RTS rate for the surgical inter-
vention group (849%) was no different (p=0.33) than conserva-
tive intervention group (76%). Significant heterogeneity was
found for both the surgical and conservative intervention
pooled estimates. The pooled estimate of the conservative inter-
vention had greater variability, due, in large part to one study.*'
The subject number for conservative intervention in this study
was extremely low (n=14), especially in comparison to the
number of subjects in the surgical arm of this study (n=52).
This study investigated a unique athlete cohort, NFL linemen.
Further studies will be required to determine if this specific
cohort is not favourable to conservative treatment. RTS ranged
from 100% in MLB baseball pitchers to 75% in NBA players.
In non-professional athletes RTS ranged from 100% to 50%,
depending on the sport. The higher RTS in professional sports
may reflect the drive of the athlete to return to his/her career
versus the non-professional who is playing a sport with less
commitment. Furthermore, the professional athlete’s financial
livelihood depends on their successful RTS and professional ath-
letes physical composition may be significantly different than
the non-professional athlete, thus affecting postsurgical
rehabilitation.

Confounding variables for RTS include necessary secondary
operations, the point in the season in which they return, het-
erogeneous nature of post-surgical reporting, poor description
of post-surgical rehabilitation and study quality. The preva-
lence of a repeat surgery ranged from 9% to 319.3! 32 3% 37
The recurrence rate requiring subsequent secondary operation
in the current study is slightly higher than the 7 to 8% that is
reported within the general population in the current peer
reviewed literature.>® *° Multiple methodological concerns in
study design and data collection could also potentially inflate
the RTS rate.

Recovery time relative to type of sport

The types of athlete included in this review encompassed a
multitude of sports. Professional athletes representing the four
USA major sports (NFL, MLB, NBA, NHL) were studied in
seven of the articles.”® 26728 30 31 37 The remaining six articles
studied athletes participating in a wide range of sports, including
both collision and non-collision sports.

The time it took to RTS was reported in only
eight®® 2% 39 32736 of the 14 studies. The time ranged from 5.2
to 8.7 months®® among professional athletes. Non-professional
athletes RTS time ranged from 7.5 weeks®® to 6 months.** The
variability of recovery time reflects the nature of the multiple
types of sports included in these studies. The extended recovery
time in the professional athlete may be due to the intensity of
the sport and the caution taken with these athletes to improve
career longevity.

Career longevity

Opverall (surgical and/or conservative treatment) career longevity
ranged from 49 to 63 months.?*=2% 3% 31 37 Career longevity
after LDH and subsequent surgery was affected by a number of
variables. The age and sport type are two such variables. Age at
diagnosis is a negative predictor for career length after treatment
for LDH.”’
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Surgical treatment in baseball players led to significantly
shorter careers, even though the athletes were younger than the
conservative group.”” In the NFL population, surgically treated
athletes had longer careers,?® 27 played in more games and were
younger than the conservative group.”” Having played more
games before diagnosis of LDH resulted in a longer career after
treatment, suggesting that the more experienced athletes had
additional skills leading to better postsurgical outcomes when
compared to less experienced athletes.*

Variability of career length was found with respect to the pos-
ition the athlete played in the NFL. Skill athletes (quarterback,
running back, tight end and wide receiver) played an average of
36 games over a 4.l-year period.’” Offensive backfield and
receiver athletes both played for an average of 5.5 seasons,
while tight ends (6.7 seasons) and quarterbacks (7.3 seasons)
played even longer.*! Linemen were found to play anywhere
from 31 games over a 2.9-year period (offensive linemen)®! to
6.7 seasons (offensive linemen)*! in separate studies.
Additionally, linebackers (6 seasons) and kickers (7.7 seasons)
were also investigated.*! Overall, the average reported career
length in the NFL is 3.3 seasons.*?

One study®’ found no differences in career length after treat-
ment for LDH between sports (NFL, NBA, NHL, MLB), while
seven other studies'* ** #* #373¢ did not report career longevity
after lumbar discectomy. Therefore, due to various and multiple
methodological concerns within many of the studies, as well as
contract status*> and the timing of the season considerations,
career longevity results should be interpreted with caution.

Sports performance, health and imaging postsurgical group
outcomes

RTS performance outcomes in athletes post-intervention was
quite variable across the studies, ranging from no report of this
criteria at all,*® 3>73* being listed on the active roster for at least
one regular season game,”® 2’ 3° participation in a game during
the regular season for at least one play,®” active participation at
previous level of competition,'* logging at least 1 min in a pro-
fessional regular season game,® ability to perform rehabilitation
programme,® or gradual return to activity.”’ Therefore, it is
impossible to conclude that RTS implies returning to previous
level of function, or even RTS at a successful level. Premature
retirement from sport was reported in 36% (5/14) athletes due
to continued symptoms.'* Another study®® reported that only
27% of athletes RTS without disability. Performance-based
outcome in athletes postintervention was also variable across the
studies and dependent on the type of sport.

Furthermore, simply RTS does not represent that athletes
were able to: RTS at the same level, undertake the same weekly
hours of sport/practice or remain at a preinjury level for a
period of time. In the three studies RTS rate at pre-surgical
status,” *' 3* the percentage of athletes actually returning to
their prior level of sport function post-surgical discectomy was
much lower than the RTS rate, ranging from 38% to 65%.

While inconsistency and heterogeneity of appropriate
outcome measures in these studies is to be understood since
many different sports were involved, the development and
standardisation of performance measures across the various
sports is difficult. In fact, standardisation, responsiveness, inter-
pretability of these measures in general is lacking and suggested
as a need in future high-quality investigation,**~*’

Concerns of included studies
The current literature investigating the RTS ability of athletes’
postlumbar discectomy is growing. Unfortunately, study quality

is lacking (table 1). Study design, limited intervention follow-up,
selection bias, outcome reporting bias, limited number of inves-
tigated sports in the included studies and postsurgical descrip-
tion are all variables contributing to the underwhelming quality
of these studies.

All included studies were retrospective cohort studies.
Although retrospective cohort studies are easier to conduct,
cheaper, require less time, and allow for a larger sample size*®
they provide weak evidence for assessing surgical outcomes or
establishing causation.’® Previous examples (eg, meniscus tear,
shoulder impingement) provide good lessons in that case series
surgical outcomes for these pathologies are often favourable,
but subsequent randomised controlled trials show no additional
benefit over non-surgical or sham therapy.®*=°

Additionally, reported postsurgical follow-up times in the
included studies limit interpretability of actual athlete RTS fol-
lowing surgery. Follow-up time was not even reported in one of
the studies.’’ The follow-up time ranged from 1 to 7.4 years in
the remaining studies. Estimations of recurrence rates at specific
follow-up periods therefore make direct comparison difficult.
Longer term follow-up post-microdiscectomy show higher rates
of surgical recurrence,®® °! suggesting the potential for over-
estimation of positive surgical outcomes exists in the included
studies of this review.

Subject selection and outcome assessment are also potential
sources of bias in the included studies. All included studies used
information from surgeon’s files, press releases, newspaper arti-
cles, game summaries, player profiles and/or injury reports for
subject selection. Seven'* 2? 3273¢ of 14 studies (50%) identified
athletes from surgeon’s files, suggesting potential selection bias,
response bias and bias arising from the interpretation of medical
records. Seven® =28 3031 37 of fourteen studies (50%) identified
athletes with information as part of the public record (press
releases, newspaper articles, game summaries, player profiles
and/or injury reports), thereby introducing the possibility of
reporting errors within these sources, as well as misrepresenta-
tion of less known athletes. Outcome assessment was vulnerable
to bias as most studies failed to report their assessment proced-
ure. In many studies it was unclear if outcome assessment was
performed from the surgeon’s files or subjects responses.

Also worthy of mention is the actual premise that LDH was
the cause of the athlete’s pain, versus an incidental finding.
Across various surgical studies of the lumbar spine,®*™*” it has
been demonstrated that presurgical radiographic imaging find-
ings suggestive of pathology correlated poorly with successful
surgical outcomes. Additionally concerning is the fact that
patients have significant misconceptions regarding diagnosis and
treatment of lumbar pathology, to the extent of having as high
as over 50% of patients electing surgery based solely on abnor-
malities found on imaging.”® Such findings might suggest suc-
cessful outcomes for patients with LBP may require a
multidisciplinary approach.”!

Limitations

This study has several limitations. The review lacked prospective
registration on a database such as Prospero or a priori published
protocol. The search was restricted to only English language
studies in peer-reviewed journals, a potential publication bias.
Finally, the large majority of athletes in the included studies
were male; therefore the generalisability of these findings to
female athletes is unknown. Despite the limitations of the study
the review provides useful insight for clinicians and athletes in
explaining the outcomes of athletes who had LBE which was
attributed to LDH, who RTS following lumbar discectomy.

Reiman MP, et al. Br J Sports Med 2016;50:221-230. doi:10.1136/bjsports-2015-094691

9 of 11

"yBuAdoo Aq paloalold 1sanb Aq 20z ‘02 Yorew uo Jwod wg wslay/:dny woly papeojumoqd "GTOZ 1800190 TZ U0 T69760-GT0Z-s1odslg/oeTT 0T Se paysiignd 1si1y :pajn suods ¢ ig


http://bjsm.bmj.com/

CONCLUSIONS

Studies comparing surgical versus conservative treatment inter-
ventions found no significant difference between groups regard-
ing RTS. The quality of included studies in this review was low
to moderate. Current RTS recommendations are based on
authors’ opinion and experience. The true efficacy of lumbar
discectomy to return an athlete to their respective sport remains
unknown and likely overstated. Higher quality studies with
lower risk of bias investigating surgical, as well as surgical versus
conservative treatment outcomes are needed.

What are the findings?

» Studies comparing surgical versus conservative management
found no significant difference between groups regarding
the ability to return to sport.

» The variability of the literature reporting surgical outcomes
postdiscectomy requires subgroup analyses (surgical vs
conservative; surgical vs control; surgical athlete vs surgical
non-athlete and postsurgical).

» Although current studies suggest that a high level of return
to sport is possible following lumbar disc surgery, the rate of
return to presurgical sport level was much less.

» Conclusions of successful ability to return to sport following
lumbar disc surgery are likely premature due to significant
methodological concerns with respect to these studies.

How it might impact on clinical practice in the future?

» Distinct neurological signs and symptoms (e.g. decreased
reflexes, sensory deficits) should be required indications prior
to surgery for lumbar disc herniation (LDH).

» If the athlete is not having distinct neurological deficits
along with LDH, then conservative treatment, including
physiotherapy, is suggested prior to surgical intervention.

» Athletes with LDH may require a multi-disciplinary treatment
approach.

Acknowledgements Leila Ledbetter, MLIS for assisting with the literature search
for this study.

Contributors MPR provided the idea for the manuscript. MPR, JS and JKL planned
the manuscript. AG performed statistical analyses. MPR and AG contributed to
interpretation of the data. All authors contributed to writing, editing and approval of
the manuscript. MPR and JS contributed equally to the manuscript.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1 O'Sullivan P. Common misconceptions about back pain in sport: Tiger Woods' case
brings five fundamental questions into sharp focus. Br J Sports Med
2015;49:905-7.

2 Rajeswaran G, Turner M, Gissane C, et al. MRI findings in the lumbar spines of
asymptomatic elite junior tennis players. Skeletal Radiol 2014;43:925-32.

3 Ong A, Anderson J, Roche J. A pilot study of the prevalence of lumbar disc
degeneration in elite athletes with lower back pain at the Sydney 2000 Olympic
Games. Br J Sports Med 2003;37:263-6.

4 Takatalo J, Karppinen J, Niinimaki J, et al. Prevalence of degenerative imaging
findings in lumbar magnetic resonance imaging among young adults. Spine (Phila
Pa 1976) 2009;34:1716-21.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Takatalo J, Karppinen J, Niinimaki J, et al. Does lumbar disc degeneration on
magnetic resonance imaging associate with low back symptom severity in young
Finnish adults? Spine (Phila Pa 1976) 2011;36:2180-9.

Bono CM. Low-back pain in athletes. J Bone Joint Surg Am 2004;86-A:382-96.
Brinjikji W, Luetmer PH, Comstock B, et al. Systematic literature review of imaging
features of spinal degeneration in asymptomatic populations. AJ/NR Am J
Neuroradiol 2015;36:811-16.

Baranto A, Hellstrém M, Cederlund CG, et al. Back pain and MRI changes in the
thoraco-lumbar spine of top athletes in four different sports: a 15-year follow-up
study. Knee Surg Sports Traumatol Arthrosc 2009;17:1125-34.

Jonasson P, Halldin K, Karlsson J, et al. Prevalence of joint-related pain in the
extremities and spine in five groups of top athletes. Knee Surg Sports Traumatol
Arthrosc 2011;19:1540-6.

Dreisinger TE, Nelson B. Management of back pain in athletes. Sports Med
1996;21:313-20.

Osterman H, Seitsalo S, Karppinen J, et al. Effectiveness of microdiscectomy for
lumbar disc herniation: a randomized controlled trial with 2 years of follow-up.
Spine (Phila Pa 1976) 2006,;31:2409-14.

Kamper SJ, Ostelo RW, Rubinstein SM, et al. Minimally invasive surgery for lumbar
disc herniation: a systematic review and meta-analysis. Eur Spine J
2014;23:1021-43.

Jacobs WC, Rubinstein SM, Willems PC, et a/. The evidence on surgical
interventions for low back disorders, an overview of systematic reviews. Eur Spine J
2013;22:1936-49.

Wang JC, Shapiro MS, Hatch ID, et al. The outcome of lumbar discectomy in elite
athletes. Spine (Phila Pa 1976) 1999;24:570-3.

Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical vs nonoperative treatment for
lumbar disk herniation: the Spine Patient Outcomes Research Trial (SPORT)
observational cohort. JAMA 2006;296:2451-9.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Ann Intern Med 2009;151:264-9,
W64.

Downs SH, Black N. The feasibility of creating a checklist for the assessment of the
methodological quality both of randomised and non-randomised studies of health
care interventions. J Epidemiol Community Health 1998;52:377-84.

Irving DB, Cook JL, Menz HB. Factors associated with chronic plantar heel pain:

a systematic review. J Sci Med Sport 2006;9:11-22; discussion 23-4.

Munn J, Sullivan SJ, Schneiders AG. Evidence of sensorimotor deficits in functional
ankle instability: a systematic review with meta-analysis. J Sci Med Sport
2010;13:2-12.

Mosler AB, Agricola R, Weir A, et al. Which factors differentiate athletes with hip/
groin pain from those without? A systematic review with meta-analysis. Br J Sports
Med 2015;49:810.

Center for evidence based medicine. Oxford centre for evidence-based medicine,
levels of evidence (March 2009). University of Oxford, 2009. [cited 2015 August 1].
http:/www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-
march-2009/

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7:177-88.

Freeman MF, Tukey JW. Transformations related to the angular and the square root.
Ann Math Stat 1950;21:607-11.

lwamoto J, Sato Y, Takeda T, et al. The return to sports activity after conservative or
surgical treatment in athletes with lumbar disc herniation. Am J Phys Med Rehabil
2010;89:1030-5.

Anakwenze OA, Namdari S, Auerbach ID, et al. Athletic performance outcomes
following lumbar discectomy in professional basketball players. Spine (Phila Pa
1976) 2010,35:825-8.

Hsu WK. Performance-based outcomes following lumbar discectomy in professional
athletes in the National Football League. Spine (Phila Pa 1976) 2010;35:1247-51.
Hsu WK, McCarthy KJ, Savage JW, et al. The Professional Athlete Spine Initiative:
outcomes after lumbar disc herniation in 342 elite professional athletes. Spine J
2011;11:180-6.

Schroeder GD, McCarthy KJ, Micev AJ, et a/. Performance-based outcomes after
nonoperative treatment, discectomy, and/or fusion for a lumbar disc herniation in
National Hockey League athletes. Am J Sports Med 2013;41:2604-8.

Yoshimoto M, Takebayashi T, Ida K, et a/. Microendoscopic discectomy in athletes.
J Orthop Sci 2013;18:902-8.

Earhart JS, Roberts D, Roc G, et al. Effects of lumbar disk herniation on the careers
of professional baseball players. Orthopedics 2012;35:43-9.

Weistroffer JK, Hsu WK. Return-to-play rates in National Football League linemen
after treatment for lumbar disk herniation. Am J Sports Med 2011;39:632—-6.
Mochida J, Nishimura K, Okuma M, et al. Percutaneous nucleotomy in elite
athletes. J Spinal Disord 2001;14:159-64.

Matsunaga S, Sakou T, Taketomi E, et al. Comparison of operative results of lumbar
disc herniation in manual laborers and athletes. Spine (Phila Pa 1976)
1993;18:2222-6.

Sakou T, Masuda A, Yone K, et al. Percutaneous discectomy in athletes. Spine
(Phila Pa 1976) 1993;18:2218-21.

10 of 11

Reiman MP, et al. Br J Sports Med 2016;50:221-230. doi:10.1136/bjsports-2015-094691

"1ybuAdoo Aq parosiold 1sanb Aq 202 ‘02 Yote uo jwod fwg wslg//:dny wol) papeojumoq "STOZ 4890190 TZ U0 T69760-GT0Z-SHodslg/9eTT 0T Se paysiignd 1sii :pajA suods r g


http://dx.doi.org/10.1136/bjsports-2014-094542
http://dx.doi.org/10.1007/s00256-014-1862-1
http://dx.doi.org/10.1136/bjsm.37.3.263
http://dx.doi.org/10.1097/BRS.0b013e3181ac5fec
http://dx.doi.org/10.1097/BRS.0b013e3181ac5fec
http://dx.doi.org/10.1097/BRS.0b013e3182077122
http://dx.doi.org/10.3174/ajnr.A4173
http://dx.doi.org/10.3174/ajnr.A4173
http://dx.doi.org/10.1007/s00167-009-0767-3
http://dx.doi.org/10.1007/s00167-011-1539-4
http://dx.doi.org/10.1007/s00167-011-1539-4
http://dx.doi.org/10.2165/00007256-199621040-00006
http://dx.doi.org/10.1097/01.brs.0000239178.08796.52
http://dx.doi.org/10.1007/s00586-013-3161-2
http://dx.doi.org/10.1007/s00586-013-2823-4
http://dx.doi.org/10.1097/00007632-199903150-00014
http://dx.doi.org/10.1001/jama.296.20.2451
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1016/j.jsams.2006.02.004
http://dx.doi.org/10.1016/j.jsams.2009.03.004
http://dx.doi.org/10.1136/bjsports-2015-094602
http://dx.doi.org/10.1136/bjsports-2015-094602
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1214/aoms/1177729756
http://dx.doi.org/10.1097/PHM.0b013e3181f71044
http://dx.doi.org/10.1097/BRS.0b013e3181d3cf45
http://dx.doi.org/10.1097/BRS.0b013e3181d3cf45
http://dx.doi.org/10.1097/BRS.0b013e3181bf8bb5
http://dx.doi.org/10.1016/j.spinee.2010.12.009
http://dx.doi.org/10.1177/0363546513499229
http://dx.doi.org/10.1007/s00776-013-0442-x
http://dx.doi.org/10.3928/01477447-20111122-40
http://dx.doi.org/10.1177/0363546510388901
http://dx.doi.org/10.1097/00002517-200104000-00011
http://dx.doi.org/10.1097/00007632-199311000-00013
http://dx.doi.org/10.1097/00007632-199311000-00012
http://dx.doi.org/10.1097/00007632-199311000-00012
http://bjsm.bmj.com/

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Watkins RG, Williams LA. Microscopic lumbar discectomy results for 60 cases in
professional and Olympic athletes. Spine J 2003;3:100-5.

Watkins RG, Hanna R, Chang D. Return-to-play outcomes after microscopic lumbar
diskectomy in professional athletes. Am J Sports Med 2012;40:2530-5.

Savage JW, Hsu WK. Statistical performance in National Football League athletes
after lumbar discectomy. Clin J Sport Med 2010;20:350—4.

Carey JL, Huffman GR, Parekh SG, et al. Outcomes of anterior cruciate ligament
injuries to running backs and wide receivers in the National Football League. Am J
Sports Med 2006;34:1911-17.

Morgan-Hough CV, Jones PW, Eisenstein SM. Primary and revision lumbar
discectomy. A 16-year review from one centre. J Bone Joint Surg Br
2003;85:871-4.

Ambrossi GL, McGirt MJ, Sciubba DM, et al. Recurrent lumbar disc herniation after
single-level lumbar discectomy: incidence and health care cost analysis.
Neurosurgery 2009;65:574-8; discussion 8.

Brophy RH, Lyman S, Chehab EL, et al. Predictive value of prior injury on career in
professional American football is affected by player position. Am J Sports Med
2009;37:768-75.

Average Playing Career Length in the National Football League (in years). http:/
www.statista.com/statistics/240102/average-player-career-length-in-the-national-
football-league/: NFL; NFL Players Association; April 2011 [cited 6 October 2014].
Watkins RG Ill. Great rehabilitation and great physical bodies allow professional
athletes undergoing lumbar discectomy to return to sport at a high rate. Spine J
2011;11:187-9.

Dobson F, Choi YM, Hall M, et al. Clinimetric properties of observer-assessed
impairment tests used to evaluate hip and groin impairments: a systematic review.
Arthritis Care Res (Hoboken) 2012;64:1565-75.

Dobson F, Hinman RS, Hall M, et al. Measurement properties of performance-based
measures to assess physical function in hip and knee osteoarthritis: a systematic
review. Osteoarthritis Cartilage 2012;20:1548-62.

Kroman SL, Roos EM, Bennell KL, et al. Measurement properties of
performance-based outcome measures to assess physical function in young and
middle-aged people known to be at high risk of hip and/or knee osteoarthritis:

a systematic review. Osteoarthritis Cartilage 2014;22:26-39.

Terwee CB, Mokkink LB, Steultjens MP, et al. Performance-based methods for
measuring the physical function of patients with osteoarthritis of the hip or knee:
a systematic review of measurement properties. Rheumatology (Oxford)
2006;45:890-902.

Hegedus EJ, McDonough S, Bleakley C, et al. Clinician-friendly lower extremity
physical performance measures in athletes: a systematic review of measurement
properties and correlation with injury, part 1. The tests for knee function including
the hop tests. Br J Sports Med 2015;49:642-8.

Hegedus EJ, McDonough SM, Bleakley C, et al. Clinician-friendly lower extremity
physical performance tests in athletes: a systematic review of measurement
properties and correlation with injury. Part 2-the tests for the hip, thigh, foot and
ankle including the star excursion balance test. Br J Sports Med 2015;49:649-56.
Coleman BD, Khan KM, Maffulli N, et al. Studies of surgical outcome after patellar
tendinopathy: clinical significance of methodological deficiencies and guidelines for
future studies. Victorian Institute of Sport Tendon Study Group. Scand J Med Sci
Sports 2000;10:2-11.

Horton R. Surgical research or comic opera: questions, but few answers. Lancet
1996;347:984-5.

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Dorrestijn O, Stevens M, Winters JC, et al. Conservative or surgical treatment for
subacromial impingement syndrome? A systematic review. J Shoulder Elbow Surg
2009;18:652-60.

Gebremariam L, Hay EM, Koes BW, et al. Effectiveness of surgical and postsurgical
interventions for the subacromial impingement syndrome: a systematic review. Arch
Phys Med Rehabil 2011,92:1900-13.

Judge A, Murphy RJ, Maxwell R, et al. Temporal trends and geographical variation
in the use of subacromial decompression and rotator cuff repair of the shoulder in
England. Bone Joint J 2014;96-B:70-4.

Murphy RJ, Carr Al. Shoulder pain. BM/ Clin Evid 2010;2010:pii: 1107.

Coghlan JA, Buchbinder R, Green S, et al. Surgery for rotator cuff disease. Cochrane
Database Syst Rev 2008;(1):CD005619.

Khan M, Evaniew N, Bedi A, et al. Arthroscopic surgery for degenerative tears
of the meniscus: a systematic review and meta-analysis. CMAJ 2014;186:
1057-64.

Seida JC, LeBlanc C, Schouten IR, et al. Systematic review: nonoperative and
operative treatments for rotator cuff tears. Ann Intern Med 2010;153:246-55.
Sihvonen R, Paavola M, Malmivaara A, et al. Arthroscopic partial meniscectomy
versus sham surgery for a degenerative meniscal tear. N Engl J Med
2013;369:2515-24.

Gaston P, Marshall RW. Survival analysis is a better estimate of recurrent disc
herniation. J Bone Joint Surg Br 2003;85:535—7.

Aizawa T, Ozawa H, Kusakabe T, et al. Reoperation for recurrent lumbar disc
herniation: a study over a 20-year period in a Japanese population. J Orthop Sci
2012;17:107-13.

Choi KC, Shim HK, Kim JS, et al. Does pre-existing L5-S1 degeneration affect
outcomes after isolated L4-5 fusion for spondylolisthesis? J Orthop Surg Res
2015;10:39.

Okuda S, Iwasaki M, Miyauchi A, et al. Risk factors for adjacent segment
degeneration after PLIF. Spine (Phila Pa 1976) 2004;29:1535-40.

Moses RA, Zhao W, Staub LP, et al. Is the sedimentation sign associated with
spinal stenosis surgical treatment effect in SPORT? Spine (Phila Pa 1976)
2015;40:129-36.

Barz T, Staub LP, Melloh M, et a/. Clinical validity of the nerve root sedimentation
sign in patients with suspected lumbar spinal stenosis. Spine J 2014;14:667-74.
Kotilainen E, Alanen A, Erkintalo M, et al. Magnetic resonance image changes and
clinical outcome after microdiscectomy or nucleotomy for ruptured disc. Surg Neurol
1994;41:432-40.

Kotilainen E, Alanen A, Erkintalo M, et al. Postoperative hematomas after successful
lumbar microdiscectomy or percutaneous nucleotomy: a magnetic resonance
imaging study. Surg Neuro/ 1994;41:98-105.

Kotilainen E. Microinvasive lumbar disc surgery. A study on patients treated with
microdiscectomy or percutaneous nucleotomy for disc herniation. Ann Chir Gynaecol
Suppl 1994;209:1-50.

Sahlstrand T, Lonntoft M. A prospective study of preoperative and postoperative
sequential magnetic resonance imaging and early clinical outcome in automated
percutaneous lumbar discectomy. J Spinal Disord 1999;12:368-74.

Franz EW, Bentley JN, Yee PP, et al. Patient misconceptions concerning lumbar
spondylosis diagnosis and treatment. J Neurosurg Spine 2015;22:496-502.
Kamper SJ, Apeldoorn AT, Chiarotto A, et al. Multidisciplinary biopsychosocial
rehabilitation for chronic low back pain: cochrane systematic review and
meta-analysis. BMJ 2015;350:h444.

Reiman MP, et al. Br J Sports Med 2016;50:221-230. doi:10.1136/bjsports-2015-094691

11 of 11

"1ybuAdoo Aq parosiold 1sanb Aq 202 ‘02 Yote uo jwod fwg wslg//:dny wol) papeojumoq "STOZ 4890190 TZ U0 T69760-GT0Z-SHodslg/9eTT 0T Se paysiignd 1sii :pajA suods r g


http://dx.doi.org/10.1016/S1529-9430(02)00569-7
http://dx.doi.org/10.1177/0363546512458570
http://dx.doi.org/10.1097/JSM.0b013e3181efc259
http://dx.doi.org/10.1177/0363546506290186
http://dx.doi.org/10.1177/0363546506290186
http://dx.doi.org/10.1227/01.NEU.0000350224.36213.F9
http://dx.doi.org/10.1177/0363546508329542
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://www.statista.com/statistics/240102/average-player-career-length-in-the-national-football-league/
http://dx.doi.org/10.1016/j.spinee.2011.01.035
http://dx.doi.org/10.1002/acr.21707
http://dx.doi.org/10.1016/j.joca.2012.08.015
http://dx.doi.org/10.1016/j.joca.2013.10.021
http://dx.doi.org/10.1093/rheumatology/kei267
http://dx.doi.org/10.1136/bjsports-2014-094094
http://dx.doi.org/10.1136/bjsports-2014-094341
http://dx.doi.org/10.1034/j.1600-0838.2000.010001002.x
http://dx.doi.org/10.1034/j.1600-0838.2000.010001002.x
http://dx.doi.org/10.1016/S0140-6736(96)90137-3
http://dx.doi.org/10.1016/j.jse.2009.01.010
http://dx.doi.org/10.1016/j.apmr.2011.06.006
http://dx.doi.org/10.1016/j.apmr.2011.06.006
http://dx.doi.org/10.1302/0301-620X.96B1.32556
http://dx.doi.org/10.1002/14651858.CD005619.pub2
http://dx.doi.org/10.1002/14651858.CD005619.pub2
http://dx.doi.org/10.1503/cmaj.140433
http://dx.doi.org/10.7326/0003-4819-153-4-201008170-00263
http://dx.doi.org/10.1056/NEJMoa1305189
http://dx.doi.org/10.1302/0301-620X.85B4.13813
http://dx.doi.org/10.1007/s00776-011-0184-6
http://dx.doi.org/10.1186/s13018-015-0186-8
http://dx.doi.org/10.1097/01.BRS.0000131417.93637.9D
http://dx.doi.org/10.1097/BRS.0000000000000672
http://dx.doi.org/10.1016/j.spinee.2013.06.105
http://dx.doi.org/10.1016/0090-3019(94)90003-5
http://dx.doi.org/10.1016/0090-3019(94)90105-8
http://dx.doi.org/10.1097/00002517-199912050-00003
http://dx.doi.org/10.3171/2014.10.SPINE14537
http://dx.doi.org/10.1136/bmj.h444
http://bjsm.bmj.com/

	Return to sport after open and microdiscectomy surgery versus conservative treatment for lumbar disc herniation: a systematic review with meta-analysis
	Abstract
	Introduction
	Methods
	Study design
	Search strategy
	Identification of studies

	Selection of studies
	Quality assessment of studies
	Data extraction
	Statistical analysis

	Results
	Selection of studies
	Quality assessment of studies
	Characteristics of included studies
	RTS rate
	Sports performance, health and imaging postsurgical group outcomes
	Surgical treatment only (athletes vs matched non-athletes) group outcomes
	Surgical treatment only (athletes vs labourers) group outcomes
	Surgical treatment only (athletes only) group outcomes
	Surgical versus conservative treatment in athletes group outcomes
	Surgical treatment versus control group (matched asymptomatic athletes without intervention) outcomes


	Discussion
	Rate of RTS
	Recovery time relative to type of sport
	Career longevity
	Sports performance, health and imaging postsurgical group outcomes
	Concerns of included studies
	Limitations

	Conclusions
	References


