Original Article J Korean Orthop Assoc 2012; 47: 277-285 e http://dx.doi.org/10.4055/jkoa.2012.47.4.277 www.jkoa.org

e ARIRILH M= Al XP7F &89 XiF| = =552

_I 1
o5} 3l QAL Zimf: A Hiol W2 = JIX| o] Hlm

Flexor Weakness and Clinical Outcomes after Hamstring Harvest in Anterior
Cruciate Ligament Reconstruction: Comparison of Single- and Double-Tendon
Harvesting Techniques
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ST & Gt 309015 th o= a9k, 4 A= Lysholm score, Tegner activity score, KT—2000 53} 7154 =8 HARE AR8s13ICE
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2|t o174 7F= (ultimate tensile load)S 7FA Al E 2, =g &5 Qlo] F 9] oFoleh= 2Al= o A3] Qloh 2T AFSH &
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LFE E017] floh ofAF St 7| 5H 3 FUt Y sd 5
&4 28 GAEE & 3 2dAoll AlshA] oF2 SRt A 25t
Z AP 0TS W2 st & Al B Yol= ST
290+94M 901, ST & G2 288+ 11,04tk F 4] 717H
2 NL 244570019l o FEE 4o 2= vheY A ot

Fo] 299oflA AR A/FA Aol F7E=+= Lysholm score,
International Knee Documentation Committee (IKDC) subjective
knee score, Tegner activity score, L8] 32 KT-2000 side—to—side
difference (MEDmetric, San Diego, CA, USA)Z ZAFSIE AL, &
24 -8 ZARGsokinetic test)= Biodex System III dynamometer
(Biodex Medical System, Shirley, NY, USA)E o|-83Fo] AlY5H4
o oRS 2O A 60 /sec 2t =AY Al E T} 28, o
™ Aol A =372 o] 2| ohf &2 (peak torque) B AE2 vl
sttt 7154 43 7= one-legged hop for distance test, co—
contraction test, carioca test, 18] 1L shuttle run testsS A|3js}o] 3

PRk 54 28 A A AL 2T L 2T AEU AT B

Ag LA,
2. 2% 27 Y K
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Figure 1. A graft harvest technique. (A)
Reversed ‘L’-shape incision to the sartorius
fascia. (B) Harvest of semitendinosus
tendon.
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Zuoke E5Hs} o o] Zo](1-2 cm)E o A5t tHFig. 1B). ST 554 282 54571 215t Biodex System III dyna-
A ¢] 5ol Ethibond #25 0|85+ 4-5 cm 7FF whipstitchS A mometers ©|-85Fth S Al AU 2=+ 18-2%5 FA|5k
Pk T ARES FA= Fa A =S A 4= S, ARdo] 5578 o] 9 2e ol =en, 54 A
A& ol-gste] A 9] 2213} gt ‘16— endon striperg ©-§5t]  AAREOIAl FH] &5 2] AIFTE 2R AAOIA HEE
SEAGAE wejstct AF e vhAdde] Hol7t A4 24 em DAY S A Zho| A F30] e g NEE W
9= At Wddeter 7\?%?— groz HolM F 47t lon] S¥EL dynamometer®] 217 S AAJAIFATE A1
o] ¥R o] A E(quadruple ST graft)& HE31CH, 24 cmE I 5 Al 2JElo] 2854 ghes uFWE of-§sto] 7k,
A = A= Rt TU o R AfHot  OiE, BR F9E EAI7IL AL Y o2 S F9lo
Ul 7heke] A7/ (quadruple ST/G graft)& 9HE0] AR8S A 2em %= 9191 Aol Fol Al ‘34 I 252 oF=5 513l
Hck o} AAF ZHes 0-90= oA AlRstel on shx] o] fA|17F S
2o} FeEof 9T= = A2 W ol T I FH (gravity
2) A AARIY QA& effect torque)& S5t FE ol Yottt Sd o] 2243t
LE A& 471 quadruple graft) A7F ST, ST& G AS 200 3 7Hs HElE 4% & 44 60% /sec®t
S olgstgon FHE Aoz At thE EEde A 180k /secollA 242 435]15 SHSHATE S Al A ARI A
Aol HE HEg 7R QEH STEHA = 10A], Y&l &S oHA] &2 1S5S WA dAfSIIoh 53 g5 AA
A 2A WFo g dAsto] ThEith thEE 142 Endobut- 3 Z3719] ol F=lS 275t Frkstel o, a3 Al
ton¥} Bio—Cross Pin (RigidFix System, Mitek, Johnson & Johnson, 48 —F‘7}01-7 | YA e ZpAofA] &g S| =3t A
Raynham, MA, USA) 2. &2 A|3¥5t3l ot & 14 A 54 A & HAF ZH = 60- 1202 2 a7gshe] A5a) gh50] A1

ZH8 UAHBioscrew™ poly L-lactic acid, Linvatec Co., Largo, FL,
USA)} A staple©| L 3] 2 WARE T} washer2 1178515 0.0,
DE 2 3 g o feAte] o] A= ST
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o1 5% 4 22)g Agstale

gelg B7FsHerHFie 2. & ATOIAE 60

of 7} A2 AMgSI

<3 F0] F
E/secl] S E 1
4. 71 = HAt
1) One-legged hop for distance

P35l upehol| A 3H& the] 2 YA oo 2 M2 slo] 1 Ag
=2 =45+t 3k ¥ = 7] (single hop tes)2} Al ¥ % 7] (triple hop
test) F SFHS AASHACE & the] Zbz 3HA] A ASHe] ZHF
de] | AZE AHstTh 5ol gt g5o] HAER 74
g+ "Limb symmetry index"& 57517 915l ¥ th2fofl tisf Al
otk

2) Co—contraction test
Co-contraction test= I 7Ax}o] &]2jof] W2 #E (velcro belt)

Figure 2. (A) Standard isokinetic testing.
(B) Hyperflexion isokinetic testing.
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3) Carioca test

Carioca testi= TG &Fol| A TS SZ2] Al (crossover step) SHH &
° 2 H{A oh= Aatolth ASol= dFolA LEHOE 12 m
(40 feet)5 FAl Skl 1 thaoll= LEZFA UZFOZ THA| &
SokeA ok 11 2|4 AIZRE SR

4) Shuttle run test

Shuttle run test+= I ZGAFA|A] 6.1 m (20 feet) A S S|4 3+ &
ghehol 221 A& Tl EobA A 239 fIA| & EFoket
uheo] FA| S A Sk AlZF F 39 Rk vl g
% 80 feet /2] S HA Hr}. 225 E 2|4 A7+ A3

Table 1. Demographic Data and Clinical Outcome Results

i{,ﬂfﬁp 4 g‘N‘_j;g;’“p p-valte
Age (yr) 29.0+9.4 28.8+11.0 0944
Height (cm) 1771£48  171.2#59  <0.001*
Weight (kg) 78.4+10.3  74.8+10.7  0.163
Mean follow-up period (mo) ~ 32.4+6.2 32.9+4.2 0.677
Lysholm score 91.9+6.8 90.8+7.4 0.524
IKDC score 84.5+11.1  83.3+x10.8  0.650
Tegner activity score 5.5+1.2 54+1.2 0.641
KT-2000 side to side
Difference (mm) 1.8+1.4 2.0+1.4 0.461
Meniscus treatment [N (%)] 0.982"
Repaired 5(12.2) 4 (13.3)
Meniscectomy 11 (26.8) 9 (30.0)

Values are presented as mean=standard deviation or number
(%). *Statistical significance; "x*-test. IKDC, International Knee
Documentation Committe; ST, semitendinosus; ST & G, semitendinosus
& gracilis.
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+ independent-sample t tests, paired t test
A, 22 U AR A LB
7 241 915l Pearson A3 A5 ARSI
<0052 EASHA Q0] 2202 Holslgon] RE EAS
& £4-2- SPSS version 160 (SPSS for Windows release 16.0, SPSS
Inc., Chicago, IL, USA)-& AH&5H T

7}

ST9] Ft 71+= 1771448 cm %L ST & G- Ft 7|+ 171.2
+59 cm@ ot SAISHE 02 §-o5HA ST-9] 7171 o Zthp
<0001). Y], Bt &FA 9 Fot FA] 7R = 7 7F R
S A= Holx] kbt YA AR Lysholm, IKDC, Tegner
activity score’d 7 i 7He] ol gt Aol = il o, ZekaQl
7}2 A1&YgE KT-2000 side to side difference ZH= & & 2+ &
O3t A= °*°*EP E‘ﬂ&ﬂ grdA) AF &40 A5 YoM E
rEe Al 7t 59(12.2%), ¥

a0 owe o O

E“O

4

& 03% AAss Mﬁ@?‘f A7} 1142687 B 2.0 ST & G-2]
3¢ 27k 49)1(13.3%), 9901(30.0%) 2.0 &F &+ 7F 325k 2= ¢l

ATHTable 1). E3F 7|54 =38 F7F Aut GA] 5= - Thof] Z}o]
= Ho|Z] ¢koIth(Table 2). P2 AAAA] 0= /sec &R A
Yot 55 2 FAMS ST ST & G-ollAl 150 vlalf 3t
A AT 9 230 o g¥o] B FAstelovp
o k] o FollA= AT 02 [ofgt A=
Ho|z] FFrH95.6+23.1, 90.4+27.8; p=0411). LE=I ZpAol|A]
6OE/sec &2 AlYS o] Zf gl AT Y =

I3 DRI 2 750 val o] 4ol oo (p<0.001)
3| gh=0] ¢ STollA] 73.1+19.7 Nm, ST & G-oll A= 59.3
145 Nmo.2 HJHOW of vlal &= & BF ATt FolA &
stH o7 {olstA A5k tHp=0.001) (Table 3). oI5 =3
2 A& H|2 HokS mf ok ApAoflA =, & LYl 23 |

H+ _l

L

|

Table 2. Functional Performance Test Results in Two Groups

ST group ST & G group  p-value
Co-contraction test(s) 16.4+2.9 15.6+2.8 0.247
Shuttle run test(s) 8.3x1.5 7.9+0.9 0.196
Carioca test(s) 9.5+1.8 9.8+24 0.655
One-legged hop test (cm)
Affected knee 139.1+£31.2  145.3+28.2 0.382
Unaffected knee 161.2+21.6  159.6+21.6  0.752
Limb symmetric index (%) 85.6+12.8 89.5+135  0.128

Values are presented as mean=standard deviation. ST, semitendinosus;
ST & G, semitendinosus & gracilis.



Table 3. Extension, Flexion and Deep Flexion Peak Torque (60°/sec) in
Two Groups

Unaffected  Affected  p-value

Extension peak torque (Nm)

ST group 214.9+47.4 171.4+55.8 <0.001

ST & G group 200.6+39.8 165.8+47.8 <0.001
Flexion peak torque (Nm)

ST group 11312249 95.6+£23.1 <0.001

ST & G group 105.2+26.4  90.4+27.8 <0.001
Deep flexion peak torque (Nm)

ST group 87.1£18.8 73.1+£19.7 <0.001

ST & G group 79.6£12.1  59.3+14.5 <0.001

Values are presented as mean=+standard deviation. Paired t tests are
used. ST, semitendinosus; ST & G, semitendinosus & gracilis.

oA el F& A= ST 49 15.1+13.6%%2.0 ST & G-
o] B 4T£129%2 7 o b ol Ahs HolA| ot
(p=0.893), H=” A, & H== AloflA= STEEY ST & G

oA =5 AEo] o FUISFATHI64+13.2%, 26.1+14.3%;

p=0.005) (Table 4). 214, 23 ¥ I=3 A &3} 7154 3
AAR] A BA 240 = A A& Al 3 HAF BRolA
ot A BAIE B o p<00D) =3 Alol=
metry index®}, T2 Alofl+= Co-contractionZ} Carioca testoll 4]
Lol A A S HAHp<0.05) (Table 5).

Limb sym—

7P—l ztol= Yoyt IEI Al 25
o] A&2 ST 1% 164413.2%, ST&G:vLoﬂlﬂ‘— 26.1+143%
2 ST & Gol|A] BAISH o 2 Z58 9] A&o] ¢ F7l6telh
A At T - 7H] Zpol= HoA] ottt
A & E3E ol 52 ok of 2ofl thal] Lipscomb
2 & 9990 Z2e 3]E-Q o]Rgl o b

AGATS AFESFAS 4L 102%2] 8 3]E-2 o] 2tk |
15FH 00 Maeda 592 & 5 28R 0] (0% /sec?] ZH5 Lol A]
Z|off 23 (peak flexion torque)> ZAZ2] 954%% o0 $H=w}

215 Apolo] 2|t o] Aol wol] ggken B s,
T2t Aune 572 HY AR AZE F ST 23 2
o] ju] gl EARITY RSk on] A2 ChE AT
= £710] A7) A ST BT F4F BushGE Y of
£ AAHES] AF AelA = 0|2} Ak ATHE Wk

Table 4. Comparisons of Flexion and Deep Flexion Deficit in Two
Groups

STgroup ST&Ggroup p-value

Flexion deficit (%)
Normal isokinetic test

In sitting position 151136  14.7+129  0.893
Hyperflexion isokinetic test

In prone position 16.4+13.2  26.1+14.3  0.005*

Values are presented as mean=standard deviation. *p<0.05. ST,

semitendinosus; ST & G, semitendinosus & gracilis.

Table 5. Correlation Analysis between Deficit of Isokinetic and
Functional Performance Tests
Limb
symmetric
index

Shuttle

Carioca

Co-contraction

Extension deficit

In sitting position 0.434" 0.349" 0.315" —0.522"
Flexion deficit

In sitting position 0.231 0.213 0.165  -0.254*
Flexion deficit

In prone position 0.248* 0.234* 0158  -0.092

Values are correlation coefficient. *p<0.05, 'p<0.01.
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FYZol d stk Bustgon, Lidn §7% oleh GARE 52 £3) A 7o) A BAIS BAlste] Ald Aol BE 4
AT A= B stk Eﬁi Gobbi 57L& 27 &2 o4l Al 3 HAR AT TS Y on Z Al= Limb symmetric index
PGS ARG Tt = S AR P2 Hlasto] £ o 9F 3=t Alofl= Co-contraction?}t Carioca AR A BAIE

Atolol] /A Aito] Aol 7t %it—’. =) EJ-OPS&E’-U% A7 &4z Hoth & 250] A& AdEe ddo] 7[5d £ 4

2 ol g3 FY AT A7 Al F5Steke o] O] WY Aol B GG T AOR I
28hE ARG 23 F A3k £ AT A3HY 0 2 o]44712] A3 Al o]4i712] ol
d

Nakamura %57 SHAFATHE 3 -9 605 /sec ZH5E0] o s BR324 Afo| 7t Upebgton] 53] oA}
A 5% 2d 231 0EoAM e =S S5k A5 59 B F e BF AR TolA o w@iten =9 Zjo]
dlol| Z}7} 93.7%2F 80.2%% 4ot F A& B ATt woll & aLefsto] th SRS ARt e 2 ARtstelths Holth Eg
AN 212y 91 3%t 788%G T Bustgon S8 2 A2 S¥A0 T thE 7)159 YE A thek 28 248 AR
ol AU =52 9] 3152 & o] FoX|A] gh=thal olqity. & Fed, ol S3EY Ul Y 4 Al 9= vlE = Sle
EF Tadokoro 572 T AejollM £ 79 Z3eo] s EWHE Y 1WA 58 AT 4 s AT Yol WA

of ulal 49%= Zadithe AoE Bustglon o dso  ZAEojop g Aoltk
M 3 A9 258 A& A5 sl 30%71H4] ATl
Bustgch ™ g2y 22 Ardern 572 SFASATHS A3 7§ =
SF it S B A F S Fol A ARl ) T A
o] Z|tff 29| 2oz Ho|X] Ao YHAYPATE AT AF S-S o8t A ARRIY s £, 1Sl o]
T H| W o] S B R oA 25 Adel 24 wE =5 U 53] Y= A ¥ ek

] E.
o gk Bustgc 8 A9 v UG o] 8 4
£ AT Ardern 570] Hgh IR T Al0] 54 ) el & Amsh AQITE BeF & T 5 2 k0] QA Aol go
24 Autot 2pol7h Lk oleiet ol 9= BT Alo] & % SHES
2] 2elo] 24 Yylol T Ajol2 Helth AxH50] 49 B Solils 2T ALo] 74ag Hassl] JaA vagdwS
Q) 2T BRE FE APOA SHFAOT HBRE A ARSI AUES AlWSHE Slo] £L Ao Az
=gl 2o Skt ol SH o] e BT ZhmolA
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2|t 225 E9she l 15-30% Ato] o] We = 2t A 2] z2k71 85
a T =
o G2 thE ofFbiceps femoris) T ¥Fet e (semimembra-
nosus)ll &J3f L] w1, SHAL 75 o]4fo] =8 3 Zhof 1. Aglietti P, Giron E Buzzi R, Biddau F, Sasso F. Anterior cruci-
A 239 e 7158 ERshe o ok A W 23 7t ate ligament reconstruction: bone-patellar tendon-bone com-
oAM= 55 2 ZElS S4ohd tiE o F2at vhepkt pared with double semitendinosus and gracilis tendon grafts.
[e]

& cfel 24 04 280) sl B3k 2400 Hol7h €1 5
ek, webd HETES =

5
9] 54 Ay 22 24

A prospective, randomized clinical trial. ] Bone Joint Surg
o J= Aol T Am. 2004;86:2143-55.
A3} AESE H oz Al —.@l’ 2. Woo SL, Wu C, Dede O, Vercillo E Noorani S. Biomechanics

1doZi

o

Els
k. and anterior cruciate ligament reconstruction. ] Orthop Surg
Seto 572 A AARIT A& ——‘;’: 5 j FAVS &=9] tiE Res. 2006;1:2.
ARFEE] FE2 7S] Hel @otthal Balskglon Rlsbergil- 3. Prodromos CC, Han YS, Keller BL, Bolyard RJ. Stability re-
Holm™&- A& & 28 o] £29] .L]EH AR dE3t = sults of hamstring anterior cruciate ligament reconstruction at
2 83.5%2F %R T BUSHYTE o]= A1 Ho] %J_.— 48 2- to 8-year follow-up. Arthroscopy. 2005;21:138-46.
2o} o Iop= & A9 Aikel fAREE T Biodex dynamom- 4. Nikolaou VS, Efstathopoulos N, Wredmark T. Hamstring
eterE 083t thE] AR £ 719 534 HAks 5 24 tendons regeneration after ACL reconstruction: an overview.

£ A 4 U= 710l & s o] £ AfolE Eol= Ao Knee Surg Sports Traumatol Arthrosc. 2007;15:153-60.

Agte] B3} Hojof shtha sty ol 2o delo] 21129l 5. Biau DJ, Katsahian S, Kartus J, et al. Patellar tendon versus

=

SWEY 755 et 712 ofy7]ol & d-olM= 715 hamstring tendon autografts for reconstructing the anterior
A 3 AAe 9 533]‘01 ettt 1 Axf = o 7o Aol cruciate ligament: a meta-analysis based on individual patient
Ho|R] ¢FQFth ESHAIA, =2 9l vk 554 2 AR 7] data. Am J Sports Med. 2009;37:2470-8.



283

10.

11.

12.

13.

14.

15.

16.

up

1o

A1 Az

a

Armour T, Forwell L, Litchfield R, Kirkley A, Amendola N,
Fowler PJ. Isokinetic evaluation of internal/external tibial
rotation strength after the use of hamstring tendons for an-
terior cruciate ligament reconstruction. Am J Sports Med.
2004;32:1639-43.

Eriksson K, Hamberg P, Jansson E, Larsson H, Shalabi A,
Wredmark T. Semitendinosus muscle in anterior cruciate
ligament surgery: morphology and function. Arthroscopy.
2001;17:808-17.

Tadokoro K, Matsui N, Yagi M, Kuroda R, Kurosaka M, Yoshi-
ya S. Evaluation of hamstring strength and tendon regrowth
after harvesting for anterior cruciate ligament reconstruction.
Am J Sports Med. 2004;32:1644-50.

Hiemstra LA, Webber S, MacDonald PB, Kriellaars DJ. Con-
tralateral limb strength deficits after anterior cruciate ligament
reconstruction using a hamstring tendon graft. Clin Biomech
(Bristol, Avon). 2007;22:543-50.

Hioki S, Fukubayashi T, Ikeda K, Niitsu M, Ochiai N. Effect
of harvesting the hamstrings tendon for anterior cruciate
ligament reconstruction on the morphology and movement
of the hamstrings muscle: a novel MRI technique. Knee Surg
Sports Traumatol Arthrosc. 2003;11:223-7.

Kim ]G, Yang SJ, Lee YS, Shim JC, Ra HJ, Choi JY. The effects
of hamstring harvesting on outcomes in anterior cruciate
ligament-reconstructed patients: a comparative study between
hamstring-harvested and -unharvested patients. Arthroscopy.
2011;27:1226-34.

Ardern CL, Webster KE, Taylor NF, Feller JA. Hamstring
strength recovery after hamstring tendon harvest for anterior
cruciate ligament reconstruction: a comparison between graft
types. Arthroscopy. 2010;26:462-9.

Nakamura N, Horibe S, Sasaki S, et al. Evaluation of active
knee flexion and hamstring strength after anterior cruciate
ligament reconstruction using hamstring tendons. Arthros-
copy. 2002;18:598-602.

Reid A, Birmingham TB, Stratford PW, Alcock GK, Giffin JR.
Hop testing provides a reliable and valid outcome measure
during rehabilitation after anterior cruciate ligament recon-
struction. Phys Ther. 2007;87:337-49.

Lipscomb AB, Johnston RK, Snyder RB, Warburton M]J, Gil-
bert PP. Evaluation of hamstring strength following use of
semitendinosus and gracilis tendons to reconstruct the ante-
rior cruciate ligament. Am ] Sports Med. 1982;10:340-2.
Maeda A, Shino K, Horibe S, Nakata K, Buccafusca G. Anteri-

222 ofg

17.

18.

19.

20.

21.

22.

23.

24.

25.

] o]/g— 7:13!_]_

~ ua =

or cruciate ligament reconstruction with multistranded autog-
enous semitendinosus tendon. Am J Sports Med. 1996;24:504-
9.

Aune AK, Holm I, Risberg MA, Jensen HK, Steen H. Four-
strand hamstring tendon autograft compared with patellar
tendon-bone autograft for anterior cruciate ligament recon-
struction. A randomized study with two-year follow-up. Am J
Sports Med. 2001;29:722-8.

Tashiro T, Kurosawa H, Kawakami A, Hikita A, Fukui N.
Influence of medial hamstring tendon harvest on knee flexor
strength after anterior cruciate ligament reconstruction. A
detailed evaluation with comparison of single- and double-
tendon harvest. Am J Sports Med. 2003;31:522-9.

Choi JY, Ha JK, Kim YW, Shim JC, Yang SJ, Kim JG. Relation-
ships among tendon regeneration on MRI, flexor strength,
and functional performance after anterior cruciate ligament
reconstruction with hamstring autograft. Am J Sports Med.
2012;40:152-62.

Chang CB, Yoo JH, Chung BJ, Seong SC, Kim TK. Oblique
femoral tunnel placement can increase risks of short femoral
tunnel and cross-pin protrusion in anterior cruciate ligament
reconstruction. Am J Sports Med. 2010;38:1237-45.

Barenius B, Nordlander M, Ponzer S, Tidermark J, Eriksson
K. Quality of life and clinical outcome after anterior cruciate
ligament reconstruction using patellar tendon graft or qua-
drupled semitendinosus graft: an 8-year follow-up of a ran-
domized controlled trial. Am J Sports Med. 2010;38:1533-41.
Lidén M, Ejerhed L, Sernert N, Laxdal G, Kartus J. Patel-
lar tendon or semitendinosus tendon autografts for anterior
cruciate ligament reconstruction: a prospective, randomized
study with a 7-year follow-up. Am J Sports Med. 2007;35:740-
8.

Gobbi A, Domzalski M, Pascual ], Zanazzo M. Hamstring
anterior cruciate ligament reconstruction: is it necessary to
sacrifice the gracilis? Arthroscopy. 2005;21:275-80.

Eriksson K, Larsson H, Wredmark T, Hamberg P. Semiten-
dinosus tendon regeneration after harvesting for ACL recon-
struction. A prospective MRI study. Knee Surg Sports Trau-
matol Arthrosc. 1999;7:220-5.

Makihara Y, Nishino A, Fukubayashi T, Kanamori A. De-
crease of knee flexion torque in patients with ACL reconstruc-
tion: combined analysis of the architecture and function of the
knee flexor muscles. Knee Surg Sports Traumatol Arthrosc.
2006;14:310-7.



284

opget - 7AIT - ST 9 221

26. Seto JL, Orofino AS, Morrissey MC, Medeiros JM, Mason WJ.
Assessment of quadriceps/hamstring strength, knee ligament
stability, functional and sports activity levels five years after
anterior cruciate ligament reconstruction. Am ] Sports Med.
1988;16:170-80.

27. Risberg MA, Holm 1. The long-term effect of 2 postoperative

28.

rehabilitation programs after anterior cruciate ligament recon-
struction: a randomized controlled clinical trial with 2 years
of follow-up. Am J Sports Med. 2009;37:1958-66.

Tibone JE, Antich TJ, Fanton GS, Moynes DR, Perry J. Func-
tional analysis of anterior cruciate ligament instability. Am J
Sports Med. 1986;14:276-84.



Flexor Weakness and Clinical Outcomes after Hamstring
Harvest in Anterior Cruciate Ligament Reconstruction:
Comparison of Single- and Double-Tendon Harvesting Techniques

Sung Rak Lee, M.D.*, Jin Goo Kim, M.D., Jeong Ku Ha, M.D., Sung Tae Kim, M.D., and Sang Bum Kim, M.D.
Department of Orthopedic Surgery, Seoul Paik Hospital, Inje University, Seoul, *Sarang Hospital, Incheon, Korea

Purpose: To compare of the flexion weakness and clinical outcomes of patients who underwent an anterior cruciate ligament (ACL)
reconstruction between semitendinosus (ST) group and semitendinosus and gracilis (ST & G) group.

Materials and Methods: The patients who underwent ACL reconstruction by autologous hamstring tendon and were followed
up for more than 2 years; for more than 2 years were studied. We excluded females; Thus, 41 of ST group and 30 of ST & G group,
retrospectively, were evaluated. Outcomes were assessed by the Lysholm knee score, Tegner activity score, KT-2000 side-to-side
difference and functional performance tests. The flexion deficit and isokinetic peak torque for knee flexion were measured in the
sitting position, and the flexion torque at deep flexion was measured in the prone position using a Biodex System Il dynamometer.
Results: No statistically significant differences were observed between the two groups in terms of clinical and functional
performance tests. In operated limb, significant knee flexion weakness at the isokinetic peak torque for knee flexion was observed,
but no statistically significant differences were found between the two groups. Especially, a significantly smaller deep knee flexion
deficit was observed in the ST group than in the ST & G group (p<0.01).

Conclusion: After ACL reconstruction by hamstring autograft, a greater knee flexion weakness was observed. Especially a
significantly greater deep knee flexion deficit was observed in the ST & G group than in the ST group.

Key words: hamstring, semitendinosus, gracilis, flexion deficit, anterior cruciate ligament reconstruction

Received November 1, 2011 Revised January 25, 2012 Accepted March 12, 2012

Correspondence to: Jin Goo Kim, M.D.

Department of Orthopedic Surgery, Sports Medical Center, Seoul Paik Hospital, Inje University, 9, Mareunnae-ro, Jung-gu, Seoul 110-032, Korea
TEL: +82-2-2270-0025 FAX: +82-2-2270-0048 E-mail: boram107@hanmail .net





