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Abstract

Background Adolescent idiopathic scoliosis (AIS) is a frequent disorder. Since patients with AIS are typically as active as
age-matched controls and post-operative reduction in physical activity has detrimental effects on their well-being, return to
sport (RTS) is an important perioperative concern. Aim of the present study is to review the literature concerning return to
sport after spinal fusion for AIS.

Methods This work was carried out in accordance with Preferential Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines. The search was carried out in December 2020. Only peer-reviewed randomized controlled
trials (RCTs), retrospective studies (RS), retrospective case series (RCS) and perspective cohort studies (PCS) were con-
sidered for inclusion.

Results Six studies were included; only one of them was prospective. All the authors reported a time to RTS ranging between
6 and 18 months. Between 28 and 36.6% of all patients changed sport, choosing lower impact activities, mostly due to loss
of flexibility of the spine. No complications due to return to play were noted.

Conclusion According to current evidence, patients who received spinal arthrodesis for AIS can safely return to any sport,
even those that require extreme levels of spinal and pelvic movements such as gymnastics and golf. As there is little evidence,
however, of the spinal loading that occurs during such movements, there is a lack of scientific evidence-based recommen-
dations or guidelines surgeons and other health care providers can follow. Prospective comparative studies are needed to
investigate these biomechanical and clinical issues.

Level of evidence Level III.
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Introduction [3], return to sport (RTS) is often an important periopera-

tive concern for the patients and families [2]. Nevertheless,

Adolescent Idiopathic Scoliosis (AIS) is a frequent mus-
culoskeletal disorder [1]; although 2-3% of the adolescent
population is affected, less than 10% of these patients require
a surgical intervention of spinal fusion [1]. Since patients
with a diagnosis of AIS are typically active as age-matched
controls [2] and post-operative reduction in physical activity
can have detrimental effects on their health and well-being
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current guidelines for postoperative athletic participation are
derived from expert opinion and no evidence-based recom-
mendations exist regarding tailored rehabilitation [4] nor
the timing of return to sport (RTS) after spine surgery for
AIS. Aim of this study is to review the available literature
concerning return to sport after spinal arthrodesis for Ado-
lescent Idiopathic Scoliosis.

Materials and methods

The present work was carried out in accordance with Pref-
erential Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines.
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Eligibility criteria

Only peer-reviewed publications were considered for inclu-
sion. Studies were included if they involved patients who
underwent spinal fusion to correct AIS and if they described
their RTS after surgery. Only articles who meet the PICO
criteria on systematic reviews (Population, Intervention,
Comparison and Outcomes) were included.

The type of study considered for inclusion were rand-
omized controlled trials (RCTs), retrospective studies (RS),
retrospective case series (RCS) and perspective cohort stud-
ies (PCS), while case reports, literature reviews and meta-
analyses were excluded. In vitro or biomechanical studies
and cadaver experiments were also excluded. According to
the reviewer’s language capabilities, considered studies were
those written in English and Italian.

Information sources and search strategy

Electronic research to identify eligible studies was performed
using online databases including PubMed-MEDLINE, the

J

Fig.1 PRISMA flowchart
illustrating the search strategy

Cochrane Central Registry of Controlled Trials and Embase
Biomedical database by two reviewers (MM and FB). The
literature search was carried out in December 2020. Search
terms included were “adolescent idiopathic scoliosis”,
“return to sport” and “physical activity”.

Study selection

Once the studies eligible for inclusion had been retrieved,
the full text of articles was obtained and evaluated. A man-
ual search through the bibliography of each of the relevant
articles was also performed to identify potentially missed
eligible papers. Duplicates were removed. The study selec-
tion process carried out in accordance with the PRISMA
flowchart [5, 6], is shown in Fig. 1.

Data collection process
All the included studies were analysed, and the following

data were extracted and are summarized in Table 1: study
design, number of patients, mean age, average number of

and number of records screened
and included

Records identified through
database searching
(n=22)

Additional records identified
through other sources
(n=2)

Identification

J

Records after duplicates removed

(n=19)

] Screening

Eligibility

J

Records screened
(n= 18)

Records excluded
(n=5)

l

Full-text articles
excluded, with reasons
(n=7)

Full-text articles
assessed for eligibility
(n=13)

\4

Studies included in
qualitative synthesis
(n=6)

Included
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Table 1 Analysis of all available included studies concerning the relationship between surgical correction of adolescent idiopathic scoliosis and

return to sport

Study Study design  Patients (n.)  Mean age (yrs)  Averagen.  Mean Mean return to Mean return to

level fused  follow-up school (months)  sport (months)
(yrs)

Fabricant et al. (2012) [7] RS 42 15.1 9,9 5.5 - 74

Tarrant et al. (2014) [8] PCS 77 15.04 12 1 2.5 18

Lonner et al. (2014) [9] RS 38 14.2 9.5 1.5 - 6-12

Perkins et al. (2017) [10] RS 41 - - - 2.5 15

Sarwahi et al. (2015) [11] RS 82 16 12 - 3 6-12

Sarwahi et al. (2018) [12] RS 95 15 11 2 1-6 7-12

Nnumber, Yrsyears, RTSreturn to sport

levels fused, mean follow-up, mean time to RTS, correlation
between surgery and RTS.

Results
Included studies

According to the search performed, a total of six studies
[7-12] met the inclusion criteria and were included for
review. Of these studies, one was a PCS [8] and five were
RS [7, 9-12]. In addition to the analysis of the clinical docu-
ments, five [7, 9-12] of the authors of the included stud-
ies administered post-operative questionnaires to all their
patients: Fabricant et al. [7]used the SRS-22 [13]; Lonner
et al. [9] administered the SRS-22, the Activity Question-
naire for Adults and Adolescents (AQuAA)[14] and a per-
sonalized questionnaire; Sarwai et al. chose a 24-questions
survey in 2015 [11] and the Sport Activity Questionnaire
(SAQ) in 2017 [12]; Perkins et al. [10] used a non-validated
telephone questionnaire. The studies included in the search
reported data on a total of 375 patients. Medium follow-up
ranged from 1 to 5.5 years and medium age at surgery ranged
from 14.2 to 16 years.

Included studies are not homogeneous (or lacking data)
in Lenke distribution of the curves and preoperative Cobb
angle.

Type of surgery

All patients evaluated in the included studies underwent sur-
gical fusion of the thoracic or thoracolumbar spine. Either
posterior (Posterior Spinal Fusion, PSF) or combined (ante-
rior plus posterior) approaches were performed; two studies
[7, 8] included only patients who received PSF, one study [9]
included 36 patients who received PSF and 2 patients who
received a combined approach. The others [10-12] did not
report any data concerning surgical approach. None of the

studies reported data concerning surgical technique (pedicle
screws or hooks, high or low-density constructs).

Regarding the number of fused levels, the included stud-
ies reported a mean value between 9.5 [7] and 12 [8, 11].
Only two studies reported the mean Lower Instrumented
Vertebra (LIV): L2 in Fabricant et al. [7] and L3 in Tarrant
et al. [8] cohort.

Return to school and to physical activity

Four [8, 10-12] of the included studies analysed the mean
time until return to school: they all reported it to be between
10 and 12 weeks. Considering return to sport, the authors
of all the included studies reported a time ranging between
6 months (50-60% of the patients [8, 11, 12]) and 18 months
(>90% of the patients [8, 10—~12]); no statistically significant
difference was reported between contact and non-contact
activities. The percentage of patients who resumed sport
with equal or greater performance (compared to preoperative
condition) varied from 31.7% [12] to 80.6% [9]. However,
between 28% [7] and 36.6% [10] of all patients changed
sport, choosing lower impact activities. Infact, about patient-
perceived physical potential in sport, one study [9] reported
no significant changes, whilst two studies [7, 10] reported
a list of reasons for the choice of changing sport and/or for
the decline in the level of athletic participation: the most
common was the loss of flexibility, followed by pain, fear of
injuries and deconditioning. Moreover, Lonner et al. [9] and
Perkins et al. [10] reported a significantly reduced time spent
in the sport after surgery: the mean hours per week dropped
from a range of 6-10 to a range of 2—4.

No complications due to return to play were noted by
any of the three authors who addressed the problem [7, 11,
12]. The only complication that was directly related to RTS
was an instrumentation pullout without neurologic deficit
in one patient who went snowboarding 2 weeks postopera-
tively [23].

Four [7, 9, 11, 12] of the six included studies reported
some variables to be significantly associated with patients’
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later RTS and/or lower performance: a more distal Lower
Instrumented Vertebra [7, 9-11], the SRS-22 outcomes [7],
the preoperative Lenke value [7], younger age (mean age
14.7 years) [11]. The other two studies [8, 12] found no fac-
tors to delay return to any level of sports.

Discussion

While there is an agreement that individuals who under-
went spinal fusion for AIS can perform maximal-effort sport
movements without inducing an acute injury [15-21], some
controversy still exists surrounding when the patients should
return to sports after surgery [21].

Surgeons and clinicians are often cautious, to avoid a
patient from undergoing spinal trauma during movements
such as rotations and bending [22]. Obviously, their approach
towards allowing a return to sports activity is strongly influ-
enced by the surgical strategy that has been chosen: above
all, length of the fusion and type of implants. In 2002, 271
Scoliosis Research Society members participated in a survey
on sports activities following spinal surgery [21]: nearly half
of them stated distal fusion was a “moderate” to “great deal”
factor in allowing sports after scoliosis surgery. In contrast,
a more recent survey of high-volume surgeons downplayed.

LIV as a factor for RTS [23]. Considering the type of
implants, Lehman et al. [23] in a survey of 23 surgeons
using different types of fixation found pedicle screw instru-
mentation to allow earlier return to noncontact and contact
sports when compared to hooks or hybrid constructs [3, 24].
Certainly, stronger 3-column fixation decreases the risk of
implant dislodgement and migration [12]. Nevertheless,
around 20% of surgeons advise against returning to col-
lision sports, regardless of the instruments used, and the
remainder generally suggest a more cautious recovery (at
least 12 months) [21, 23].

Many reports agree that it is reasonable to consider the
level and extent of spine fusion in the decision to return to
full athletic participation, with greater caution being exer-
cised in cases of lower-level fusions [2, 7, 25]. However,
according to the analysed studies, >90% of the patients
return to sports within the 1% postoperative year [8, 10-12],
regardless of the surgeons’ indications. In particular,
Sarwahi et al. [12] report that 33% of the patients returned
to their respective sport (contact, non-contact and collision
sports) by 12 weeks and 82% by 24 weeks; Tarrant et al. [8]
observed that 51.4% of their 70 AIS patients had returned
to competitive and contact sports by 24 weeks. Therefore,
patients often return to activities much sooner than generally
recommended [12]. Even though the vast majority returns
to activity, some change sport or decrease intensity [7, 10,
11]: while swimming, horseback riding and athletics were
the most popular sports before surgery, gym, cycling and
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swimming were preferred after surgery [10]; in particular,
a decrease has been reported in a number of participants in
cheerleading and gymnastics, activities which require a high
level of truncal flexibility [7, 10, 11].

There is a paucity of studies that evaluate independent
variables that might limit the return to sport after spinal
fusion for AIS. Several factors are responsible: decreased
flexibility, physical deconditioning, fear of injuries and low
back pain have been reported as the most important reasons
[7, 10, 20]. Decreased flexibility and functional limitation
seem to be strongly related to the distal fusion level: Fab-
ricant et al. [7] and Lonner et al. [9] reported a “stepwise
decline” between distal fusion level and rate of return to
same or higher level of activities: in particular, the closer
the fusion gets to L4, the less likely the patient is to return to
sports. On the contrary, some authors [8, 11, 12] didn’t find
any factor delaying return to any level of sports: this may
be due to the fact that teenagers who are motivated to play
sports do not get deterred after surgery and return to play-
ing on their own terms. Infact, some studies [7, 8, 11, 12]
reported that in contrast to return to school, many patients
return to physical activity much earlier than surgeons rec-
ommended. Therefore, it is unknown whether the surgical
intervention is actually responsible for some patients chang-
ing sports or whether this is due to the natural progression
through adolescence, parental influence or some other fac-
tors [12].

In conclusion, according to current evidence, patients
who received spinal arthrodesis for Adolescent Idiopathic
Scoliosis can safely return to any sport, even those that
require extreme levels of spinal and pelvic movements such
as gymnastics and golf; of course, it is important to make
clear that in some cases (especially after long fusions), the
loss of mobility could make it difficult for them to play at
the same level as preoperatively.

The main limitations of the present review are the paucity
of studies that address the topic, the retrospective nature of
many of them and the small and non-homogeneous cohorts
they sampled. As there is little evidence of the spinal loading
that occurs during extreme levels of spinal and pelvic move-
ments, there is lack of scientific evidence-based recommen-
dations or guidelines surgeons and other health care providers
can follow. Moreover, the timing of return to sport and other
activities can be influenced by a number of factors that none
of the studies evaluated, ranging from parental influence to
socioeconomic, medical and psychosocial factors. Therefore,
further prospective comparative studies, with a longer follow-
up period and homogeneous cohorts are needed.

Author contributions Made substantial contributions to the conception
or design of the work; or the acquisition, analysis, or interpretation of
data; or the creation of new software used in the work: FB, AR, MM,



Spine Deformity (2021) 9:1247-1251

1251

MF, AP, GV, CF. Drafted the work or revised it critically for impor-
tant intellectual content: FB, AR, MM, MF, AP, GV, CF. Approved
the version to be published: FB, AR, MM, MF, AP, GV, CF. Type of
contribution: FB (Conception, data interpretation and revision), AR
(Data collection and writing), MM (Data collection), MF (Writing),
AP (Data collection and writing), GV (Data collection and writing),
CF (Supervision and data interpretation).

Funding Open access funding provided by Alma Mater Studiorum -
Universita di Bologna within the CRUI-CARE Agreement.. No fund-
ing was received for this study by National Institutes of Health (NIH),
Wellcome Trust, Howard Hughes Medical Institute (HHMI) or others.

Declarations
Conflicts of interest Authors have no conflicts of interest to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lonstein JE (2006) Scoliosis: surgical versus nonsurgical treat-
ment. Clin Orthop Relat Res 443:248-259

2. Micheli LJ (1985) Sports following spinal surgery in the young
athlete. Clin Orthop 185:152-157

3. Segreto FA, Messina JC, Doran JP et al (2019) Noncontact sports
participation in adolescent idiopathic scoliosis: effects on par-
ent-reported and patient-reported outcomes. J Pediatr Orthop B
28(4):356-361. https://doi.org/10.1097/BPB.0000000000000574

4. Wright A, Ferree B, Tromanhauser S (1993) Spinal fusion in the
athlete. Clin Sports Med 12:599-602

5. Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA state-
ment for reporting systematic reviews and meta-analyses of stud-
ies that evaluate healthcare interventions: explanation and elabora-
tion. BMJ 6(7):¢1000097. https://doi.org/10.1136/bmj.b2700

6. Moher D, Liberati A, Tetzlaff J et al (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med. https://doi.org/10.7326/0003-4819-
151-4-200908180-00135

7. Fabricant PD, Admoni SH, Green DW et al (2012) Return to ath-
letic activity after posterior spinal fusion for adolescent idiopathic
scoliosis: analysis of independent predictors. J Pediatr Orthop
32(3):259-265. https://doi.org/10.1097/BPO.0b013e31824b285f

8. Tarrant RC, O’Loughlin PF, Lynch S et al (2014) Timing and
predictors of return to short-term functional activity in adolescent
idiopathic scoliosis after posterior spinal fusion: a prospective
study. Spine (Phila Pa 1976) 39(18):1471-1478. https://doi.org/
10.1097/BRS.0000000000000452

9. Lonner BS, Ren Y, Rieger M et al (2014) Level of play: return to
sports following surgery for adolescent idiopathic scoliosis. Spine
J 14(11):S48. https://doi.org/10.1016/j.spinee.2014.08.126

10. Perkins C, Moideen AN, Ahuja S (2017) Return to activity and
sports following posterior correction and fusion for adolescent
idiopathic scoliosis. Spine J 17(11):S329-S330. https://doi.org/
10.1016/j.spinee.2017.10.044

11. Sarwahi V, Wendolowski S, Gecelter R et al (2015) Do We under-
estimate the ability of patients to return to physical and athletic
activities after scoliosis surgery? A validated patient questionnaire
based study. Spine J 15(10):S118. https://doi.org/10.1016/j.spinee.
2015.07.090

12. Sarwahi V, Wendolowski S, Gecelter R et al (2018) When do
patients return to physical activities and athletics after scoliosis
surgery? A validated patient questionnaire based study. Spine
(Phila Pa 1976) 43(3):167—-171. https://doi.org/10.1097/BRS.
0000000000002284

13. Asher MA, Min Lai S, Burton DC (2000) Further development
and validation of the Scoliosis Research Society (SRS) Outcomes
Instrument. Spine (Phila Pa 1976) 15:14. https://doi.org/10.1097/
00007632-200009150-00018

14. Chinapaw MJ, Slootmaker SM, Schuit AJ et al (2009) Reliability
and validity of the activity questionnaire for adults and adoles-
cents (AQuAA). BMC Med Res Methodol 10(9):58. https://doi.
org/10.1186/1471-2288-9-58

15. Cox SM, Dingle CR (2011) Adolescent idiopathic scoliosis in a
college golfer. Int J Athl Ther Train 16(2):8-11

16. Jwa Jun KIM, Gui Bin S, Eun Cho P (2015) Effects of Swiss
ball exercise and resistance exercise on respiratory function and
trunk control ability in patients with scoliosis. J Phys Ther Sci
27(6):1775-1778. https://doi.org/10.1589/jpts.27.1775

17. Kakar RS, Li Y, Fu YC et al (2015) Spine kinematics exhibited
during running by adolescent idiopathic scoliosis patients with
spinal fusion. Spine J 15(10):S177

18. Li Y, Kakar RS, Fu YC et al (2014) Pelvic and lower extremity
kinematic analysis of individuals with spinal fusion for adolescent
idiopathic scoliosis during treadmill running. In: Proceedings of
the 7th World Congr Biomech 2014: Boston, MA.

19. Meyer C, Cammarata E, Haumont T et al (2006) Why do idi-
opathic scoliosis patients participate more in gymnastics? Scand
J Med Sci Sports 16(4):231-236

20. Parsch D, Girtner V, Brocai DRC et al (2002) Sports activity of
patients with idiopathic scoliosis at long-term follow-up. Clin J
Sport Med 12(2):95-98. https://doi.org/10.1097/00042752-20020
3000-00005

21. Rubery PT, Bradford DS (2002) Athletic activity after spine sur-
gery in children and adolescents: results of a survey. Spine (Phila
Pa 1976) 27(4):423-427

22. Meyer C, Haumont T, Gauchard GC et al (2008) The practice
of physical and sporting activity in teenagers with idiopathic
scoliosis is related to the curve type. Scand J Med Sci Sports
18(6):751-755

23. Lehman RA, Kang DG, Lenke LG et al (2015) Return to sports
after surgery to correct adolescent idiopathic scoliosis: a survey
of the Spinal Deformity Study Group. Spine J 15(5):951-958.
https://doi.org/10.1016/j.spinee.2013.06.035

24. Bianco RJ, Arnoux PJ, Wagnac E et al (2017) minimizing pedicle
screw pullout risks: a detailed biomechanical analysis of screw
design and placement. Clin Spine Surg 30(3):E226—-E232. https://
doi.org/10.1097/bsd.0000000000000151

25. Cochran T, Irstam L, Nachemson A (1983) Long-term anatomic
and functional changes in patients with adolescent idiopathic sco-
liosis treated by harrington rod fusion. Spine 8:576-584

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/BPB.0000000000000574
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1097/BPO.0b013e31824b285f
https://doi.org/10.1097/BRS.0000000000000452
https://doi.org/10.1097/BRS.0000000000000452
https://doi.org/10.1016/j.spinee.2014.08.126
https://doi.org/10.1016/j.spinee.2017.10.044
https://doi.org/10.1016/j.spinee.2017.10.044
https://doi.org/10.1016/j.spinee.2015.07.090
https://doi.org/10.1016/j.spinee.2015.07.090
https://doi.org/10.1097/BRS.0000000000002284
https://doi.org/10.1097/BRS.0000000000002284
https://doi.org/10.1097/00007632-200009150-00018
https://doi.org/10.1097/00007632-200009150-00018
https://doi.org/10.1186/1471-2288-9-58
https://doi.org/10.1186/1471-2288-9-58
https://doi.org/10.1589/jpts.27.1775
https://doi.org/10.1097/00042752-200203000-00005
https://doi.org/10.1097/00042752-200203000-00005
https://doi.org/10.1016/j.spinee.2013.06.035
https://doi.org/10.1097/bsd.0000000000000151
https://doi.org/10.1097/bsd.0000000000000151

	Resumption of sport after spinal fusion for adolescent idiopathic scoliosis: a review of the current literature
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Eligibility criteria
	Information sources and search strategy
	Study selection
	Data collection process

	Results
	Included studies
	Type of surgery
	Return to school and to physical activity

	Discussion
	References




