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%4 KJOC A a7 *#4 s pfE
1. Ny MZA DR 10 Wy DARE 58 91 NS
9 IRF 22 92
2. NHRIEH] 31 0Lk 10 90 NS
30 73 LA 70 91
3. ERERRH 8 LI 37 93 NS
7 IRFH 43 90
4. TEERR R 7 B LA 17 86 <0.05
8 Igfi DL I 63 92
5. 30 LA AIRASTH] A1 AL 25 38 NS
L 55 92
6. R A 1R 2L 19 90 NS
L 61 91
7. ML T#EXS P RREI 7 87 NS
L 73 91
8. I 2o 3 1ALk 3 97 NS
%L 77 91
9. XWX A1 HLLE 9 90 NS
L 71 91
10. FEWEBW» A1 E LR 12 83 <0.05
ZL 68 92
11. g A 1R 2L 15 91 NS
L 65 91
12 HhORH E1EpLE 3 73 NS
L 77 92
13. BE¥EOLE 3 1ALk 21 87 <0.05
7L 59 93
14. #EREEDOT > & D & 7L 21 86 <0.05
&0 59 93
15. [EAROE B 10 80 <0.05
Bw 70 92
*KJOC A 27 : Kerlan-Jobe Orthopaedic Clinic overhead athlete shoulder and elbow A
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R A iR IRRET R OEFRIR

logical Features of the Medial Meniscus Posterior Root Tears
SfF Hil? Yusuke Kamatsuki Wi #2?  Takayuki Furumatsu
w#% JE—?  Shinichi Mivazawa S #BH?  Takaaki Hiranaka
& EH?  Keisuke Kintaka Bl fir?  Toshifumi Ozaki

@ Key words
Medial meniscus posterior root tear; Painful popping; Body mass index

OEE

AE 2 A AR 2R 24 (medial meniscus posterior root tear : MMPRT) 24 L C pullout 15184l
% WEAT L 72 237 s (P39 65 7%, 1 812%) % MRIEFAMFFMIZOWTHRET L2, BERITS
B0 -2 b L, FELF It wiEo 5w 58413 L L7 Body mass index
(BMD) Tk o, iz 20~25kg/m® BHIL 25~30kg/m® # ¥— 2 & L, BMI k&I
PENIED 5D B EELMA L7z, F72, MMPRT SEFE# & BMLIZEOMBEZ ROz S 512,
painful popping event (X &fK? 789% T, MM R MIE Tl ezt & it L THEIZSE

HHE DR o 72,

= V- N

P A (medial meniscus; MM) FARKIZE (MM
posterior root tear; MMPRT) (&, HEFEHoLMEICS
, BEDOWAIL % EFIC HEERORM R MG % 22
BICREET Y. WiBT 2 & A4 BEEEL Lo #
170 s 38 53848 (spontaneous osteonecrosis of the
knee; SONK) F 7z 13 kg THaE514E S (subchondral
insufficiency fracture of the knee; SIFK) DI&IEIZD %
W0, EICVEEEIEE 109 A N LIRBI BRI 12 B
T 782% D FEBIIZ MMPRT 2 fFFE$ % & b iy S
59 FRAGEE LT, BEIIIEMT ARSI
IOz AS, BAEIEHEMT pullout BEM 2T H NS
X912 % > T&7. MMPRT 2%t % pullout 184514k &
PREEGIE - ST ARSI & o BRIk % i L
TR C, IRl g2 s o0 B BT IR AT 22 2% pullout 1518
MTHRDBAERE Y, 02 BEHRARIRIR S
7240 L L, W RER RIS E T S b 0o Eo
P ARG SR AT R B B REPE 2 LHEAT 70 L EGE TR &
AR IIRIRATAET B

FWHI, FSERF I 22580 2 IR B N IR % 720 5

IO OR AR L, FHZW - BRI ORIF TV I ENEETH S,

painful popping event ®JEH” 25 A TH Y, MRI T
giraffe neck sign® % ghost sigh” 7% & OB 72 A
YEBOWEBWRHE LN LT 2Y. Lrl, 285I1C
BWTMMPRT IR Z2ZEMLITZ L L, fEbh
RFFRBITSNL DL EBIZ, e
O R AR R BRI T oy H R B % s,
SONK (SIFK) DFIEHRIIHO THMEZZ & 2 5 %E
Blb L S 5. Hwang 51X MMPRT H3% & o> MM
Wit g & % el L 7269812 8V ¢, MMPRT 1) A~
W& L Chnis, 2, & body mass index (BMI),
Kellgren-Lawrence (K-L) 78 grade, THAK 7
TA AN, ROAR=VIER L ANV EHSE LY
T LS5 8P MMPRT BEOADHME T L o7
TE TP v RUZEO HEWIEX, MMPRT #£#& 0 iE
K rRET 2L ThH D,

MR ERE

M EE IS T 2018 4E 1 H A 5 20204E 11 H ¥ T2
MMPRT (24 L T pullout 16451k % K17 L 72 247 B
L, Wit FHEAEIE, B TTFHEAE2BRBL0D
T =& RIBE AR/ 237 e xt s e L, & 128

L 1) ®HIESE L 7 — R

T 700-8558 [l ILiTfi L IX FEHINT 2-5-1

Department of Orthopaedic Surgery, Kochi Health Sciences Center

] L2 e B 25 2) BRI

TEL 086-235-7273

Department of Orthopaedic Surgery, Okayama University Hospital
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FF L7z FansE, BRI Ui TR L b
7 v T femorotibial angle (FTA) 180° & {ii, Rosen-
berg 14 T Kellgren-Lawrence 43738 grade 2 LLF % {iii
egHEBlE L7z, A - BREREE, BEOMEITELT
17 - 72" Painful popping event l&, ) I2E%E
ELZ LR - efr - B2 PR L 72, B TEH
W, AT, TGRSR, S PO L7z, MMPRT type (&
LaPrade 53 %" %, SONK stage |3 JE¥F 4346 % F v
72 Ly b VERIT R, BEOWE IS 22T,
MEM BT IC B W T, 2B M B Y RE,
Mann-Whitney U5 %, #H ¥ 2F4fi 12 13 Spearman JIE
REAHBA AR B E 2 F\Vy, p fiE2S 0.05 Rl 0% 6 & = A
Hy kL.

& xR

BEEREZERLIRT. &Aoo 812% (190
) % ho7. FiETFEFERIE, 6628, ZH,S
Fili E TOFEIIMIZ 6953 H (6~310 H) wih
L ZhH 5 14 LLAIZ pullout 18 1E M & 52 17 T w72,
SONK (SIFK) & #tBlid &tk 46% (11 THo
7. BrBETIRHEE, AE BMIZBRWTHEHICAH
EEERRDO Lo, FFHTEOBRERIL, Bk iz
60 EE—27 & L, FlPrLATLIZONTLMEED
HOLEEIZEA LA (K1a). BMI Z & o &KL,
M 20~25 kg/m®, BMIE 25~30kg/m* -2 &
L, BMIZ* ERT 220N TRMED 5 2 E 413
L7 (®1b). F72, MMPRT FESERE (T 4E )
EBMIEFEZADOHBEZ D (K2). —F, pain-
ful popping event £ 789% (187 &) 12780 (£ 2), %
R ORI Z B i TRk O 2R L, BZ - #HEo
Ty, L ERY - B, KTO L3O TEED
787% % 57z (143). MM 4R &4 2 (type 1)
X, ez (type 2-4) & L# L painful popping
PEERAE IR A o 72 (3R 25 p<0.001).

Z £

RFZe T b EE %R Z &1k, MMPRT B&I2B W T
BMI & MMPRT SEF A A ELZEAOMBE A R L2
&, MM BRARER W4 Cldse e lrgd & g L C painful
popping event & ) BHENHEIZKNZ L TH 5.

MM &% MMPRT %§4E (2, meniscotibial ligament
(MTL) OR¥% - BioB527HmE sn"Y 7

B &0 A AR & BE L 22BFFE T, R
s - BMI - iFEEICHFEICHBET A2 Z LR EN
72 Lrzdio T, R LIEIZ% v MMPRT O
A2 G- L T\wb 2 L Iid #2275, BMI O
EVEB T B B A3 A A Em 2SS B4 % 72
® MMPRT Z8HE DRI M & 72 2 MTL O %5 - Blike A
WA ED ) BIZELRLTWEEZLNDL, 2D L)
12 BMI {2 & ) MMPRT 2354E L 29 W BB A8 9 IRe
WE L 2 LS, AR T BMI & MMPRT FSERHTNIC
BOMBEEZ RO LN EIND, 2B, RIZETIE
ZHEP O FME COMFERHLIIVITND 1ERMTH
D, TATEREREE MMPRT JSEFHG & L7z

T2, RWIZETRRZESEEED 812% % K72, G4
RO OWE > L EABT, MMPRT £&0 ) bictk
M5 64.0~909% & % < & HO LD, DL WEHIEH
L& e o TR, KRUFFEIZE VT BMIL 354
LW N—TFT, — iR B e It
i L CREEYED S 5 WS . Lo T,
HIZBWT LR MTL OB - BifEr L DB Led
<, MMPRT A LHEIZFIEL LT V—HIZHh>TWn5D
TREESEZ BN,

AWEFEIZ BT, MMPRT #45 Wr£¢ CF & 12 painful
popping event DFELEFNK D> 72, MMPRT ZHriZH
¥ % painful popping event (L E WEFRE % /R$T— )T
DML T, RIS R ZORENREDO—HTH
LU EEMENEZ LN DL, F@ z, MMPRT FIE 2R
LTHREHSOEAE T 2 IIEREEORBILIZORD
09D 5728, 40 Ll TR - KIED RS 5

1 BEER

EHEB] (n=237) B (n=47) 2 (n=190) pH
B ) 111:126 18:29 93.97 0.30
FE (%) 65+8 63+9 65+8 0.08
SE (m) 1.57=0.09 1.68+0.07 1.54%0.06 <0.001*
#hE (kg) 6313 7814 59+10 <0.001*
Body mass index (kg/m?) 256+4.2 275%40 25.1%4.1 0.001*
ZH~FH (H) 69+53 69+52 68 +53 093
MMPRT type (1/2/3/4) 17/195/1/24 1/41/1/4 16/154/0/20 0.09
SONK stage (0/1/2/3) 226/9/1/1 46/0/1/0 180/9/0/1 0.09
Kellgren-Lawrence grade (0/1/2/3) 0/85/149/3 0/19/28/0 0/66/121/3 0.59
Femorotibial angle (°) 177416 1773+15 1773+ 1.7 0.80
Tibial posterior slope (°) 90+26 93+26 90+26 0.62

T—FE, EBIE 7213 £ e R TR, BRI TR Fp<0.05

MMPRT, medial meniscus posterior root tear; SONK, spontaneous osteonecrosis of the knee
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(b) Body massindex (BMI) #&
CO X o B oo % (%)

100~ 1 100%
R 1 75%
g% 60 F
& { 50%
40 |

00 | 1 25%

o L 0%
15-  20- 25- 30- 35
BMI (kg/m?)

1 BLHIORRAFAREIRMREE ST

Fih (7%)
45 | ‘
Esst L e
()] ° ° 8 ° e °°0 o
x eeee t’: go_ 0 Cceo
_ P STENE 90 °
S 25 | °%° ”°”ﬁsﬁ
o 0 o 8° °o ot B soﬁo Eggwe 68 BRI
° ° oaooo
15 : : ' '
40 50 60 70 80 90
FHh (%)

2 NI A IREBIREI N RIEER & body mass index
(BMI) &DIERIRAR (n=237)
o BEF, SE: BFERy=—018x+
37.278 (p=—0.36, p<0.001).

BBV TIW2 T 5 ICRIEGRE CRBEIE T 5 & T
37 <, BHIC MRIIC X ARBEZRETRETH 5.

ZHIRIIE, BEOMEY L FEBICT Y BEh
(338%) "k b % <, KWwTubL LMD LD
(232%), #A47 217%) L&, HITHETEHED
T87% % 7z, —J7, L =23 ABEL SR Ik
) ZHEix58% TdHh - 7z, FEJE i 30° LLRE T, T
MM #ff - AR BT ~OTWHE %2217 5%, Bk
WA W72 54T7Y 32 L —3 3 YT, MM &5
IR CY - 2 IMEA T 5 2 LR EN

o

(n=167)

st [

(n=40)

2o ETI

(n=207)

0% 20% 40%

BRY SHEMNY - LY =57 migE

% 2 Painful popping event DEI&

Popping (+) Popping(—) B (%)

o wizs (type 1) 7 9% 438
Eil’%ﬁ (type 2-4) 180 21 89.2
*p<0.001

727 L72955C, WD secondary stabilizer & L T4
Fioo &5 12hkRed 2 MM #R1E, HEEEO R TED
B oM K LifEAM IS S, BB - B o
BEAARREEARIL L, DF T & ECRIEZE L -1

W L D RWBEWE 2T AH 2 & T MMPRT 2S385E Y
ék%ﬂéﬂ% ZERERIA O 720121, SHE 5%
LD LIETH 5.

AWFFEIZ1E < D5 O limitation BSFHET 5. & —
(2, pullout 544 % T L 72 MMPRT % O & % x4
ELIBPOSA T ADHIET B 720, EBEITKRIITEHE
REBEHTERWITREMED D 5. KW FE T i painful
popping event % 789% (187 &) 1278®, 662% (157
) 3B 90 H LIS, 81.0% (192 ) »3 4514
180 H LN TN & KidT S L CB ) BVEZSAELE H S
FETHhDH. B, MNEPHEAORTHY, oA
il - R SN O RS 2 BB CRBOR RIS
NBDPARRERETEND.

3.0

60% 80% 100%

Loehia ringk nBAF0ES

3 ZFKR
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¥ & 9

MMPRT pullout 15184if # <\ 72 BED 9 H 812% A%
VT 60 AR b % <, MMPRT %84 4E 5 & BMI

FEOMBEZ D72,

& 512, painful popping event (&

ERD 873% TRE®, MM AR /3 2L CTldse &
& IbE L T/ & 12 painful popping event & 2.8 5 &

DKo 72,

NS ORI L, MMPRT @54

W - BRI ORIT TV ZEDNEETH 5.
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i & B B A PG O RO EEZ S 012§ 5 2 &
Thb.

EG &

XHIE, P2 FFRIC 2016 4E 9 H~2019 4 9 H 1224
a2 Lz 1TRUTOAR-YEFOH) L, L b
42, CT, MRI ZMEH L722EEZ WX 0, e
JEL DI SNIBTIL 283 % T, 209) b¥ v i —#F
49% (B 143+2375%) AWM SEHEE L —
., ATABNF v 7 &fTo /RS Y I —F— L4
2F—2) CHET2ET4M4H0H)L, B EH LD
D, BEEHETHIE L B Z 2L DHDH LD 2
ZEBI U424 (B 135%11%) 2oy ho—
WVEEE L7 FRASTEHE L, AR E L CER, FE,
TR, BiddEs, FEE - FFFEE (HOCHEHICLS D
D) L7 HBMERIIR= V2L L CHERT
HREMERBEERLAY. £72, ARUESEERICEL
TIE, S OB E D L IFmE»Ic2nwTd
B L7 RICIRBIET R A O F kML, NAA MY v
7 D&% L T Straight Leg Raise test (SLR), BRI
SHFG OFEHE & L Heel Hip Distance (HHD), FiEf7
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D FEHE & L € Thomas test Z # (Thomas-t) #* ] &
J2, FERE RBITERAIL 72, FHiS AT 2 5%
2, BIEEEE b 1~3 M THEMH L2, SLR ixft#) T
FHL, 91° Ll E#R 340, 71°~90° % 2 &, T0°LLF % 1
ML L7z, HHD My cebl L, #LEHr#my %
Yt h 3 M, HEEROMHEDT0cm~5 cm K OBE
20, MEEHMOEEESSem M EEC i1k
L7z. Thomas-t &, *5EH G ITHAM & SO O
e KIRSHEEBIZFERL S 2 F CTHREPPZTL S\, R
BT & TR E OV A S B IR T HE S 8 TR BT O £
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Characteristics and Risk Factors of
Badminton Injuries/Pain in Japanese
University Badminton Players

Xiao Zhou
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@ Abstract

Purposes: To investigate characteristics of badminton injuries/pain, and then to assess inju-

ries/pain risk factors in Japanese university badminton players using medical check-up.

Materials and Methods: A questionnaire survey and physical fitness tests of medical check-

up were used. 51 university badminton players (25 males and 26 females) were involved in the

study. Traumatic injuries, gradual-onset injuries, and pain were assessed and categorized.

Results: In total, 280 injuries and pain were reported consisting of 29 traumatic injuries, 46

gradual-onset injuries, and 205 pain. Injury incidence rate was 2.14 per 1,000 athlete-hours of ex-

posures. Shoulder was the most common site of pain. Players with present shoulder pain showed

significantly greater straight leg raising angle and weak balance ability compared with pain free

players.

Conclusion: Among university badminton players, badminton-associated pain was common,

and shoulder was the most common site of pain. Greater straight leg raising angle and weak bal-

ance ability might result in shoulder pain.

Introduction

Badminton is a popular racket sport played by
more than 330 million people worldwide. According to
the Nippon Badminton Association’s member data of
2019, there are 303,743 registered badminton players,
consisting of 23,228 (7.7%) elementary school-aged
players, 86,915 (25.2%) junior high school-aged play-
ers, 116,992 (385%) high school-aged players, 7,167
(2.4%) university players and 69,381 (26.2%) other
players in ]apanD. Badminton requires players to per-
form repetitive overhead motion with upper limbs rota-
tion, trunk rotation, lunge motions, side stepping,

jumps, running and quick directional changes2> while
retrieving a shuttlecock with stroking techniques. Due
to these characteristics of badminton, injuries frequent-
ly occur. In badminton players aged 12-55 years, 74%
of injuries are gradual-onset injuries, and 26% are
traumatic injuries. Injury rates vary from 0.9 to 5.1 in-
juries per 1,000 athlete-hours of exposures > .

Pain is the main manifestation of injuries and thus
generally managed equally as injury. Nevertheless, only
two previous studies of badminton-related pain were
found. One study revealed that among badminton play-
ers aged 14-18 years, 27.6% complained about shoulder
pain and 35.4% complained about lower back pain®.
Another study of overhead players including badmin-
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ton players aged 6-15 years revealed that pain was
most common in foot (17.9%), followed by knee
(14.7%) and shoulder/elbow (9.5%)®. In badminton
players, shoulder was reported to be the most common
injury site of upper limbs® ¥ More than one-third of
badminton players with shoulder pain continued to
play, which might increase the risk of shoulder inju-
ries”. Some studies have used range of motion (ROM),
sit-and-reach test and straight leg raising (SLR) an-
gle to study shoulder injuries in overhead motion play-
ers””, but studies in badminton players using medical
check-up to assess risk factors for shoulder injury/pain
are scarce.

The purposes of this study were to describe the
characteristics of badminton injuries/pain, to assess the
injury incidence, and then to assess risk factors for
badminton injuries/pain using medical check-up in Jap-
anese university badminton players.

Materials and Methods

From August 2018 to March 2019, 52 university
badminton players (26 males and 26 females) who
participated in the national tournament of Japan were
investigated. This study was approved by Ethical Com-
mittee of the Graduate School of Arts and Sciences, the
University of Tokyo, Japan (Notification Number 602-
2 July 26, 2018). All the design complied with the dec-
laration of Helsinki. Informed consent forms written by
all the participants have been obtained.

Data was collected by a self-reported question-
naire and physical fitness tests of medical check-up
from all the 52 participants. The questionnaire asked
for information including gender, age, height, weight,
body mass index (BMI, calculated by height and
weight), badminton experience, training hours of per
day, training days of per week, warm-up, and injury/
pain histories related to badminton in the past one
year. We used training hours per day and training days
per week to collect training volumes, and training hour
(playing exposure hour) was defined as time (without
warm-up and cool-down time) of badminton skills or
physical condition training under supervision of the
coach. Injuries/pain were recorded in regard to ana-
tomical sites. The anatomical sites were presented us-
ing a picture showing body parts consisting of shoulder,
elbow, hand, lower back, thigh, knee, leg, Achilles ten-
don, ankle, and foot. All the injuries/pain were specifi-
cally reported regarding type of injury/pain (traumatic
injury, gradual-onset injury, pain), cause and mecha-

BURSEEVOL42 NO.1,2022 41

nism of injury/pain, and current pain status. Partici-
pants were also asked to answer this question “Do you
have any shoulder pain now?".

Based on the previous studies”*'”

, the physical fit-
ness tests of medical check-up were operated to exam-
ine handgrip strength, heel buttock distance (HBD),
straight leg raising (SLR) angle, balance ability and
shoulder and trunk ROM. A digital hand dynamometer
(N-FORCE, Wakayama, Japan) was used to measure
handgrip strength. Measuring capacity of the digital
hand dynamometer is 0-90.0 kg with sensitivity of 0.1
kg.

An orthopedic surgeon with more than 20 years of
experience, and a sports medicine doctoral student per-
formed the physical fitness tests of medical check-up.
Firstly, the participant stood on a yoga mat and hand
grip strengths on both sides were measured with the
digital hand dynamometer. Next, muscles tightness of
lower limbs was evaluated by HBD (quadriceps femo-
ris flexibility evaluation) and SLR (hamstrings flexibil-
ity evaluation). The participant lied prone on the mat
and kept the pelvis flat to the ground. The examiner
slowly flexed the participant’s knee to the maximum
the heel could approach the buttock. The distance be-
tween the heel and the buttock was measured and re-
corded as HBD. Then, with the participant in supine
position on the mat, the examiner slowly raised the
participant’s leg with knee extended. The examiner
kept raising the participant’s leg until the participant
could not continue because of pain or tightness in the
posterior leg (hamstrings). The examiner measured
the angle of start-stop point and recorded it as SLR
angle.

The time of balance on one leg (balance ability)
was measured by single leg stance. When the test
started, participants crossed arms over chest, then
stood with one leg as long as they could while lifting
another leg with hip flexion of 90° and eyes closed. The
test stopped if anyone of the following scenarios hap-
pened: (1) open eyes, (2) move the stance leg, (3)
the lifted leg touch the stance leg or the yoga mat. Par-
ticipants were allowed at most 3 trials on each leg and
the longest time of each leg was selected and recorded
as balance time.

In shoulder ROM evaluation, internal rotation (IR)
and external rotation (ER) in both sides of shoulders
were measured. The participant was in supine position
on a standard examining table, with straight legs, 90
degrees shoulder joint abduction, and 90 degrees elbow
joint flection. The examiner stabilized the scapula and
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placed forearm in neutral position, then pushed the
forearm anteriorly (IR) and posteriorly (ER) while
rotating the humerus to produce maximum passive IR
and ER. The second examiner measured the angles of
IR and ER at the point of tightness in which no more
glenohumeral motion would happen without movement
of the scapular.

Finally, trunk flection, extension and rotation were
measured. The participant stood in an upright position
with knees extended, progressively bent forward/back-
ward the trunk with chin up and chest out as far as
possible. The angle between the vertical line and the
trunk bending forward stop-point was measured and
recorded as trunk flection. The angle between the ver-
tical line and the trunk bending backward stop—point
was measured and recorded as trunk extension. Then,
the participant was asked to sit on the yoga mat with
crossed legs, keep the trunk in an erect upright pos-
ture, and cross arms in front of chest. The participant
was then instructed to rotate to the right/left as far as
possible. The examiner measured the angles of start-
stop point.

An injury was defined as any physical complaint
sustained during badminton match or training causing
one or more of the three judgement criteria as follows:
(1) have to stop the current badminton match or
training immediately, (2) cannot presence in subse-
quent badminton match or training, and (3) require
medical attention with time loss. Injuries were catego-
rized into traumatic injuries which has acute onset, and
gradual-onset injuries defined by chronic physical com-
plaint without acute and traumatic injuries. Pain was
defined as any physical painful complaint or discomfort
with sustained badminton capacity. After excluding
lacking data (n=1), 51 participants of 25 males and 26
females were included in this study.

Distributions of injuries/pain associated with bad-
minton and injury incidence rate were described. The

injury incidence rate of badminton injuries was calcu-
lated as per 1,000 athlete-hours of exposures, with 95%
confidence interval (CI) using Poisson distribution.
The injury incidence rate of per 1,000 athlete-hours of
exposures is calculated as follows:

Injury rate per 1,000 athlete-hours of exposures =
[~ (No. of injuries) /T {(No. of participants) x (hours
of training) | ] % 1,000.

We used Shapiro-Wilk test to examine normality
of basic parameters. Independent-samples (—test,
pair-samples ¢t-test, Mann-Whitney U-test and Wilcox-
on's rank-sum test were used for data analysis. Com-
parisons of the prevalence of injuries between male
and female badminton players were analyzed using
Fisher’s exact test. A p value less than 0.05 was consid-
ered statistically significant.

A prior statistical power analysis was performed
to calculate the sample size by referring to the inci-
dence of present shoulder pain reported among world—
class badminton players. We therefore require at least
25 badminton players to satisfy our requirements of
having a 90% power of demonstrating a difference be-
tween badminton players with present shoulder pain
and those without that is significant at the 5% level, if
the true preference incidence for present shoulder pain
is as high as 20%" .

Results

Data on characteristics of the participants are
shown in Table 1. Overall, 35086.67 training hours
(male: 16606.67 hours; female: 18480.00 hours) of expo-
sures were recorded. All the participants have also
been divided into two groups by gender. There were
significant differences in height (male vs female: 171.0
+54cm vs 1599+44 cm, p<0.001) and weight (male
vs female: 64.7%6.1 kg vs 55.7%5.3 kg, p<0.001) be-
tween male and female badminton players. No differ-

Table 1 Characteristics of surveyed university badminton players

Demographics Total (n=51) Male (n=25) Female (n=26) p-value
Age (year) 19.76 +£1.19 1992+1.12 19.62+1.27 >0.05
Height (cm) 16534+ 744 17104 +£5.35 159.85+4.42 <0.001
Weight (kg) 60.15+7.24 64.74+6.11 55.73+£5.27 <0.001
BMI 21.95+1.59 2212+163 2179156 >0.05
Experience (year) 11.16 257 10.56 = 3.04 11.73+191 >0.05
Hours/day 331049 3.19+0.39 342+0.56 >0.05
Days/week 5.22+0.60 520+0.75 5.23+0.43 >0.05
Total hours/week 17.20+2.76 16.61 = 3.08 17.77+234 >0.05
Total Hours 35086.67 16606.67 18480.00

Values are mean * standard deviation. BMI: body mass index
p-value: differences between male group and female group
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ences of age, BMI, badminton experience, training
hours of per day, training days of per week and train-
ing hours of per week were found between male and
female badminton players.

Among all the 51 participants, 45 participants (20
males and 25 females) experienced badminton injuries,
and 7 male and 22 female players experienced traumat-
ic injuries. In total, 280 injuries and pain were reported
consisting of 29 traumatic injuries, 46 gradual-onset in-
juries, and 205 pain (Figure 1). Male badminton play-
ers sustained 7 traumatic injuries, 24 gradual-onset in-
juries, and 109 pain while female badminton players
sustained 22 traumatic injuries, 22 gradual-onset inju-
ries, and 96 pain. The overall injury incidence rate per
1,000 athlete hours of exposures was 2.14 (95% CIL:
1.65-2.62). Injury incidence rate per 1,000 athlete hours
of exposures for all the participants broken down by
gender was 1.87 (95 % CI: 1.21-252) in male badmin-
ton players, and 2.38 (95% CI: 1.68-3.08) in female
badminton players. In addition, injury incidence rates
per 1,000 athlete hours of exposures for traumatic inju-
ries and gradual-onset injuries were 0.83 (95% CI:
0.53-1.12) and 1.31 (95% CI 0.93-1.69), respectively.
Injury incidence rate per 1,000 athlete hours of expo-
sures for traumatic injuries was 042 (95% CIL 0.11-
0.73) in male badminton players versus 1.19 (95% CIL
0.69-1.69) in female badminton players. The odds ratio
(OR) for traumatic injuries of the comparisons of fe-
male players versus male players was 1056 (95% CI

2_
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Figure 1 The number of traumatic injuries, gradu-
al-onset injuries, and pain incidence in the
university badminton players.

2.89-3850, p<<0.001) (Figure 2).

The distribution of anatomic injury/pain sites of
the participants broken down by gender is shown in
Figure 3 and Table 2. In male badminton players, the
most frequent injuries/pain sites were localized in low-
er back (14.3%), followed by foot (12.9%), knee
(128 %), shoulder (121 %) and ankle (121 %). In fe-
male badminton players, the most frequent injuries/
pain sites were localized in ankle (18.6%), followed by
lower back (179%), knee (129%), shoulder (12.1%)
and thigh (10.7%). Overall, the most frequent site of
pain was localized in shoulder (28 cases) among all
the participants. Injury incidence rate per 1,000 athlete

p<0.001

08 -

04 -

Incidence rate of traumatic injuries

male

female

Figure 2 The injury incidence rates per 1,000 athlete-hours of exposures for
traumatic injuries in the university badminton players. The error bars
represent 95% confidence intervals for the Poisson distribution.
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Figure 3 The distribution of traumatic injuries, gradual-onset injuries, and pain
in the university badminton players broken down by gender.

Table 2 Distribution and injury incidence of injuries and pain related to badminton

) Total Male (n=25) Female (n=26)
Body sites - 3 ; ’ ;
N (%) Injury rate N (%) Injury rate Pain (%) N (%) Injury rate Pain (%)
Shoulder 6 (80) 0.17 (0.03-0.31) 3 (97) 0.18 (0.00-0.39) 14 (12.8) 3 (68) 0.16 (0.00-0.35) 14 (14.6)
Elbow 5 (6.7) 0.14 (0.02-0.26) 2 (65) 0.12 (0.00-0.29) 11 (10.1) 3 (68) 0.16 (0.00-0.35) 8 (83)
Hand 5 (6.7) 0.14 (0.02-0.26) 1 (31 0.06 (0.00-0.18) 8 (73) 4 (9.1) 0.22 (0.00-0.43) 7 (73)
Lower back 15 (200) 043 (021-065) 10 (323) 060 (023-098) 10 (9.2) 5 (114) 027 (003-051) 17 (17.7)
Thigh 6 (8.0) 0.17 (0.03-0.31) 2 (65) 0.12 (0.00-0.29) 11 (10.1) 4 (9.1) 022 (0.00-043) 11 (115)
Knee 16 (21.3) 046 (0.23-0.69) 6 (194) 036 (007-065) 12 (11.0) 10 (227) 054 (0.21-0.88) 8 (83)
Leg 2 (27) 0.06 (0.00-0.14) 1 (31) 0.06 (0.00-0.18) 6 (55) 1 (23) 0.05 (0.00-0.16) 9 (94)
Achilles tendon 1 (12) 0.03 (0.00-0.08) 0 (0.0) 0.00 (0.00-0.00) 8 (73) 1 (23) 0.05 (0.00-0.16) 8 (83)
Ankle 14 (187) 040 (0.19-0.61) 3 (97) 0.18 (0.00-039) 14 (128) 11 (250) 060 (0.24-0.95) 5 (52)
Foot 5 (6.7) 0.14 (0.02-0.26) 3 (97) 0.18 (0.00-0.39) 15 (139) 2 (45) 0.11 (0.00-0.26) 9 (94)
hours of exposures for shoulder injuries was 0.17 (95% »<0.05).
CL 0.03-0.31).
Regarding present shoulder pain status, the partic- Discussion

ipants who only had present shoulder pain were as-
signed into the present shoulder pain group, and the
participants who did not have any present shoulder
pain were assigned into the pain free group. Table 3
shows data on handgrip strength, HBD, SLR, balance
ability, shoulder ROM and trunk ROM between the
two groups. Comparing to the pain free group, signifi-
cant differences of SLR angle between both sides (dom-
inant: 90.7° vs 82.4°, p<<0.05; nondominant: 89.6° vs 81.4°,
»<0.05) were detected in the present shoulder pain
group. The present shoulder pain group showed signifi-
cantly weaker balance ability on the nondominant side
than the pain free group (25.6 seconds vs 45.9 seconds,
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In this study, we investigated epidemiology of inju-
ries/pain associated with badminton and assessed
physical fitness in Japanese national tournament level
university badminton players using medical check—up
and questionnaire. The vital findings were as follows:
(1) regardless of gender, badminton injuries/pain fre-
quently occurred in lower limbs, lower back, and shoul-
der. Compared with male university badminton players,
female university badminton players were more sus-
ceptible to traumatic injuries, (2) greater SLR angle
and weak balance ability might be risk factors for bad-
minton injuries in university badminton players.
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Table 3 Comparisons of physical fitness variables between present shoulder

pain group and pain free group

Present shoulder pain (n=16)

Pain free (n=235)

Variables - 3 ’ .
dominant nondominant dominant nondominant

Handgrip strength (kg) 400=87"" 339+85 368+99"" 31.1+84
HBD (cm) 23+42 26+51 14+30 1.3%30
SLR (°) 907 +14.3* 806+17.7* 824+116 814116
Balance (s) 539+483" 265+267* 433+30.1 459+373
IR (°) 81.3+195"" 886+138 758+125"" 832+132
ER () 1175+125 1134=125 1161+7977 1107 +82
Trunk rotation (°) 679+10.3 69.6+7.0 735+106 72.1+83
Trunk flexion (°) 946+15.3 922+144
Trunk extension (°) 396+11.3 362+59

Values are mean * standard deviation

HBD: heel buttock distance, SLR: single leg raising

*p value <0.05 between present shoulder pain group and pain free group
"p value <0.05 between dominant side and nondominant side

"p value <001 between dominant side and nondominant side

Past study in Japanese badminton players which
included university players aged 19-22 years reported
that injury incidence rate per 1,000 training hours of
exposures of female badminton players (5.1 injuries
per 1,000 hours) was significantly greater than male
badminton players (2.5 injuries per 1,000 hours). Grad-
ual-onset injuries occurred about 3 times more fre-
quently than traumatic injuries4> . In this study of Japa-
nese university badminton players at 18-22 years of
age, the injury incidence rate per 1,000 training hours
of exposures in female players (2.38 injuries per 1,000
hours) was slightly higher than male players (1.87 in-
juries per 1,000 hours) without significant differences,
which is not in line with the previous study. Unbal-
anced number of male (50 players) and female players
(7 players) of the previous study might explain the
discrepancy between the present study and the previ-
ous study. Gradual-onset injuries (46 cases) were
more than traumatic injuries (29 cases) in this study,
which is in line with the previous study. Moreover, we
found that female players were more likely to suffer
traumatic injuries than male players, which might indi-
cate that female gender is a risk factor of badminton
traumatic injuries.

Regarding injury sites, there are some controver-
sies among previous studies. In lower limbs, some
study reported that ankle was the most common injury
11,12)

site while other studies reported that knee was the

most common injury site?. In upper limbs, shoulder® &
was reported to be the most common injury site in
some studies while another study reported elbow'. In
addition, trunk injuries were recognized as the second
most common in badminton players aged 13-16 years™

while others reported that the injury incidence of trunk

much lower?® 2,

In this study, the most frequent injured site was
the knee (16 cases; traumatic injuries 31.3%, gradu-
al-onset injuries 68.7%). Lower back was the second
most frequent site (15 cases), ankle was the third
most frequent site (14 cases) and shoulder came the
fourth (6 cases).

In regard to pain associated with badminton, in
this study, 54.9% of all the participants experienced
shoulder pain, and 529% experienced lower back pain
which were more than previous studies of badminton
aged 14-18 years (shoulder pain: 27.6%, lower back
pain: 354%)°. In addition, we found that shoulder pain
was the most frequent (28 cases, 13.7%) of all the
pain cases. Lower back pain came the second (27 cas-
es), followed by foot pain (24 cases), and thigh pain
(22 cases). These findings are different from the previ-
ous study which reported that foot was the most fre-
quent pain site, knee pain ranked the second and shoul-
der/elbow came the third in badminton players aged
6-15 years®.

Pain is the pre-stage and one of the main symp-
toms of injury. The longer pain persists, the more op-
portunity it has in transforming into a chronic form

W Therefore, in this

that may disturb functional ability
study, we focused on the most common pain site,
which is the shoulder. To identify risk factors of bad-
minton injuries, we used several methods of medical
check-up including handgrip strength, HBD, SLR, sin-
gle leg stance and shoulder and trunk ROM, to exam-
ine differences in physical fitness between the partici-
pants with present shoulder pain and those without.
Greater SLR angle, which shows extra hamstrings flex-
ibility, and weak balance ability have been found that
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might produce shoulder pain.

Badminton forehand overhead stroke motion, re-
ferred to as a kinetic chain, is similar to a full throwing
motion which requires multi-limb coordination and bal-
ance ability to perform body core mass shift, trunk ro-
tation and upper limb rotation simultaneously. The
complex mechanics of the overhead motion could gen-
erate tensile stress on the shoulder through dissipating

5 Deficits in kinetic chain, l.e., Im-

excess momentum
proper trunk rotation sequences could alter stress in
shoulder joint and ultimately result in shoulder injury
and pain'?.

Additionally, the hamstring muscles cross and act
upon pelvis joint and knee joint that semimembranosus
muscle and semitendinosus muscle help in hip rotation
as well as knee bend and inward rotation. When the
hamstring muscles become tighter, hip movements are
restricted'”. Decline in the flexibility of the hamstring
muscles and restricted in the hip rotation, resulting in
abnormal kinetic chain, has been revealed to be associ-

819 Thus, we speculated that

ated with shoulder pain
when the hamstring muscles become weaker, hip com-
pensations are increased leading to disturbance in the
kinetic chain which affects the energy transfer from
lower limbs to upper limbs. The malfunctioned kinetic
chain creates an intermittent load that has to be com-
pensated for by shoulder movement which causes
present shoulder pain. Balance ability is a crucial factor
in the process of maintaining the body’s center of grav-
ity. Balance control is fundamental to the execution of
smooth and coordinated neuromuscular action that in-
volves displacement of body segments or the entire
bodym. Weaker balance ability is the result of abnor-
mal kinetic chain. Improper coordination of the abnor-
mal kinetic chain causes improper overhead techniques.
The improper overhead techniques which are risk fac-
tors for injuries alter the load in the shoulder joint'® or
result in upper limbs deviation. Based on these assump-
tions, we speculated that extra hamstrings flexibility
and weak balance ability might result in shoulder pain
in badminton players who need perform repetitive
overhead movements.

Our result might indicate that injury prevention
should focus on improving and maintaining physical fit-
ness, such as strengthening hamstring muscles and bal-
ance ability by neuromuscular training programs. So
far, no such studies on badminton injury prevention
measures have been found. Such neuromuscular train-
ing programs have been reported to be effective in en-
hancing physical fitness and reducing shoulder injury
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in other sports players. The 10-week plyometric train-
ings on balance improved the static balance ability of

19 Regarding hamstring muscles train-

handball players
ing, a Nordic method of FIFA 11+ program was effec-
tive in improving hamstrings tightness and reducing
hamstrings injuries in previous studies of baseball”. Tn
the future, the studies are needed to investigate the ef-
fectiveness of training programs in enhancing and
maintaining physical fitness of hamstring muscles and
balance ability to reduce and prevent badminton inju-
ries.

This study has some limitations. First, this study is
a retrospective study with a self-reported question-
naire, thus more prone to recall bias. Second, injury se-
verity (minor, moderate, severe) and time to return
to badminton play have not been investigated. Third,
extra hamstrings flexibility might result in shoulder
pain, however, the threshold range of SLR angle has
not been studied. Moreover, the range of SLR angle of
badminton players with different age and gender might
be different, future studies of hamstrings flexibility in
female and male badminton players broken down by
age are needed. Finally, although significant differences
in SLR and time of single leg stance were found be-
tween the two groups, the significant differences might
also be caused by the residual effects of a history of
badminton injuries. The result of interventional study
of training programs in enhancing physical fitness of
hamstring muscles and balance ability might clarify
this question.

Conclusion

This study provided an insight into badminton in-
juries/pain, and risk factors of badminton injuries/pain
in Japanese national tournament level university bad-
minton players. Around 90% of the university badmin-
ton players aged 18-22 years suffered from at least one
badminton injuries, mostly involving lower limbs and
lower back. Female university badminton players were
more susceptible to traumatic injuries. Pain associated
with badminton was common, and shoulder was the
most common pain site. We found that extra ham-
strings flexibility and weak balance ability might pro-
duce shoulder pain in the university badminton players.
These findings have the potential to help target the
most at-risk region, and to help improve and maintain
targeted physical fitness for injury/pain free badminton
participation.
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Conservative Treatment of Lumbar
Spondylolysis in Young Athletes
Early Athletic Rehabilitation Focusing
on Core Training did not Exert an Effect
on Bone Healing
Especially in Early Stage, which the

Defects were Still Incomplete Separation
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@ Abstract

Purpose: We thought that early athletic rehabilitation focusing on core training does not exert
an effect on bone healing for lumbar spondylolysis. This study aimed to investigate the bony heal-
ing rate and the period for our conservative treatment.

Subjects and Methods: We examined young athletes (age <18 years), who visited one institu-
tion between April 2013 and March 2016, with the chief complaint of lumbar pain, and who were
diagnosed with lumbar spondylolysis.

Results: A total of 97 young athletes with lumbar spondylolysis that included 132 pars inter-
articularis were enrolled. The bony healing rate and the healing period was 93.1% and 3.3 months
in early stage, and 56.7% and 5.4 months in progressive stage, respectively.

Conclusions: Especially in the early stage which the defects were still incomplete separation,
early athletic rehabilitation focusing on core training did not exert an effect on bone healing.
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Introduction

Lumbar spondylolysis results from a stress frac-
ture that occurs as a result of repeated load placement
on the lumbar pars interarticularis owing to sporting
or similar activities during the growth phaselfg)l If lum-
bar spondylolysis is diagnosed early and is in the early
or progressive stage, patients can attain bony healing
for conservative treatment’®. However, to attain bony
healing, sporting activities should be discontinued for
3-6 months, which poses a challenge for athletes that
could result in decreased performance and loss of a
regular position. Thus, the young athletes typically
want to restart exercising as soon as possible, and to
demonstrate sufficient performance right after the re-
turn to the sports, and to prevent any recurrence.
However, the extent to which exercise can be allowed,
and how quickly the patient can return to sports with-
out exerting a harmful impact on bony healing remain
unclear. This study aimed to investigate the bony heal-
ing rate and the healing period for conservative treat-
ment of lumbar spondylolysis and the impact of athletic
rehabilitation on bony healing.

Materials and Methods

In this study, we examined young athlete (elemen-
tary school children to adolescents, age <18 years),
who visited the Sports Medical Center in Obihiro Kyo-
kai Hospital (Obihiro city, Hokkaido, Japan), between
April 2013 and March 2016, with the chief complaint of
low back pain, and who were diagnosed with lumbar
spondylolysis. The study cohort only comprised pa-
tients with single-level spondylolysis. We excluded pa-
tients with multi-level spondylolysis which affected
two or more vertebral arches.

To diagnose lumbar spondylolysis, all patients with
the chief complaint of lumbar pain lasting more than 2
weeks, and severe back pain that made it difficult to
continue sports at the initial examination underwent
lumbar radiographic imaging (standing position, four
directions: frontal, lateral, anteflexion, and retroflexion)
and lumbar computed tomography (CT) (Toshiba,
Aquillion, slice thickness 2 mm). For lumbar CT, we
recreated sagittal and oblique axial images along the
vertebral arches and evaluated the presence or ab-
sence of the pars defect. To ensure that we did not
miss the defect, we paid attention to the defect occur-
ring from the ventral side of the lamina”. We per-
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formed additional lumbar magnetic resonance imaging
(MRI) (Toshiba, Vantage Titan 3T) on patients in
whom the pars defect was revealed on a lumbar radio-
graph or CT, and even if the pars defect was absent on
lumbar CT imaging, we performed lumbar MR imaging
on patients with spinous process tenderness or lumbar
extension pain. We evaluated the presence or absence
of bone marrow edema at the pedicle presenting as hy-
pointense signals on T1-weigheted images, and hyper-
intense signals on T2-weigheted images, and T2
fat-suppressed images. Bone marrow edema at the
pedicle can be regarded as a stress reaction on the
lamina; therefore, its presence indicates early onset
spondylolysis”. We used these images to diagnose and
classify the stage of lumbar spondylolysis based on a
modification of the categorizations used by Fujii and
Sairyo™ © Y We performed staging of each pars defect
as follows: Among the pars defects exhibiting bone
marrow edema in the adjacent vertebral pedicle, the
defect limited to the ventral side of the vertebral arch
and bony continuity on the dorsal side (incomplete
separation) in CT sagittal images were considered in
the early stage, and the defect extended to the dorsal
side of the vertebral arch (complete separation) were
considered in the progressive stage. Among the pars
defects without bone marrow edema in the pedicle, the
defects were confirmed that the separation has
reached the dorsal side of the vertebral arch (com-
plete separation) and checked whether the edge of the
separation has sclerosed or rounded in CT sagittal im-
ages. In CT images, not sclerosed or sharp margin of
the edges were considered in the progressive stage
and sclerosed or rounded margin of the edge were con-
sidered in the terminal stages (Figure 1).

We implemented athletic rehabilitation directly af-
ter diagnosis to facilitate early return to sports, pre-
vent decreased performance after returning to sports,
and prevent any recurrence. Specifically, our method
comprised the following steps: (1) temporarily discon-
tinuing participation in sports and implementation of
athletic rehabilitation focusing on core training; (2) us-
ing a soft night orthosis for sports as a soft trunk cor-
set (night orthosis for sports: MAXBELT S3 [Nippon
Sigmax Co., Ltd., Tokyo, Japan] ; (3) engaging in light
exercise, such as jogging, when the spinous process
tenderness in the abdominal position and lumbar exten-
sion pain disappeared; and (4) allowing patients to re-
turn to sports upon confirming bone formation on CT,
even if complete bony healing was not observed (Fig-
ure 2). The orthosis was removed once patients could
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Figure 1

Progressive stage

Bone formation

Sagittal plane
hypointense signal on
T1-weigheted image

Axial plane:
hyperintense signal on
T2 fat-suppressed image

X-P, CT and MRI stage classification for spondylolysis

Bony healing

Figure 2 Bony healing process for the pars of spondylolysis on CT sagittal imaging. (A)
The pars defect extended to the dorsal side of the vertebral arch (complete sepa-
ration) and the edge is not sclerosed, so considered in progressive stage. (B)
Bone formation is confirmed at the pars defect. It occurs from the dorsal side to
ventral side of the vertebral arch, which in the opposite direction of the developing
separation. (C) Bony healing is confirmed at the pars defect.

engage in sports at the maximum intensity with no low
back pain.

The order of athletic rehabilitation was as follows:
(1) increasing thoracic and hip mobility by stretching;
(2) activating deep trunk muscles with abdominal
draw-in; (3) implementing core stabilization exercises,
such as abdominal curls, bird-dogs, side-bridges, and
back-bridges, to stabilize the spinal column, and pro-
mote segment movement of the spine with the

50

cat-camel exercise''?.

We used lumbar CT to evaluate bony healing and
performed imaging on only the affected vertebrae once
every 1-2 months, with by follow-up monitoring until
bony healing was achieved or pseudarthrosis was ex-
hibited. Because bony healing of the most ventral side
of the vertebral arch is typically delayed, we consid-
ered bony healing to have occurred if at least 75% of
the vertebral arch had attained bony healing.
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Table 1 Characteristics of 97 Patients, 132 vertebral arches

Number (Patient) Percentage
+ School Elementary 14 14.4%
Junior high 55 56.7%
High 28 289%
- Sex Male 72 74.2%
Female 25 25.8%
- Separation site Unilateral 49 50.5%
Bilateral 48 49.5%
- Separation site level L2 2 2.1%
L3 4 41%
L4 26 26.8%
L5 65 67.0%
Number (Vertebral arches)
- Stage classification Early 102 77.3%
Progressive 30 22.7%

We implemented treatment that aimed for bony
healing in the early and progressive stage, and pain
management in the terminal stage. Regarding the pa-
tients in the terminal stage, athletic rehabilitation was
implemented, and a return to sports was allowed once
the patient’s pain disappeared. We investigated the out-
comes of conservative treatment (the bony healing
rate and bony healing period) in patients with lumbar
spondylolysis in the early and progressive stage with
regards to school year, sex, separation site (unilateral
or bilateral), separation site level (L2 and L3, L4, or
L5), and stage classification (early, progressive).

Statistical Analysis was performed with IBM SPSS
Statistics ver. 24.0 (IBM Corp., Armonk, NY, USA).
The Fisher's exact test and Student’s t-test were used
for comparison between the two groups, and one-way
ANOVA and Tukey-Kramer method were used for
comparison between the three groups, and p values of
<0.05 were considered statistically significant.

This study was approved by the Ethics Committee
of the Obihiro Kyokai Hospital (Obihiro city, Hokkaido,
Japan). The approval number is “Obi-Kyokai 2015-16".

Results

In this study, 107 patients who were younger than
18 years (72 males and 25 females) were diagnosed
with single-level lumbar spondylolysis, which were in
the early or progressive stage. Of these, we implement-
ed athletic rehabilitation with follow—up monitoring in
97 patients (mean age 14.2+2 years), including 132
vertebral arches. The follow-up rate was 90.7%, and
the mean follow-up period was 189.3% 93.2 days. Re-
garding separation sites, 49 patients showed unilateral

and 48 showed bilateral. For separation site level, 2 pa-
tients showed L2, 4 showed L3, 26 showed L4, and 65
showed L5. A total of 102 vertebral arches were classi-
fied as early, and 30 were classified as progressive (Ta-
ble 1).

The bony healing rate was 625% in elementary
school students, 89.7% in junior high school students,
and 85.4% in high school students. The bony healing
rate was significantly lower in elementary school stu-
dents compared to junior high school students (P<
0.05). The bony healing rate was 84.0% in males and
875% in females, exhibiting no significant difference
between the sexes. The bony healing rate was 93.9%
for unilateral separation and 79.5% for bilateral separa-
tion. The bony healing rate was significantly higher in
unilateral compared to bilateral separation (P<0.05).
Regarding the separation site level, the bony healing
rate was 85.7% in L2 and L3, 925% in L4, and 81.2%
in L5, demonstrating no significant difference between
the groups. The bony healing rate was 93.1% in the
early stage, and 56.7% in the progressive stage. Thus,
the bony healing rate was significantly higher in the
early compared to the progressive stage (P<001; Ta-
ble 2).

Overall, the bony healing period was 112.7+53.7
days in this study. The bony healing period was 145.0
+51.4 days in elementary school students, 113.7+62.8
days in junior high school students, and 100.6 £32.5
days in high school students. Thus, the period until the
occurrence of bony healing was significantly longer in
elementary school students than in high school stu-
dents (P<0.05). The bony healing period was 1156 =
56.9 days for males and 103.6 =41.5 days for females,
revealing no significant difference. The bony healing
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Table 2 The outcomes of conservative treatment (the bony healing rate and

period)
Bony union Numbar Bony healing period
rate (union/Total) (mean =SD)
- School Elementary 62.5% (10/ 16)] % 145.0+514
Junior high 89.7% (61/68) 1137+628 |[*
High 85.4% (41/48) 100.6 =325
- Sex Male 84.0% (84/100) 1156+56.9
Female 87.5% (28/32) 1036415
- Separation site Unilateral 93.9% (46/ 49)] % 1070474
Bilateral 79.5% (66/83) 116.1 £58.0
- Separation site level 123 85.7% (6/7) 101.1£396
14 925% (37/40) 99.4+36.2
L5 81.2% (69/85) 119.9+60.2
- Stage classification Early 93.1% (95/ 102)] % % 98.6+34.2
Progressive 56.7% (17/30) 160.7+76.5
- Total 84.8% (112/132) 112.7+53.7

SD, standard deviation, * p<<0.05, * % p<<0.01.

period was 107.0£47.4 days in unilateral separation
and 116.1 £58.0 in bilateral separation, indicating no
significant difference. The bony healing period accord-
ing to separation site level was 101.1 =39.6 days for L2
and L3, 994 £36.2 days for L4, and 1199+60.2 days for
L5 revealing no significant difference. The bony healing
period by stage classification was 98.6=34.2 days (3.3
months) in the early stage, and 160.7 =765 days (5.4
months) in the progressive stage. Thus, the bony heal-
ing period was significantly shorter in early stage com-
pared to progressive stage (P<0.01; Table 2).

Discussion

Bony healing can be attained in patients with lum-
bar spondylolysis by discontinuing sports and imple-
menting fixation with a trunk corset if detected early
after onset. However, concerns have been raised as to
whether early athletic rehabilitation decreases the
bony healing rate or prolongs the bone healing period;
therefore, we investigated the treatment results in this
study. In the early and the progressive stage, the bony
healing rate in this study was 93.1% and 56.7%, and
the bone healing period was 3.3 and 5.4 months, respec-
tively. Sairyo et al. reported a healing rate of 829%-94%
and a healing period of 3.2 months in early stage, and a
healing rate of 60%-64% and healing period of 5.4
months in the progressive stage®®, which are consis-
tent with the results of our study and no prolonged
bone union period was observed with early athletic re-
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habilitation. Especially in the early stage, which the de-
fects were still incomplete separation, the bony healing
rate was more than 90% and the healing period was
within 3.5 months, which suggests that early athletic
rehabilitation focusing on core training does not exert
an effect on bone healing.

The extent to which exercise can be allowed with-
out adversely affecting the bony healing rate during
the discontinuation period of sports remains unclear.
Treatment at our hospital is characterized by initiating
athletic rehabilitation that focuses on core training af-
ter diagnosis. Panjabi defined the range of motion in
which appropriate load was applied to joint components
such as bones, capsules, and ligaments as the neutral
zone, and the range of motion in which excessive load
was applied to joint components as the elastic zone™ .
Facet joints movement beyond the elastic zone will be
considered to promote separation of the pars, and it is
important to exercise within the neutral zone in order
to achieve bony healing. It is considered that the core
training is within the neutral zone without excessive
bending or twisting of the spine, so we considered no
exert an effect on bony healing. In addition, since lum-
bar spondylolysis comprises stress fractures, aiming for
bony healing and preventing recurrence warrants im-
provement that considers the burden being placed on
the separation site. Reportedly, specific training for
muscles around the spinal column (deep abdominal
muscles and lumbar multifidus) was effective to re-
duce chronic lumbar pain in adult patients with lumbar



spondylolysis, because stabilization of the spinal column

W Thus, we

reduced the burden on the separation site
thought that reducing the burden on the separation
site with specific training of the muscles around the
spinal column could also be effective in young patients
with early phase spondylolysis, which is why we incor-
porated it into the athletic rehabilitation for our study
population. Considering that our outcomes for the bony
healing rate and bony healing period aligned with those
of previous studies, it suggests that athletic rehabilita-
tion that focuses on core training does not exert an ef-
fect on bony healing.

There is no consensus regarding the initiation time
for re-engagement in sports. Patients with lower limb
stress fractures are recommended to gradually in-
crease activity after several weeks of rest and follow-

1619 We speculated

ing the improvement of symptoms
that the same might be true for patients with spondy-
lolysis; therefore, we allowed light exercise, such as
jogging, once the spinous process tenderness in the ab-
dominal position and lumbar extension pain disap-
peared. In the typical healing process for stress frac-
tures, bone formation occurs after bone resorption,
resulting in bone remodelinglg). We considered it un-
likely that pseudoarthrosis would develop if healing
progressed from the bone resorption period to the
bone formation period. We therefore allowed our pa-
tients to return to sports once bone formation was con-
firmed on CT images. Consequently, we observed no
progression to pseudoarthrosis in any of the patients
that exhibited bone formation.

The trunk corset that we used in this study was a
soft night orthosis for sports. Hard corsets are recom-
mended because Sairyo et al. reported that the bony
healing rate increased by changing from a soft to a
hard corset. They found that the hard corset inhibited
extension and rotation of the lumbar vertebrae more
than the soft corset®. In our opinion, to stabilize the
trunk, it is more essential to provide the power of in-
ternal fixation that is accompanied by the increased ab-
dominal pressure over the power of external fixation
that is provided with a corset. We consider the first
stage of treatment is that to attain spinal stability by
increase the abdominal pressure with draw-in and acti-
vate of deep trunk muscles. Hence, we used a soft cor-
set to obtain support by increasing the abdominal pres-
sure. Another advantage of a soft corset is that it can
be fitted during athletic rehabilitation and when re-
starting sports. However, in this study, the bony heal-
ing rates by each parameter was lower the patients in
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elementary school, with bilateral separations, and in
the progressive stage. It has been reported that it is
difficult to obtain bony healing in bilateral separations
and in the progressive stage5>. Early diagnosis is im-
portant because complete separation makes bone union
difficult. Elementary school children do not have suffi-
clent core trunk muscle strength, and often find it diffi-
cult to maintain in the neutral zone of the spine during
exercises. For elementary school children who do not
have sufficient core trunk muscle strength, care should
be taken as the core training may promote separation
of the pars. Thus, stable fixation with a hard corset
could be an option for these patients.

This study has some limitations. First, we included
no control group. Between April 2009 and March 2013,
we stopped exercising after the diagnosis, and resumed
from light exercise after the back pain disappeared.
Among 49 young athletes with lumbar spondylolysis
that included 52 pars interarticularis, the bony healing
rate was 90.7% in early stage, and 44.4% in progres-
sive stage. Although it was not possible to make a sim-
ple comparison due to different some backgrounds, the
bony healing rate in this study did not show a clear de-
crease compared to the result before introduction of
early athletic rehabilitation. So, it would appear that
athletic rehabilitation that focuses on core training does
not exert an effect on bony healing. Second, we did not
investigate recurrence rates. The average follow—up
period was 189.3 days (6.3 months), but there may be
cases of recurrence after that. Through athletic reha-
bilitation, we identify the factors that cause repeated
load on the lumbar spine, modify the usage of the body
during exercise, and reduce the mechanical load on the
lumbar spine. We also expect that the recurrence rate
will decrease, but further follow-up and investigation
are required in the future.

Conclusion

In conclusion, the bony healing rate in our patients
with lumbar spondylolysis was 93.1% in early stage,
and 56.7% in progressive stage, and the bony healing
period was 98.6 and 160.7 days, respectively. These re-
sults corroborate with previous studies and imply that
early athletic rehabilitation focusing on core training
did not exert an effect on bone healing especially in
early stage which the defects were still incomplete
separation.
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