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$%2Ek ® phase |Z wind—up phase, early cocking
phase, late cocking phase, acceleration phase, fol-
low—throw phase D527 5D .- T b, [EE
I2& ) EDphase TED X ) RIFADKT DD,
H o> T E 72, Bennett lesion Tl late cocking
phase % follow—throw phase T&JFA A&k S, 1
Y ¥ YA v MEBER T3 acceleration phase T
WO D, LoL, FERISEREE T OB EDS
HAE S B 72D B E DL D phase TEIEHHRE Z - T
WHLDOPELIEBTE TR VWEAL S W, 7Oy
77 AMLBHFRT, WMEBEKBELIETARL T
ELLETH 5,

2. 1 ELI AL MNEREE

NeerlZ X DR E N V¥V X2 MEBER
(&, LARTId kR R & I T,
ZOEFRIIBAFE LTS Ll bk, kv
SR ASH DR TR L EZE L, FmEREI IR
BleahTwa?l, gL LTRAVES IR
YIMEEBLI A L E YT AL MTF R DR E
BT, stagell XV 3T HN TV A (Tablel),
fof L 7 B 2S£ 3 4 supraspinatus outlet (& [1/g i
B LIBEE L&) A8 O IR R T8 I T 5 ik
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Table1 1 >E> x> MERBEOKENHEY
ERE R ERE ERERAEE L
Stage I  |¥FHE& M 25FUF HERRE CIpULY) REFH)
& SHBEER #¢ :
Stage I |#RAE(L & A 25-40%F HESE EEICL Y RET RHCHEmRELRRE
ApLEERE  DRA 55 1 el V) A
(i
Stage [T | BRRFEER & RARMTR 40F AL FEHEAEMEARAE T anterior
(e acromioplasty
RARIEIE

LS B L, FERERILTL S, £
DI, 45 BET L O#E R B ET 2L Ot
B COBRENERICE>TA Y EX I X » MiEfE
BRI > TLAZEFMONTWD, & Tk
BEERE Tl E woWEL ME AL EEY D S
7eDIZA Y EY VA Y MEBHESREI - TLAZ L
bHV?Y, BHEED TVELRDDL, WHPALKE
PR3 B BREESRE © RIREICAT ) LED D S,

AT Ay MEBEBEDG#E: & LTIt Stage
I, 11O KERS DRER T I3 2R B Dl ki &
RIEIE I TR T 5 7%, Stage III TIXERFRY
BESEMTH L, [iHE EER O#EIS &
53, EHTAIHRBERERM D X {fTbh T,
Royeld 1 » ¥ ¥ ¥ x ¥ MEMBRIIH L THEA Al
BB 21T\, FI80%ARLLETH Y, ¥
SWEDS S LB L B WEE TN BB ICIEEDT R
<, HERHZIL68%7%, FEHEREIZ90%ATRLET
Holh, BELYVIZIFPFR—ILOEyF v —I&
50% ThoEMEFLTWVEY,

Walch (2 & 1) iz #) (25 & 7172 internal impinge-
ment > |35 BEI & 405 L, eRIMVET 5 & BIETIH
B & BART R L ERTH LI -
TLAE2DA VEY I A M THD, HAARE
HABERL TR EDEZLH ) 2O, HFEICH®
L, 5BBEOHAIEINL,

3. FEtRETE

BEARMTZLIE 40 L B2, NS THMD
PENTWD Z D%\, RO T b BEF A

REMTH D, HBEBIIBVWTHHRLZLEDFZ &
CEIBEITALND EBERIIBERTVWS 7, B
MR IIEEMEEAEHRICKESTTON L,
Neer [ZBEARMTZR O KE 55134 v €0 T A2 2 MER
BICLoTRI > TWAERRTWVSY,
BT R & L CIZEBETE, drop arm Bl 1,
HokE, BrEoRmMam, 85, MEmIET,
Dawbarn sign, fluid sign, painful arc sign, one-
finger resistance test, impingement sign & test, ini-
tial abduction test, dropping sign, lift—off sign(J§
T BN, BTHEMRZ EPHITO5NT VS,
HREIZDS RFE I N TV S drop arm Bl
B, b OFE TIIEANEEMEFMAES O
IH40% LOFREL o728, & ITRIERIC
MAETEDS 2 WREBI T 17 % D ARt TH D, drop
arm BEDO A THERMR ZZW L TE R 5%\,
BB W & L CHAMXM TR 2RI
EREEEO LR RKGEI OER R EDERD 6
n, BEEER TRl CEEAE BEREA
POBETHRILANEHHT S (Fig. 1), 72,
AREWZHDH B, BAEIHEIZRIIE EEER Tk
BeThb, BEEREICLYERKOIEELRLHID
RN H D ETEMHEEBHINLY, AW D
56 ~93 % DS REL ENTWwA(Fig.2), LA L,
1E L K BWid 5 720123 0 #420 BRE 7 35 W 2k
AT TAHAIENVLETH S, RIAERITEOZ
WD L CHVWOLRTWAREREIIMRITH Y,
CEMBEOBWRIZIN%ZBL T5EY, MRIIZ
INATTEWHPRETH > A EWRD 80 %L
L REGIDZ I S 15 (Fig. 3) o
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BEART R DG HEE & L TR RO & BRI A1
bbb, &, A704 FHIReTIVO fkE
WEOFEAN, BFEHEELR EORGENEENRA SR
%o FiowIc & LCPostid, #37 H BRI
HHE L CTOR L 2 Wikdin L B it e L L
TWwa, LaL, @V TORFENDOHER
2 E 25 ERAFRIFRE CEER) 2 O 13RI B A
FEEZEETRETH 5,

FAirik & L Tlid tendon to bone T % Wilson i#:%°
McLaughlin i, flfij#&4 <, arthroscopically-
assisted mini open repair 72 KA rh LT\ 5, #ith
FAIHT T 5 AT 2 O F4ii ik & L Tid, Tibone it
IS ADAR =Y EFOEEMERITH L TRARUEHE
7 &R T A 24TV, 10825 CAR— LA
VIR ZEBELTWAE W, Mo DI
A L C, Andrews (3§t T |2 debridement D & %

o THEIIIIZ BA B iF & i L 12, Tibone it
%% (2B TR ity & W R ER DY) BR Al 2 4T\, 154
BEICERL-EHREL TR, LaL,
ADL’CJFF;J%%:.E)?K THEBNI DT 64 TH o7, &
?WW T AERTREMTAR— Y ~NOER % A
, IMETERZ 5 72EBI X ) § overuse THEZ -
tﬁﬁMi?&ﬁ%ﬂ\kéimu\%”Q
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Fig. 2 RIRTEMROBE G
BMEFRRBOARE.ED S

Fig. 3 RIRALEHD MRI{&
REBRTRHI,

4. BARTEIE

BALEEDBAR—-YEEDERK L L THEHET
a’f)éc ZomEE LTHBEA (FiA, %), RA
DOFEFE (B, BE), BEEKEGMEHE, FESMETE,
TIV‘J@ E)B X O (2, RAEME, BEIHMY) 2 &
WX pEINT WA, il id TUBS (traumatic
onset, unidirectional anterior with a bankart lesion
responding to surgery) 3 & U AMBRI (atraumatic in
etiology, multidirectional in nature with bilateral
shoulder findings, rehabilitation as the appropriate
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treatment, and rarely surgery in the form of an inferi-
or capsular shift) (2SI NEZ LB 5,

1) SMEMERRAETRR

TUBS T & 5 ML A5\ FFBLF § & B 138
EETENI EDHISNTW S, Hovelius 13 % 4E
B2 r OFEBFARIZOWTI04ERMOFIH X if5E %
TV, WA 25T CTH - 72 B & 1E 2m L
FEBETAHEEIZ60~T70%E LTWA W, fE
BE DR & L TE—RICRAFRE S T T
V7245, Arciero DAME YRR B ETBLFEBN A 5
RAFRIFE D L IEEH T FM#RE 21T o 72HESI O
BRARORE2 S, G TFMRE;TEEH 280
TWwa Y, URTIIOEHE, Q=MAfEE % 3HM,
QIKPUES) TH YIS - /5 ) (isometric) ik, @FE
EAMERLIE D 7% { & b 6 EEIE, ®FARL, IE
W #7712 0148 L T apprehension test 28112 2 ALiE
AR—=I R, LLTwah,

2) RIRMERAEREEI

AR IR B B F 0 B EI f L S i e A4 12 T
BHEEHPRATA2bDTH %,

B AL EE DB R & L TIE, anterior
apprehension test X° posterior apprehension test,
Sulcus sign % £ %

RAEMEEBE BRI 3 2 FlEE L LTI
Bankart ##:, Bristow{:, modified inferior capsular
shift :, Hitl T8 BEHIEH 2 &% < O FAhrair X
WEFEINTETWVS, bivbid, modified infe-
rior capsular shift %% 17> T\ %A%, 59 % #1 i
260, ERFIZ1BIOATH - 72, FhhED B
EIIFHITHY, AKR—=U%fT-> TW/z45%]k
3ABIATED AR — v ~NHIF L T 7z Shie nl B8
PARRELTAR—IYNEIFETE b o IEGITE
B, "L—KR—=—LD3FTHo7o KEXIT) ) R
T, FHEAETICAME TOSERIBREZ A L THE
{TAHHEREZEZALENH D, 2HIIMAETTE %
Motz AR—Y ZfiitkBRHL TWwa,

Bigliani & |3 anterior—inferior capsular shift i (2 &
2T 92 %A major sports NMEJ L72A%, TV — D
BERBECTHLLANUANERTE2DIE50%TH >
72 L5 L%, Montgomery & Jobe © (3 horizontal

capsulotomy & suture anchors % fl\» TFAlr #17\>,
FLAR—=YTHLELRVADEIFIIEI%THD,
F[LAR=VIEIRTELRDS72DIEDOTH6%7
ot HELTWAY,

#i4 T Bankart repair (2]; { AT TW A5, F
BFRAE W E W) REDSH > 72, ilt, FHED
R EEEN M R &2 E SN THEAED K
(o TETWA,

Neer % Jobe 3R FHEFFA L 41 Y EX T 2 v M
GOET A TREMA S B Z L 2B RT WA, Fi
BAR7ZZE ) ICHFERASHLEL T AV b
SEEREABI ARSI EPHMONTE L, 2D
728, MEIRXOAL ¥ YAy MEBEBOA, O
WX BRI AREEICL B 2R RA Y EL TR
> MEGR, OBEMARAEIC X AR HAKEREIC X
DR A YT Ay MEBEE, ORIHTAEE
FEDM, LHHETELY, WRBRFOLLEEND
br, REEENPOEBRHA, f Y EXTAXAMEL
TR HEABIT T 0B LH B, 1 VK
YURXYMHA VERIAARRERNFETH LS,
ZD R L L Crelocation test G H TH 5 %,

5. SLAP lesion

Andrews 5 3% EkEEIC BT 5 L BESEEE
#4451 1® | Snyder & SLAP lesion (superior labrum
from anterior to posterior in the relation to the biceps
tendon anchor) & L TZFDOEREIZL D) Type~IVD
4212558 L Tw5b 1 (Fig. 4), SLAP lesion DJE A
ELTREEMEMESERACERIZDZ L RDOLR
L5, HUICIE, BEEEO 7+ 0 — AN —KIZE
i BEAp R A X A A A L ABEVEICE C Z
E, BLXUHE2ICIIEHEET  BEE L 725 nkE I
FEOLEER L2 I ERBEICE 2EENA
FHESERICBHCTHEEEZITLEEZLATY
Ao

Snyder |3J8 B #i 8% % f 1T L 72 2,375 B+ 14061 12
SLAP lesion # i2® T\ 520, Type 1A%k b % <
55% T, #x\TTypel 22%, TypelIV 10%, Type
M 9% THorze FERIZEHTHY, WWWZD-
o) R EMEDSFEE Lz, BB LATRELT
(S BEACER 7 W2 A%29 %, e WTZ 11 %, Bankart
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Fig. 4 SLAP lesion D% 19

Type | : EBi_SREFRE(TESEIEEE CLABBBED fraying EEMN & 3,
Type Il : EEIE LA » 5 ORENE & ki — B8R ORARIBE
Type Il : BEOE BN ViR R RO _EABIENE OHERTR,
Type IV : EABEEDRMT R i B RER * THU S,

lesion 322 % 72 & Tdh - 7=,

PASYEIE BE 8L O FAl7 5 1213 & < SLAP lesion
RBODLNS, WMEBLEL THHRTINDMEE 2 -
7-HEBNE HERBI 1213 2 v, SLAP lesion & Z T
FERZ T O T2 HICEBH I TH RN,

g & L Tid O’'Brien test (38 i % 90° f#
AL CT10~15"MNin L T, bRtz mz 5 &
thumb down T& % [a| N THIFATHE 2 % H32Y,
thumb up ([EI4M7) TIZEIFAER D L <I1FHET
%o B, Mimori 53 LWT A P EEFELTW
22

EifEZ e L TIIMREE I EEZX1T) & L
i AEmEEBEEOMICEZHITA > TWnL
(Fig. 5) %%, IEWZIRETH ZOMICIZMBIEH b,
HMAWEER 2 & H 5,

H#EEE L L Tid Type I Tld shaving 257 bH
Type Il T& 1Lif abrasion L 72, suture anchor 7
EW Lo THEET 5 HEEUKRT 5l #HE s h
TWwb, TypellI B & ' Type IV i debridement & L
CIIMBEINTW S,

Db, HEBEMIL ALNEEDO AR YEEIZD
WTIRAR727%, JT4E D %5 W O 4 R TE P E $EiR
BEOFRFEICL YD AR—YEER T 5 ZHEILK

Fig. 5 MRESENIES,
SLAP lesion,

XBDoTER, SUTEY S OWEAHIRH
HCFI LV BOND, BIETDIHoT
M, PR, BEHE, ST A A
ML T2 o ABaRAT R & AT 5 DHE T 5 L%
Vb, Tz, BFEIZHI2-TIE, K4DFEL X
CIBIR L7 A CRAFIME b L IS TR0 %
BRI NETHE,
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A Comparison of the Clinical and Arthroscopic
Parameters of Two Techniques for Anterior Cruciate
Ligament Reconstruction Using Hamstring Tendons :

The Outside—In Technique versus
the Inside—Out Technique

BEGRZ BV -+ EE -
Outside—In & & Inside—Out 3E D EL 8

Koji Fujita wH Y Yuichi Wada ME -V

Ken Nagahara K Y Izumi Kanisawa iR RY

Akihiro Tsuchiya +&E BELY Hideshige Moriya FEOFEV
@ Key words

Anterior cruciate ligament : Outside—In technique : Inside—Out technique
Al -F#47, Outside—Ini:, Inside—Outi:

@ Abstract

This study presents the results from two different techniques of arthroscopically assisted ante-
rior cruciate ligament reconstruction using hamstring tendons. The only differences in the sur-
gical technique between the two groups were the fixing material used on the femoral side and
the drilling method : the Outside—In technique (O-I) and the Inside—Out technique (I-0).
Age, sex distribution and preoperative laxity were not significantly different between the treat-
ment groups. Thirty—four patients underwent anterior cruciate ligament reconstruction. Seven-
teen patients underwent O—1I, and 17 patients I-0. The clinical results in Lysholm score, final
evaluation of IKDC form, and follow—up arthroscopic evaluation at one—year follow—up were
compared.

Although both groups achieved similar satisfactory results in clinical outcome, some arthro-
scopic findings in both groups showed minor tears in the reconstructed ligament. We found
mainly lateral fibers torn in the O—I group, and anterior fibers torn in the I-O group.

OEF
Al b AU R i 2 BV 72w S AT I B W T, Outside—In i & Inside—Out
% A 1) Department of Orthopaedic Surgery, School of Medicine, Chiba University
T 260-8677 TEEMHRXZH1-8-1 2) Department of Orthopaedic Surgery, Tougane Hospital

)
TR RFEFELERIF FEE 3) Faculty of Physical Education, International Budo University
TEL 043-222-7171 / FAX 043-226-2116 4) Department of Orthopaedic Surgery, Kawatetsu Chiba Hospital
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Introduction

Good results from a number of techniques for
anterior cruciate ligament reconstruction (ACL)
using various materials have been reported! =%,
Following the introduction of arthroscopic—assisted
ACL reconstruction, two major surgical techniques
have been developed to produce the femoral tunnel :
the Outside—In technique (O-I) and the Inside—Out
technique (I-0). The O-I technique requires two
incisions ; an anteromedial incision for the tibial work
and a lateral incision for the femoral metaphysis.
The I-0 technique requires only an anteromedial
incision, and the femoral tunnel is drilled inside—out
through the tibial tunnel.

We have been performing ACL reconstruction
using the iliotibial tract (ITT), since 1979*. Here we
report a comparison of the short—term clinical
results and the follow—up arthroscopic evaluation of
the two techniques used for ACL reconstruction : the
Outside—In technique (O-I) and the Inside—Out
technique (I-0).

Materials and Methods

Thirty—four patients with ACL injury participated
in this study, undergoing reconstructive surgery
using the hamstring tendons, between April 1997 and
March 1999. The inclusion criteria for this study
were : 1) unilateral ACL injury with normal contralat-
eral knee, 2) closed physis and age younger than 45
years, and 3) no combined posterior cruciate liga-
ment injury. Seventeen patients underwent the O—1I
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technique (O-1 Group), and the other 17 underwent
the I-O technique (I-O Group). The O-1 Group
consisted of 10 males and 7 females, and the I-O
Group of 11 males and 6 females. The mean age at
surgery was 23 years (range : 16—31 years) in the O
—I Group, and 25 years (range : 16—44 years) in the |
-0 Group.

Associated surgery in the O—I Group was medial
meniscectomy in 4 patients, lateral meniscectomy in
4 patients, both medial and lateral meniscectomy in
2, medial meniscal repair in 3, and medial meniscal
repair and lateral meniscectomy in 2 patients. In the
I-0O Group, 6 patients received medial meniscecto-
my, 3 lateral meniscectomy, 2 patients received both
medial and lateral meniscectomy, and one patient
underwent medial meniscal repair.

1. Surgical technique

The only differences in the surgical technique
between the 2 groups were the fixing material used
on the femoral side and the drilling method.
According to the O—I technique, a hole measuring 8
~ 10 mm in diameter was drilled as in the case of the
modified over—the—top method, from the posterosu-
perior region of the lateroepicondyle of the femur to
the posterior of the intercondyle in the joint, and fixed
with a Fixation—Button, while a femoral hole was pre-
pared around 11 o’clock of the intercondylar space in
the case of a right knee from inside the joint and
fixed with an Endobutton in the [-O technique
(Acufex Microsurgical, Mansfield, MA)®.

The O-I technique requires two incisions : an
anteromedial incision for the tibial work and a lateral
incision for the femoral metaphysis. The I-O tech-



nique requires only one anteromedial incision, and
the femoral tunnel is drilled inside—out through the
tibial tunnel.

In addition, the tibial hole was prepared in the pos-
terior of the extended Brumensaat’s line, in a totally
extended position and fixed with a Fixation—Button.
Notch plasty was perfomed during the operation, if
necessary.

2. Rehabilitation protocol

Patients in both groups followed the same early
rehabilitation protocol. Range of motion exercise
using a continuous passive motion device was started
immediately after surgery, and weight—bearing was
initiated within the first week. Jogging was allowed
three to four months after surgery, and sports activi-
ties were allowed at more than six months after
surgery, depending on the condition of the knee in
each patient. The postoperative treatment was aimed
at early complete extension and flexion, and no brace
was used.

3. Clinical evaluation

We evaluated the one—year follow—up results in
this study using the Lysholm score and the assess-
ment according to the International Knee Documen-
tation Committee (IKDC Knee Ligament Standard
Evaluation Form).

4. Follow—up arthroscopic evaluation

Arthroscopic findings of the reconstructed liga-
ments at 1 year after the operation were used as the
means of assessment.

As to the arthroscopy findings, 3 items including
the thickness, tension and capsulation of the synovial
membrane were assessed in 4 grades (Fig. 1). The
case shown in Fig. 1a was assessed as excellent.
Due to some fraying in the anterior fibers, the case in
Fig. 1b was assessed as good. The case in Fig. 1c
was judged as fair, because of a partial tear in the
anterior fibers on the femoral side. As there was no
capsulation of the synovial membrane and no ten-
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sion, the case in Fig. 1d was assessed as poor.

5. Statistical analysis

Statistical analysis was performed using the Mann
—Whitney’ U test and chi—square test for indepen-
dence.

Results

1. Diameter of the graft

The mean diameters of the grafts measured during
surgery were 8.3 mm (range : 8—10 mm) in the O-1I
Group, and 8.7 mm (range : 8-10 mm) in the I-O
Group. There was no significant difference between
the two groups.

2. Range of motion

Three patients in each group showed an extension
deficit of 3-5°. In each group, only one patient
showed a flexion deficit of 10°. There was no signifi-
cant difference between the two groups.

3. Anterior Knee Laxity Measurements using the
KT1000

Anterior translation as measured by KT-1000
(MedMetrics, San Diego, CA) was graded A in 11
patients and B in 6 patients in the O—I Group, and A
in 11 patients, B in 5 patients, and C in 1 patient in
the I-0 Group. No patient was graded D.

The mean side—to—side difference was 1.7 + 1.5
mm in the O-I Group, and 2.0 + 4.4 mm in the I-O
Group (Table 1), with no significant difference.

4. Lysholm score

The mean Lysholm score was 95.1 (range : 65—
100) in the O—I Group, and 94.9 (range : 86—100) in
the I-0O Group (Table 1). The difference was not
statistically significant.

5. IKDC evaluation form

The lowest grade of the four evaluation parameters
(patient subjective assessment, symptoms, range of
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Fig. 1 Arthroscopic findings.
a : Excellent, b : Good, ¢ : Fair, d : Poor.

motion, and ligament examination) was used as the
final assessment value.

Two patients were graded A, 13 as B, and 2 as C in
the O—I Group, and 3 as A, 11 as B, and 3 as C in the
I-0O Group (Table 1). There was no significant dif-
ference between the two groups.

6. Arthroscopic findings

Arthroscopic findings did not indicate any signifi-
cant differences between the groups (Table 2).
However, some differences in slight fraying and
minor tears in the ligament were observed. A few of
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those using in the O—I Group demonstrated fraying
in various manners such as mostly in the anterior in
2 cases, and laterally in 2 other cases (Fig. 2).
However, fraying and small tears were mainly
observed in the anterior in the I-O Group (anterior
in 4 cases and all over in 1 case) (Fig.3) (Table 3).

Discussion
There have been various studies comparing the O

—I and I-0O techniques in ACL reconstruction, with
many of them reporting that the outcomes were all



Table 1

Outside-In Technique  Inside-Out Technique

Diameter of the graft 8.3 mm 8.7 mm
K-T2000
A(-1~2mm) 11 11
B (3~5,-1~-3mm) 6 5
C(6~10,<-3mm) 0 1
D (10mm<) 0 0
Mean side-to-side
diference 1.7mm 2.0mm N.S
Lysholm Knee
Scoring scale
95.1 949
IKDC
Final Evaluation
A 2 3
B 13 11
8. 2 3
D 0 0 N.S
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Table 2 Arthroscopic evaluation

Outside-In Technique  Inside-Out Technique

Excellent 8 6
Good 6 7
Fair 3 2
Poor 0 1

N.S.

Table 3 Slight fraying and minor tears

Outside-In Technique | Inside-Out Technique

Mainly anterior fibers 2 4
Mainly lateral fibers 2 0
All over 0 1 N.S.

Fig. 2 Outside—In technique.

favorable and that there was almost no significant dif-
ference in the clinical results and knee stability
between them” ~ .

Similar results were obtained in the present study
as well. There was no statistical significance between
the two groups in the KT difference between the

Fig. 3 Inside—Out technique.

affected and normal sides, in Lysholm knee scoring
scale, and in IKDC. However, satisfactory results
were not obtained in all the cases. Arthroscopy occa-
sionally indicated a slight fraying in the ligament. In
some cases, the arthroscopy assessment and clinical
results were not necessarily correlated'” " and this
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has been considered to be a factor for poor progno-
sis.

The mechanical stresses imposed on the recon-
structed ligament include notch impingement in the
intercondyle'?’ |, windshield wiper motion in the aper-
ture of the drilled hole, and length change'® ¥ in
the entire ligament. Of these stresses, windshield
wiper motion and length change have demonstrated
different patterns between the groups.

Notch impingement could be prevented to some
extent because it was possible to check the status
under the arthroscope and perform notch plasty dur-
ing the operation, if necessary. However, arthro-
scopy findings such as re—growth and the inter-
condyle pressurized by a so—called Cyclops lesion'®’
and osteophytes are sometimes observed after the
operation. These stresses are loaded on the lateral
fibers of the reconstructed ligament in the case of
wall impingement, and mainly on the anterior fibers
in the case of roof impingement. However, notch
plasty was not performed in the follow—up arthro-
scopy in any of the cases in the present study.

The stress on the aperture of the femoral hole
which demonstrated a difference between the groups
is considered to be concentrated on the flexing site
when the knee is bent until the reconstructed liga-
ment and the hole are firmly fixed. The stress is
expected to be imposed in the lateral fibers of the lig-
ament in those operated on using the O—I technique
and in the anterior fibers in those who underwent the
I-0 technique.

Attention should be paid to the isometric point
according to many reports made on this subject. A
reverse over—the—top pattern is formed when the
hole is prepared somewhat forward of the isometric
point in the femoral side, and this may cause stress in
the ligament in the flexed position when the ligament
is fixed in the extended position. It is also difficult to
achieve complete isometry over all the fibers in the
case of reconstruction of a wide ligament. Especially,
the I-0 technique has the risk of the femoral hole
being drilled in the anterior so as not to damage the
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posterior wall. This may increase the stress in the
anterior fibers. Based on the above, the site in the
ligament subject to mechanical stress was compared
between the two surgical techniques. In the O-I
technique, the stress in the ligament fibers is dis-
persed. However, in the I-0 technique, there is a
possibility that the stresses of notch impingement on
the intercondyle, windshield wiper motion in the
aperture of the femoral hole and length change are
centralized in the anterior fibers.

Conclusion

1. The postoperative arthroscopy findings were com-
pared between the O-I technique and the I-0O
technique in patients who underwent ACL recon-
struction by multiple folding of knee flexor ten-
dons.

2. Although the observation period was rather short,
there was no significant difference in the clinical
results and postoperative arthroscopy findings
between the two methods.

3. Fraying mainly in the anterior fibers was
observed, in those operated using the [-O tech-
nique.

4. Tt is considered likely that the stresses are con-
centrated in the anterior fibers, in those operated
using the I-0 technique.
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@ Abstract

In order to investigate the effect of the femoral bone tunnel length, two groups were chosen
from our ACL reconstruction series. In Group 1, the femoral bone tunnel was produced using
the Outside—In (OI) technique and a skin incision (n = 15). In Group 2, the femoral bone tun-
nel was made using the Inside—Out technique and femoral fixation was performed using the
Endobutton technique (EB ; n = 38). The Lysholm score, IKDC score, and side—to—side differ-
ence in anterior laxity measured using a KT—-2000, demonstrated no significant difference
between the two groups. The femoral bone tunnel length of Group 1-0I (27.9 + 3.4mm) was
significantly shorter than the length of Group 2-EB (48.2 + 7.7mm ; p< 0.05). In summary,
the femoral tunnel length was significantly longer in the Group 2—-EB, and at 1 year after
surgery, no significant difference was demonstrated in Lysholm score, IKDC score or in anterior
laxity measured using a KI'-2000 between two groups.
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Introduction

Introduction of the Endobutton (Smith & Nephew
Endoscopy, Andover, MA, USA) has produced an
easy and fast fixation method in anterior cruciate liga-
ment (ACL) reconstruction. In this method, the
femoral-sided Endobutton and a tibial-sided screw
or staple is used to achieve the hamstring tendon
graft fixation. The amount of graft motion within the
bone tunnels, and the effects of cyclic loading on the
graft are important variables for biological fixation of
the graft!’. Longitudinal graft tunnel motion
(bungee effect) describes motion of the graft along
the axis of the bone tunnel. Graft motion can also
occur in the sagittal plane when the graft moves ante-
riorly and posteriorly within the bone tunnel (wind-
shield wiper effect).

Hamstring grafts are utilized with tapes or strings
which have various biomechanical properties, and
these two effects can easily occur when the total graft
length is long. The total graft length depends upon
several factors, one of which is bone tunnel length.
In the present study, in order to investigate the effect
of the femoral bone tunnel length, two groups were
chosen from our ACL reconstruction series. The
purposes of this study were to compare two different
ACL reconstruction techniques and to investigate
any clinical differences in regard to the femoral bone
tunnel length.

Materials and Methods

A retrospective study of all patients undergoing

ACL reconstruction with multiplied hamstring ten-
don autografts in our institute was undertaken.
During the 36—month period between February 1997
and August 1998, 53 consecutive patients underwent
primary ACL reconstruction using hamstring ten-
dons. In this study, cases with reconstruction using
the iliotibial tract, bone—patella tendon—bone and
cases requiring multiple ligament reconstructions
were eliminated. The 53 patients in this study were
then divided into two groups according to their surgi-
cal treatment.

Group 1-0I consisted of 15 patients (5 male, 10
female, average age 19.3 years) who underwent ACL
reconstruction using the Outside—In (OI) femoral
bone tunnel technique and a skin incision. The har-
vested semitendinosus tendon was folded three or
four times, and if necessary, the doubled gracilis ten-
don was added. The graft was connected with non—
absorbable strings (No.2 Ethibond ; Ethicon, Somer-
ville, NJ, USA) at both ends and passed through the
lateral femoral condyle into the proximal tibia
through the knee joint, then fixed with post—screws
in both femoral and tibial sides (Fig. 1).

Group 2-EB consisted of 38 patients (21 male, 17
female, average age 22.4 years) who underwent ACL
reconstruction using the Endobutton (EB) tech-
nique, consisting of femoral bone tunnel and femoral
end graft fixation. Merciline tape (Ethicon, Somer-
ville, NJ, USA) or Endobutton tape (Smith &
Nephew Endoscopy, Andover, MA, USA) was used
to connect the Endobutton and the graft consisting of
the folded semitendinosus (and gracilis) tendon (s).
The tibial side was connected with non—absorbable
strings (No.2 Ethibond) and fixed using a post—

29



BAR&sE VOL20 NO4 408

Fig. 1 Group 1-0Ol. The femoral bone tunnel was produced using
the Outside—In technique and a skin incision (A). The graft
was fixed with post—screws in both the femoral and the tibial

sides (B).

Fig. 2 Group 2—-EB. The femoral bone tunnel was made using the
Inside—Out technique (A), and femoral fixation was per-
formed using the Endobutton technique (B).

screw (Fig. 2).

All patients had reconstruction performed by two
surgeons (M.S., AT.). Similar indications were fol-
lowed, with all patients presenting symptomatic insta-
bility and objective patholaxity as defined by manual
ligament and instrumented arthrometer (KT-2000 ;
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MEDmetric, San Diego, CA, USA) testing, and
patients were divided into two groups randomly. At
one year after reconstruction, assessment of the two
groups was performed by Lysholm? and IKDC
(International Knee Documentation Committee) *’
scores. Further anterior posterior laxities measured



Fig. 3 The femoral bone tunnel length of
Group 1-0OIl was measured from a
radiograph at 1 year post—surgery
(arrow).

by KT-2000 and femoral bone tunnel length were
evaluated. The femoral bone tunnel length of Group
1-0I was measured from a radiograph at 1 year post
—surgery (Fig. 3), and the tunnel length of Group 2-
EB was measured intra—operatively. Statistical
analysis was performed with ANOVA (analysis of
variance), and a level of significance at p = 0.05 was
applied to compare the two groups.

Results

The Lysholm score (mean + S.D.) was 97.6 + 3.8
in Group 1-0I, and 97.4 + 3.3 in Group 2-EB, with
no significant difference. Table 1 shows the final
evaluation of each group based upon the IKDC scor-
ing scale. Overall, good to excellent results were not-
ed in 88 % of Group 1-OI patients and in 90 % of
Group 2—-EB patients, with no significant difference.
The side—to—side difference in anterior laxity
(mean £+ S.D.) measured using the KT-2000 was
1.8 £2.1 mm in Group 1-0I, and 2.2 + 1.7 mm in
Group 2—-EB, with no significant difference.
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Table 1 IKDC final evaluation

IKDC Group Group 1-OI Group 2-EB
Grade N=15 N=38

A (Excellent) 8 (53%) 12 (32%)

B (Good) 5 (33%) 22 (58%)

C (Fair) 2 (12%) 4 (10%)

D (Poor) 0 0

The femoral bone tunnel length (mean + S.D.) of
Group 1-0OI measured on a radiograph was 27.9 +
3.4 mm, and of Group 2—EB measured intra—opera-
tively was 48.2 = 7.7 mm. The femoral bone tunnel
length of Group 1-0I was significantly shorter than
the tunnel length of Group 2-EB (p < 0.05).

Discussion

In Group 1-0I, the femoral bone tunnel was creat-
ed by the Outside—In technique with a modified over

—the—top route* >

. In this technique, the femoral
tunnel is located on the coronal plane of the femur,
and the length is measurable on a radiograph A—P
view. In contrast, the femoral bone tunnel length of
Group 2-EB was measured intra—operatively.
Although the method of measurement differed
between two groups, the tunnel length of Group 2-
EB was significantly longer than that of Group 1-0I
(p<0.05).

The magnitude of graft tunnel motion (bungee
effect, windshield wiper effect) can theoretically be
increased by fixation of the graft distant from the
joint line or osseous tunnel entrance. In a biome-
chanical study, graft fixation distant from the joint
line resulted in significantly more anterior laxity than
did graft fixation near to the joint line® . Graft tunnel
fixation, such as tendon bone healing, progressed
from random collagen fiber to longitudinal orienta-
tion (Sharpey’s fibers) over the initial 12 weeks. A
uniform sinusoidal crimp pattern similar to that seen
in normal ACL was observed, and graft tunnel fixa-
tion was mostly completed, by 24 weeks”®. In the

31



BZRKE VOL20 NO4 410

present study, the same operative technique as tibial
bone tunnel and tibial fixation, same graft material
property and the same protocol of rehabilitation were
employed in both groups. The femoral tunnel length
was significantly longer in Group 2—EB, and at 1 year
after surgery no significant difference was demon-
strated in Lysholm score, IKDC score or in anterior
laxity measured using the KT—2000, between the two
groups. In conclusion, the femoral bone tunnel
length did not influence clinical results including
Lysholm score, IKDC score and anterior laxity.
However, a longer term follow—up and precise com-
parison are needed to reveal the significance of these
findings.

References

1) Fu FH et al : Current trends in anterior cruciate
ligament reconstruction. Am J Sports Med, 27 :
821-830, 1999.

2) Lysholm J et al : Evaluation of knee ligament
surgery results with special emphasis on use of
a scoring scale. Am J Sports Med, 10 : 150—-154,

32

1982.

Hefti F et al : Evaluation of knee ligament
injuries with the IKDC form. Knee Surg Sports
Traumatol Arthroscopy, 1 : 226—234, 1993.
Moriya H et al : ACL reconstruction using iliotib-
ial band. Jpn J Orthop Sports Med, 8 : 25-27,
1989 (in Japanese).

Tsuchiya A et al : Postoperative results of an
improved technique of anterior cruciate liga-
ment reconstruction using iliotibial tract. ]
Tokyo Knee Society, 15 : 100-103, 1994 (in
Japanese).

Ishibashi Y et al : The effect of anterior cruciate
ligament graft fixation site at the tibia on knee
stability. Arthroscopy, 13 :177-182, 1997.
Rodeo S et al : Tendon—healing on a bone tun-
nel. J Bone and Joint Surg, 75—A : 1795-1803,
1993.

Goradia V et al : Natural history of a hamstring
tendon autograft used for anterior cruciate liga-
ment reconstruction in a sheep model. Am ]
Sports Med, 28 : 40—46, 2000.



BZRAFE VOL20 NO4 411

Posterior Cruciate Ligament Injury and
Return to Sports Activities
BREHR+TFHHREEEAR—YVERICOVT

Hideo Matsumoto

Yasunori Suda

Kyosuke Fujikawa

BAR FHV Toshiro Otani K& BERY
Z: 1 3 Yasuo Niki A EERD

EENIES

@ Key words

Knee joint : Posterior cruciate ligament : Reconstruction

MEBEES, Bt ilhr, PR

@ Abstract

The reasons why sports activities were not severely affected by posterior cruciate ligament

(PCL) injury, were analyzed based on our original data and a review of the literature. The first

reason was that subjective instability was not severe in PCL injury, and this may be attributable

to 1) the posterior inclination of the tibial plateau, by which the posterior instability is con-

strained by the axial load itself ; 2) the smaller magnitude of posterior instability in extension ;

and 3) the presence of a substantial remnant. The second reason was that secondary changes in

the menisci and articular cartilage were relatively mild. The third was that the patients with a

PCL injury were fundamentally less active, and thus their rate of return to their original level of

sports activity was calculated as high. For these reasons, their activities were not severely

affected, and this has been the main reason for PCL injury usually being treated conservatively.
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Introduction

Knee ligament injury often impedes the sports
activities of athletic people. Anterior cruciate liga-
ment (ACL) injury, in particular, sometimes ends
their sports life! ~%'. In contrast, it has been report-
ed that sports activities were not severely affected by
a posterior cruciate ligament (PCL) injury®®’, and
several reasons have been cited for this : 1) subjec-
tive instability in PCL injury was not as severe as in
ACL injury*®’; 2) secondary changes in the menisci
and articular cartilage were relatively mild compared
with ACL injury® ; and 3) PCL~injury patients were
fundamentally less active than ACL—injury patients,
since most PCL injuries were caused by a traffic acci-
dent rather than by sports”’. In this paper, each of
these explanations was analyzed based on our origi-
nal data and the existing literature, and the policy of
PCL treatment is discussed.

Subjective Instability in PCL Injury

The PCL is a strong ligament. Its tensile strength
is approximately twice that of the ACL® | and it is the
primary restraint of posterior instability in the knee
joint. Thus, substantial posterior instability occurs,
when it is injured. Suda reported that the increase in
anterior—posterior directional instability in PCL
injury was between 2.4 and 10.1 mm, depending on
the flexion angle examined® . However, it has been
reported that PCL injury patients usually complained
of less subjective instability, than ACL injury patients.
Shino et al reported that 14 of 15 patients who were
treated conservatively remained athletically active®’.
Torg et al stated that solitary PCL injury patients will
remain symptom—free® . Thus, in the literature it is
recognized that the subjective instability in the PCL
injury was not as severe as in ACL injury, even
though the objective instability was usually severer.

One of the reasons for this lies in the posterior
inclination of the tibial plateau. Higgins reported that
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the tibial plateau was posteriorly inclined at an aver-
age of about 7°, based on a cadaveric study!?.
Because of this posterior inclination, an axial load
placed on the tibia by weight bearing at relatively
extended positions produces an elemental force in
the anterior direction (Fig. 1). The tibia may dis-
place anteriorly because of this anterior elemental
force if the ACL is torn, but the joint is somewhat sta-
bilized by weight bearing in a PCL-injured knee.
This may be one of the reasons for the subjective
instability of a PCL injury not being as severe in daily
life or sports activities as the subjective instability of
an ACL injury.

Another possible reason is that the magnitude of
posterior instability due to PCL injury is severer in
flexion and milder in extension. Our original data
from a cadaveric study showed that the magnitude of
posterior translation after sectioning of the PCL was
10.1 mm at 90° of flexion, 9.0 mm at 60°, 6.9 mm at
30°, 5.0 mm at 15°, and 2.4 mm in full extension®’
(Fig. 2). Similar results were obtained in other stud-

11,12)  Therefore, even if

ies, both iz vivo and in vitro
a substantial posterior drawer sign is observed at 90°
of flexion, sports activities are not seriously affected,

as the knee is usually used in a flexion range below

g

Posterior
inclination 7°

Fig. 1 Posterior inclination in the tibial plateau.
Because of this posterior inclination, the axial
load placed on the tibia by weight bearing at
relatively extended positions produced an ele-
mental force in the anterior direction.



60° in ordinary sports activities.

In addition, a substantial remnant usually remains
after PCL injury, which means that a firm end—point
remains'®’. This may be another reason for the sub-
jective instability not being as severe as in ACL
injury. Our quantitative data obtained using a KT—
2000 knee arthrometer showed a significant decrease
in the anterior terminal stiffness, representing an
anterior end—point, in the ACL—injured knee, but no
significant change in the posterior terminal stiffness
in the PCL-injured knees'® (Fig.3). This was con-
sistent with the experience of Jacob who stated, “We
have repeatedly observed that, despite an increased
posterior translation of 10 mm, the posterior end

»14) " However, it

point at 80° of flexion was still firm
is also true that the pathology of PCL injury is not
uniform, and that there are some PCL—injured knees
in which the posterior terminal stiffness is substan-

tially reduced ' (Fig. 4).

Secondary Changes in the Menisci
and Articular Cartilage

The second factor is that the secondary changes in

Normal side ACL-Injured
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15 0 ()
flexion angle

Fig. 2 Magnitude of posterior translation under a
147N posteriorly directed force after section-
ing of the PCL.

The magnitude of the posterior translation is
severer in flexion and milder in extension.

the menisci and articular cartilage are relatively mild
in PCL injury, and these are the major factors in ACL
injury patients not returning to their original level of
sports activities '’

Our data showed that meniscal injuries combined
with PCL injury occurred in 17 % of patients within
one year after the injury, 20 % between one and two
years, and in 16 % at more than two years®. These
figures were much lower than those after ACL injury

Normal side PCL-Injured
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Fig. 3 Typical force—displacement curves obtained using a KT—-2000 knee arthro-

meter.

A decrease in anterior terminal stiffness (ATS) was often observed in the
ACL injured knees, but no significant change in posterior terminal stiffness

(PTS) in the PCL injured knees.
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Fig. 4 Distribution of the posterior terminal stiffness
(PTS) in PCL—injured knees.
There were some PCL-injured knees in which
the posterior terminal stiffness was substantial-
ly reduced.
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Fig. 6 Incidence of secondary osteoarthritic changes.
At one year after the injury, moderate changes
were observed in only 12 % of the PCL injured
patients, and no severe change was observed
in any of them.

(Fig. 5). At one year after the injury, moderate
osteoarthritic changes were observed in only 12 % of
the PCL—injury patients, and no severe changes were
observed in any of them® (Fig. 6). One of the rea-
sons for this low incidence of secondary changes
after PCL injury may also lie in the posterior inclina-
tion of the tibial plateau. This posterior inclination
stabilizes the posterior instability when the axial load
is applied to the joint, as described before, and no
large shearing force is applied to the menisci and
articular cartilage. Another reason for the low inci-
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Fig. 5 Incidence of combined meniscal injuries.
The incidence of combined meniscal injuries in
PCL injury was much lower than in ACL injury.

dence of secondary changes is that PCL injury
patients are less active than ACL injury patients, as
described in the next section.

Activity Level of PCL Injury Patients

PCL injury patients are fundamentally less active
than ACL injury patients, which is one of the reasons
for the high return rate to their original sports level.
We reviewed 86 patients who underwent a PCL
reconstruction in our institutes, and analyzed their
activity levels and causes of injury. They consisted of
75 males and 11 females, with an average age of 26.
Our data showed that 60 % (involving 52 of 86
patients) of the PCL injuries were caused by a traffic
accident, and that most of these (40 of the 52 patients
: 77 %) were due to a motorcycle accident, which is
in contrast to the fact that more than 90 % of ACL
injuries were caused by sports (Fig. 7). In addition,
active athletes (who regularly engage in sports three
times a week or more) represented only 15 % of the
PCL injury patients, as opposed to 75 % of the ACL
injury patients (Fig. 8). Thus, the fact that the origi-
nal activity level of PCL—injury patients was funda-
mentally low is one of the reasons why the rate of
return to their original level of sports activities was
high.



Discussion

According to the various factors, described above,
all of which have a mutual affect on each other, many
PCL—injury patients can return to their original level
of sports activities. Therefore, PCL reconstructive
surgery is not required in most PCL—injury cases,
even if gross objective instability persists. This high
rate of return to their pre—injury level seems to be
the main reason that PCL injury is usually treated
conservatively.

However, it is also true that there are quite a few
patients who are athletically active and complain of
subjective posterior instability during sports depend-
ing on the sports activities and events. In addition,
the pathology of the instability is not the same in
every case, and there are some PCL injured knees in
which a relatively soft posterior end—-point is
observed, as described above. Therefore, it is impor-
tant not to treat PCL injury uniformly, but by taking
into consideration the specific pathology and activity
in each case.

D : class-4 (competitive)
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Fig. 7 Initial causes of PCL injury and ACL injury.
60 % of the PCL injuries were caused by a traf-
fic accident and most of them (77 %) were due
to a motorcycle accident, which is in contrast to
the fact that more than 90 % of the ACL
injuries were caused by sports injury.
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Active class—3 or class—4 athletes comprised only 15% of the
PCL injury patients, as opposed to 75% of the ACL injury

patients.
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Reconstruction of Posterolateral Rotatory Instability
in the Elbow : A Case Report
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@ Key words
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@ Abstract

Recurrent posterolateral rotatory instability in the elbow has been described recently as a clin-
ical entity. It follows injury to the lateral ulnar collateral ligament. Posterolateral rotatory insta-
bility is the most common pattern of elbow instability especially that which is recurrent, and is
usually post—traumatic and caused by inadequate soft tissue healing. A 22—year—old male sol-
dier, fell on his outstretched hand and injured his right (dominant) elbow. A pivot shift test was
done under anesthesia, with the patient in the supine position and the affected arm overhead,
holding the wrist and forearm starting from the extended elbow to slight flexion while applying
valgus axial compression and supination momentum. The lateral ulnar collateral ligament was
reconstructed using the palmaris longus tendon. Creating a hole for the suture anchor system
(MITEK G-I, Linvatec, USA) one proximally at the anatomic site of attachment (isometric
point in the lateral epicondyle) and another distally near the supinator crest of the ulnar, a ten-
don graft was fixed. At 4 months after the operation, a functionally good result was obtained.
This is a case report illustrating the clinical features and anatomic study of posterolateral rotato-
ry instability in the elbow and its reconstruction using the palmaris longus.
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Introduction

Recurrent posterolateral rotatory instability in the
elbow is rare and has been described recently as a
clinical entity by O’Driscoll et al’. It is known to
result from an injury to the lateral ulnar collateral lig-
ament following trauma such as subluxation, disloca-
tion or fracture, repeated overloading in the cubitus
varus deformity, and as sequella from tennis elbow
operation. This ligament laxity leads to rotatory sub-
luxation in the ulnohumeral joint, and is confirmed
by kinematic study? .

In many patients with a recurrent posterolateral
rotatory instability, clinical subluxation does not
occur. However in some patients, it may appear to be
distinct with provocative maneuver. This is a case
report illustrating posterolateral rotatory instability,
its provocative test —the pivot shift test proposed by
O’Driscoll— and its reconstruction using the pal-
maris longus tendon.

Fig. 1 The positive pivot shift test of the elbow.

Holding the wrist and keeping the forearm fully
supinated starting from the extended elbow to
slight flexion while applying valgus axial com-
pression and supination momentum. This creat-
ed a semi lunar notch in the ulnar separated
with radius from the humerus posterolaterally.
Subluxated radial head and ulnar (R & U) with
typical skin dimple proximal to the radial head
(circle in the right).
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Case Report

A 22-year—old male soldier fell on his out-
stretched hand in 1995 and injured his right (domi-
nant) elbow. His elbow became swollen painfully.
He was treated by a general physician at first, and his
elbow was not immobilized. Having been subluxated
4 times between 1995 and 1999, he felt serious appre-
hension and complained of recurrent symptoms of
instability in more than 20 episodes over 5 months
during military service. The diagnosis of the refer-
ring medical officer was recurrent dislocation of
elbow and loose body. Routine physical examination
was stable clinically, except when full extension of
the elbow and supination of the forearm was attempt-
ed. Even under general anesthesia, no sign of valgus
or varus instability was found except in the pivot shift
test of elbow. An X-ray showed a small osteochon-
dral fragment around the lateral epicondyle of the
elbow.

1. Pivot shift test for posterolateral rotatory instabi-
lity 1~ 4

This test produces rotatory subluxation in the
ulnohumeral joint holding the wrist, keeping the fore-
arm fully supinated starting from the extended elbow
to slight flexion while applying valgus axial compres-
sion and supination momentum. This creates a semi
lunar notch in the ulnar, separated with radius from
the humerus posterolaterally. At 30—40 degrees flex-
ion, maximal separation occurs which demonstrates
posterior prominence (subluxated radius and ulnar
from humerus) and a skin dimple proximal to radial
head (Fig. 1). The radiograph reveals posterolateral
subluxation in the radial head and marked widening
in the ulnohumeral articulation due to the rotatory
subluxation (Fig. 2). As the elbow is flexed to 40
degrees or more, radiohumeral joint reduction
together with ulnohumeral joint reduction occurs
with a visible palpable clunk (Fig. 3).



Fig. 2 Lateral radiograph simultaneously with photo-
graph in Fig 1.
Posterolateral subluxation in the radial head and
marked widening in ulnohumeral articulation due
to rotatory subluxation.

2. Operative treatment®

The ulnar part of the radial collateral ligament was
reconstructed using the palmaris longus tendon.

Technique of reconstruction of the ligament : The
elbow was approached through a modified Kocher

“incision. The common extensor origin was elevated
to reveal the origin of the ligament complex at the lat-
eral epicondyle and distally between the anconeus
and extensor carpi ulnaris, the supinator crest of the
ulnar was exposed. An excessively stretched pos-
terolateral capsule was observed. However, no defi-
nite ulnar collateral ligament was observed which is
an essential lesion in posterolateral rotatory instabili-
ty.

The pivot shift test showed subluxation in the radi-
al head with a stretched and redundant posterior cap-
sule of the radiohumeral joint (Fig. 4). Reconstruc-
tion was done using the autogenous palmaris longus
tendon. Creating the holes for the anchor system
(MITEK, G-II Linvatec, USA), one proximally at the
anatomic site of attachment (isometric point of later-
al epicondyle) and the other distally just posterior to
the supinator crest of the ulnar, the palmaris longus
graft was placed posterior to the radial head. The
length of tendon needed was approximately 3.5 cm.
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Fig. 3 As the elbow is flexed 40 degrees or more, the
radiohumeral joint reduction together with ulno-
humeral joint reduction occurs with a visible pal-
pable clunk.

Disappearance of skin dimple (circle in the right).

Fig. 4 Lateral view of the right elbow at surgery.
Through a modified Kocher approach, retracting
the extensor carpi ulnaris anteriorly, the an-
coneus was reflected posteriorly. The positive
pivot shift test revealed posterolateral subluxa-
tion in the radial head and laxity in the overlying
capsule (white arrow).

Holding one tied knot at the distal point and keeping
its tension, a proximal suture knot was tied at 30
degrees elbow flexion (Fig. 5). The exact placement
of the tendon was determined during the operation to
avoid any impingement.

41



BZRASS VOL20 NO.4 420

i

Fig. 5 Lateral view of the right elbow at surgery.
Reconstruction of the lateral ulnar collateral liga-
ment using the palmaris longus. Suture anchor
at the proximal and the distal isometric points
with the tendon graft placed posterior to the radial
head.

3. Post—operative care

The elbow was immobilized in a long arm cast for
6 weeks with 90 degrees flexion and pronation state.
Then a hinged posterior splint was applied to start
active elbow exercise, which prevented extension
beyond 30 degrees for 4 weeks. Then a splint was
worn for another 4 weeks.

4. Results and follow—up assessment

The result was assessed with respect to stability
and range of motion. At 4 months after the opera-
tion, the elbow had gained almost full range of
motion with no pain and no subjective symptom of
instability (Fig. 6). Objective posterolateral instabili-
ty was negative. A long—term follow—up to monitor
the suture anchor system longevity is necessary.

Discussion

Recurrent posterolateral rotatory instability in the
elbow is caused by trauma, surgical violation of the
lateral ulnar collateral ligament in tennis elbow or
repeated over—loading in the cubitus varus.
O’Driscoll et al thought that the pathoanatomy of the
elbow instability was a circle of soft tissue and bone
disruption from the lateral to medial staging from 1
to 3. Thus dislocation is the final stage 3 of the insta-
bility, starting from posterolateral instability to com-
plete dislocation® . The cause by inadequate healing
of the lateral collateral ligament complex compared
to medial remains unclear.

The lateral collateral ligament complex has been
overlooked compared to the medial because of the
bony and muscular constraint such as anconeus and

Fig. 6 Lateral radiographs at 4 months after the operation, almost full

range of motion was gained.
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common extensor’’. The course of the radial collat-
eral ligament is fan shaped, and poorly demarcated
from lateral epicondyle into the annular ligament® .
It is thought to be the main stabilizer of varus force.
But the lateral ulnar collateral ligament was revealed
to be the main constraint to posterolateral rotatory
instability kinematically by O’Driscoll et al?’. How-
ever Kim et al reported the functional anatomy of the
lateral ulnar collateral ligament, and there was vesti-
gial LUCL (lateral ulnar collateral ligament) and no
LUCL?. In our study, we could not identify a defi-
nite ligament structure originating from the lateral
epicondyle to the supinator crest. Thus, this case
might be vestigial or no LUCL type. Only the pos-
terolateral capsule was redundant and overly
stretched, which is known as the 2nd restraint to
posterolateral instability > ® .

Patients with posterolateral instability usually com-
plain of instability, locking, painful click and snapping
of the elbow!?”’. The pivot shift test was performed
with the use of local anesthesia, this elicits frank sub-
luxation clinically and radiographically. The test is
applicable for an awake patient but is more success-
ful under general anesthesia. This test is not easy
one because of its rarity but once it has been prac-
tised it can be reproducible and is most sensitive !’.

The goal of the treatment is to restore functional
integrity to the lateral ulnar collateral ligament.
O’Driscoll et al made the tendon graft threaded into
the bone tunnel and sutured to fix the tendon graft®’,
but we fixed the tendon graft using a commercial
suture anchor system (MITEK GII, Linvatec, USA)
with its initial pull-out strength in the operation field.
The biomechanical test is expected to compare the
security and strength of the fixation materials.

Summary

The pathoanatomy of posterolateral rotatory insta-
bility appears to be insufficiency in the ulnar collater-
al ligament. Diagnosis is difficult, but it can be diag-
nosed using the pivot shift test for posterolateral rota-
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tory instability. The goal of treatment is to restore
the functional integrity to the lateral ulnar collateral
ligament. Here we have presented our approach to
restore the functional anatomy to the ulnar part of
the radial collateral ligament using the palmaris
longus, for successful treatment of recurrent postero-
lateral rotatory instability.
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Modified Transglenoid Suture Reconstruction

of an Anterior Labroligamentous Periosteal

Sleeve Avulsion (ALPSA) Lesion
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@ Key words
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@ Abstract

Introduction : Thirty—two cases of anterior labroligamentous periosteal sleeve avulsion (ALP-
SA) were found in the treatment of recurrent anterior shoulder instability, between January 1988
and March 1998 and were followed for a minimum follow—up of two years.

Methods : The average age at operation was twenty—seven years. There were 26 men and 6
women. All patients were treated with our modified transglenoid suture technique. After libera-
tion of the anterior labroligamentous periosteal sleeve avulsion (ALPSA) lesion, we classified
the type of lesion into Rhee’s classification of Bankart lesion (type Ia, b—IVa, b), according to
the liberated status of the inferior glenohumeral ligamentolabral complex. We performed reat-
tachment of the detached glenohumeral ligamentolabral complex to the glenoid neck according
to our modified transglenoid suture technique.

Results : None of the 32 patients experienced any intra—operative complication or infection.
All patients had nearly full, painless range of motion and had no recurrence. Among the 32 ca-
ses, a satisfactory result was obtained in 30 cases according to the Rowe rating scale.

Discussion and Conclusion : We found various types of anterior labroligamentous periosteal
sleeve avulsion (ALPSA) arthroscopically, and our proposed classification and modified trans-
glenoid capsulolabral reconstruction could be applied to each type of anterior labroligamentous
periosteal sleeve avulsion (ALPSA) lesion. So, in the classification and treatment of anterior
labroligamentous periosteal sleeve avulsion (ALPSA), we propose our new classification and
modified arthroscopic transglenoid capsulolabral reconstruction.
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Introduction

Traumatic recurrent anterior glenohumeral insta-
bility is a common clinical problem that can lead to
significant disability. Perthes and Bankart have
described a lesion in the anterior inferior labroliga-
mentous structures related to anterior unidirectional
dislocations and subluxations in the shoulder known
”1.2)  This lesion pre-
sents as an avulsion in the anterior inferior gleno-

commonly as a “Bankart lesion

humeral ligament and labral complex from the anteri-
or rim of the glenoid. The anterior scapulae perios-
teum ruptures and allow the labral complex to float
anterior to the glenoid with an obvious space
between it and glenoid rim.

The clinical literature has indicated the Bankart
lesion is the most common pathology® ~®. The inci-
dence of this lesion has ranged from 45 to 100 per-
cent in series that have been reported since 1948.
But many studies revealed that other pathology
could lead to anterior glenohumeral instability. With
the advent and advancement in shoulder arthro-
scopy. A newly described lesion with anterior shoul-
der instability has recently been noted by Neviaser”’
in his recognition of the anterior labroligamentous
periosteal sleeve avulsion (ALPSA) lesion, and
Wolf’s® documentation of the humeral avulsion in a
glenohumeral ligament (HAGL) lesion. Some
authors have observed that capsular laxity®? and a
midcapsular tear can cause anterior shoulder instabil-
ity. An ALPSA lesion is similar to a Bankart lesion
but differs in that the anterior scapular periosteum
does not rupture, and the anterior glenohumeral liga-
ment, labrum, and anterior scapular periosteum are
stripped and displaced in a sleeve—type fashion medi-
ally on the glenoid neck as well as inferiorly rotated.

We have seen many cases of ALPSA lesion, and
this lesion represents a cause for recurrent instability
with specific findings. It requires a different
approach for repair.

The purpose of this study is to present the inci-
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dence of APLSA lesion in TUBS, and present the
treatment for a ALPSA lesion, especially the transgle-
noid suture technique.

Materials and Methods

Between January 1988 and March 1998, we operat-
ed on 204 patients with a diagnosis of traumatic ante-
rior instability in the glenohumeral joint. We have
examined the case notes, and operative reports. Of
those with anterior shoulder instability, an ALPSA
lesion was seen in 32 patients. The average follow—
up duration was 38 months (range 24 to 84 months).
26 were men, and 6 were women. The mean age at
operation was 27 years (range 16 to 64 years). At
operation, 3 patients had an interval of 1 year after
the initial dislocation, 6 patients had an interval of 2
years, 5 patients an interval of 3 years and 17 patients
had an interval of more than 4 years. Regarding the
frequency of dislocation, 12 patients had experienced
dislocation about 10 times per 1 year, 15 patients on
average 20 times per 1 year, and 7 patients had expe-
rienced dislocation more than 20 times per year.

The APLSA lesion was repaired to the anterior rim
of the glenoid by modified transglenoid suture recon-
struction (Rhee’s method). In an ALPSA lesion, the
labrum was not in its anatomic position but displaced
medially and inferiorly rotated. The synovialized
fibrous tissue appears labrum. The entire complex of
superficial synovium, fibrous tissue, labrum, anterior
inferior glenohumeral ligament, and anterior scapu-
lar periosteum must be dissected from the glenoid
beginning in the crease just anterior to the glenoid
rim from 2 to 6 o’clock in the right shoulder and from
10 to 6 o’clock in the left shoulder. This mobilization
is of importance. Dissection is performed using a
periosteal elevator through a routine portal. Release
of the labroligamentous structure from the anterior
medial glenoid neck transforms the ALPSA lesion to
a Bankart lesion (Fig. 1, 2). After mobilization, this
lesion is classified into Rhee’s classification of
Bankart lesions (Table 1).
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Fig.1 Initial findings of an anterior labroligamentous
periosteal sleeve avulsion (ALPSA) lesion.

Table 1 Rhee’s classification of Bankart lesion

Type I : Separation of labrum and inferior glenohumeral
ligament from the glenoid rim and scapular neck
(Classic Bankart lesion)

Type II : Separation of labrum with glenoid rim fracture

Type III : Type I or II Bankart lesion with type II SLAP*

lesion

Type IV : Deficient labrum with detached loose inferior

glenohumeral ligament from the scapular neck

Subgroup “a” : without capsular laxity
Subgroup “b” : with capsular laxity

* SLAP : tear in the superior labrum anterior to posterior.

The detached glenohumeral ligamentous complex
is reattached to its original position on the anterior
glenoid rim by capsular shift through the modified
transglenoid suture technique by Rhee according to
its type (Fig. 3). Multiple sutures were placed
through the labral tissue (7 to 14 stitches). And then
transglenoid drill holes were made using our special
drill guide. All the sutures were passed through a
transglenoid drill hole out through the scapular spine
posteriorly. The labral complex is tightened by
pulling the labroligamentous complex superior to its
origin on the anterior glenoid rim. The sutures were
tied over on the bone (scapular spine). After mobi-
lization, there was usually capsular laxity. There was
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Fig. 2 Arthroscopic findings after release of the labro-
ligamentous complex from the glenoid rim.

Fig. 3 Postoperative findings after the transglenoid
suture technique.

“,o”

no subgroup “a”. Two cases were type Ib, 3 cases
were type IIb, 5 cases were type IIIb, and 22 cases
were type IVb. Postoperatively, the shoulder was
immobilized for 5 to 6 weeks. After 5 weeks, passive
and active range of motion (ROM) exercises were
begun.

Results

The follow—up ranged from 24 months to 84
months, and averaged 38 months. Evaluations at the
most recent follow—up with Rowe rating scale'®
were compared with the score obtained by assess-
ment of preoperative symptoms, functions, and



motion. The parameters of pain, motion, strength,
stability, and function were independently assessed,
and an overall score was determined. After surgery,
a satisfactory result was obtained 30 cases.

All patients showed nearly full, painless ranges of
motion, and there was no functional restriction in
ROM. None of the 32 patients experienced any intra-
operative complication, postoperative complication,
or infection. There were 2 cases of recurrence. They
recurred after a retrauma in the shoulder. We
thought that in the case of a reversed pear—shape gle-
noid, recurrence was easy to occur. This type of gle-
noid is due to a bony defect in the glenoid (Fig. 4) .

Discussion

The clinical literature has indicated that capsulola-
bral separation from the glenoid (Bankart lesion) is the

1,3~6,10~12) However some

most common pathology
authors have observed capsular laxity, actual humer-
al insertion avulsion, or an ALPSA lesion” ~ %13~ 15/,
The condition of humeral capsular avulsion was
first described by Nicola'? in 10 cases of anterior
shoulder instability, and Bach et al'® reported two
cases. Wolf et al® described six such cases among
64 shoulders undergoing arthroscopy and treatment
for traumatic shoulder instability. They described
this injury as a humeral avulsion in the glenohumeral
ligaments (HAGL lesion) and observed it in 9 % of
the cases of traumatic anterior shoulder instability.
Boker et al'® also described HAGL lesion. In his
cases, the incidence of a HAGL lesion was 39 %.
Oberlander et al'*’ described a variant anterior
shoulder instability. This variant was a bony humer-
al avulsion in the glenohumeral ligaments (BHAGL
lesion). They reported 3 cases. Another author
reported a combined Bankart lesion and HAGL
lesion associated with anterior shoulder instability ** .
Glenohumeral ligament dysfunction is also at the
heart of an ALPSA lesion. The anterior labroligamen-
tous periosteal sleeve avulsion (ALPSA) lesion like
Bankart lesion, destabilizes the anterior inferior sup-
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Fig. 4 Pear—shaped glenoid.

porting structures of the joint”’. However, unlike the
Bankart lesion, which is characterized by a rent
between the labral complex and the glenoid rim, in
the ALPSA lesion the anterior inferior glenohumeral
ligaments along with the labrum and the anterior
scapular periosteum avulse and are displaced in a
sleeve—like manner across the anterior glenoid neck.

In the treatment of an ALPSA lesion, mobilization
is of importance. Release of the labroligamentous
structures from the anterior medial glenoid neck
transforms the ALPSA lesion to a Bankart lesion.
This tissue is then reconstructed to its original posi-
tion on the anterior glenoid rim by capsular shift. We
think arthroscopic capsular shift is a suitable method
for the capsular shift. There are two types of arthro-
scopic capsular shift. One is the anterior anchor sys-
tem and the other is a transglenoid suture technique.
In the literature, many cases have been reported
involving a capsular shift with anterior suture anchor,
or the transglenoid suture technique” ~ 2.

In our cases, the modified transglenoid suture
technique was more effective and safer than the ante-
rior anchor system. There are some problems in the
original transglenoid suture technique. Medializa-
tion of the labroligamentous complex, only 1 or 2
points for capsulolabral fixation to glenoid rim, inse-
cure fixation due to soft fixation point posteriorly
over infraspinatus fascia, absorbable suture and
suprascapular nerve injury are the main problems in
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Fig. 5 Special drill guide.

the transglenoid suture technique.

We have modified the transglenoid suture tech-
nique. We use a special simple drill guide (Fig. 5).
Using this special drill guide, we can avoid medializa-
tion, make a bump effect in the reconstructed
labrum, and find a safe zone for the suprascapular
nerve. And also we can reconstruct the labrum in the
correct anatomical position. In our modification, we
use multiple 7 to 14 sutures and securely tie them
accross the bony scapular spine instead of the infra-
spinatus fascia. In situ suture, plication, advance-
ment and capsular shift are possible in this modified
transglenoid suture technique. We can also use non-
absorbable suture. Advantages of Rhee’s method are
no hardware problem, reasdnably low recurrence
rate with few complications, generally reproducible
for most surgeons, and easy to convert failure to
rearthroscopic or open surgery.

Conclusion

The incidence of an ALPSA lesion in traumatic
anterior instability is 15.7 %. There were various
shapes of an ALPSA lesion. In the treatment of an
ALPSA lesion, first the ligamentous structures are
fully mobilized from the anterior medial glenoid
neck, which makes the ALPSA lesion into a Bankart
lesion. And then a capsular shift is performed for
anatomical reconstruction of the labrum, correction
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of the capsular laxity, and reduction in the axillary
pouch. Rhee’s modified transglenoid suture tech-
nique is a safe and effective method for an ALPSA
lesion.

We recommend our modified transglenoid suture
technique because this method requires no special
implant and no special instruments except a simple
drill guide, and it can reconstruct any type of capsulo-
labral lesion, such as Bankart lesion, type II slap
lesion, or ALPSA lesion, as well as the capsular laxity
including AMBRI.
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@ Abstract

The purpose of this study was to investigate the incidence of low back pain in high school
baseball players and to examine the relationship between low back pain and trunk muscle
strength.

The subjects were 46 male high school baseball players. We used a questionnaire, physical
findings of the lumbar spine, X—ray and trunk muscle strength using a Myoret system to investi-
gate low back pain.

Eighteen players complained of low back pain at the time of the survey, and twenty—six had a
past history of low back pain. On X—ray examination, twenty—one were found to have lumbar
lesions, including spondylolysis, naturally repaired spondylolysis, narrowed disc, and facet joint
thickening. Trunk muscle strength tests showed that the isokinetic extensors values were
markedly decreased in the players with low back pain.
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Purpose

Low back pain is common among young athletes.
Here, we have investigated the incidence of low back
pain among high school baseball players, the inci-
dence of those with an abnormality in the lumbar
spine on plain radiograms, and the relationship
between low back pain and trunk muscle strength, in
Kochi Prefecture with the cooperation of the Kochi
Prefecture Baseball Liaison Conference.

Subjects and Methods

The subjects were members of the baseball clubs
of 3 high schools in Kochi Prefecture. The 3 schools
were among the best 4 in the prefectural high school
baseball tournament nearly every year. The supervi-
sors of the baseball clubs were cooperative with this
investigation, and their players visited the outpatient
clinic of our hospital.

First, each player’s history of playing baseball, his-
tory of playing different positions, history of disor-
ders or injury caused by baseball, present condition,
and amount of workout were investigated using a self
—report questionnaire.

Next, an orthopaedic medical check including
physical and plain radiographic examination of
injury sites and measurement of the trunk muscle
strength were carried out. An orthopaedic surgeon
carefully interviewed each player in regard to his
medical history, particularly in regard to low back
pain. A—P, lateral, and both oblique angle plain radi-
ograms of the lumbar spine were taken for each play-
er regardless of the presence or absence of low back
pain.

The trunk muscle strength was also measured in
all subjects, and the isometric muscle strength and
isokinetic muscle strength at angular velocities of 60°
and 90° were measured in the flexor, extensor, and
rotator muscles of the trunk, using a Myoret system.

The costs of the physical examination and of the
imaging examinations concerning sites that showed
a clear disorder were covered by medical insurance,
and the portion of the medical costs usually paid by
the patient was paid by the research fund of our
department. The costs of the examinations of the
normal sites were entirely paid by our department.

Results

At the time of writing, findings from 46 members
of the baseball clubs of the 3 high school have been
obtained. Their mean age was 16 years (15-18
years). Eighteen (39.1%) of them had low back
pain at the time of the examination, and 26 (56.5 %)
had a history of low back pain (Table 1). Abnormali-
ties were observed on plain radiograms of the lumbar
spine in 21 players (45.7%). It was lumbar spondy-
lolysis in 8, hardening in the lamina after lumbar
spondylolysis in 9 (confirmed by CT scan), narrow-
ing in the intervertebral disc in 3, thickening in the
intervertebral joints in 1 (confirmed by MRI)
(Table 2). If the diagnosis was difficult using plain
radiography alone, a CT scan and MRI were also per-
formed with the consent of the players, and the
images were used as references. A CT scan is useful
for the diagnosis of lumbar spondylolysis, and
reveals hardening or ballooning in the vertebral arch
after spondylolysis. Although the presence or
absence and the site of low back pain were fairly con-
sistent with findings on plain radiograms, some play-
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Table 1

Questionnaire results

46

players of baseball cluBs of 3 high school

Mean age ; 16 years old (15- 18 years old )

At the time of examination,

Low back pain (+)

Low back pain (—)

; 18 players (39.1%)
; 28 players (60.9% )

History of low back pain ( +); 26 players (56.5% ) |

| | History of low back pain (-) ;20 players (43.5 %)

Table 2 Findings from plain radiograms (46 high school baseball players)

Bilateral
Right

- Lumbar Spondylolysis :
Bilateral + listhesis

- Hardening or Ballooning in the Lamina :
(All players were confirmed by CT scan)
- Narrowing in the Intervertebral Disc

- Thickening in the Intervertebral Joints: 1 player

8 players

: 6 players

: 1 player

: 1 player

9 players

: 3 players

Total of Abnormalities on Radiograms : 21 players ( 45.7 %)

ers with clear pseudoarthrosis—type lumbar spondy-
lolysis had no low back pain in the past or at the
examination, and a few players with low back pain
that interfered with practice exhibited no clear abnor-
mality on imaging studies.

Concerning the results from the measurement of
trunk muscle strength, no significant difference was
observed in the peak torque of the flexor and exten-
sor muscles on isokinetic and isometric exertion in
the group that had low back pain at the time of exam-
ination compared with the group with no low back
pain (Fig. 1).

The flexor/extensor muscle strength ratio was
clearly higher in the group with low back pain on iso-
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kinetic exertion, probably indicating the relative
weakness of extensor muscles (the back muscles),
in dynamic exercise. No significant difference was
observed between the two groups on isometric exer-
tion (Fig. 2).

The strength of trunk rotation to the left (direction
of rotation in batting and throwing) tended to be
weak in the right—handers, while the strength of
rotation to the right tended to be weak in the left—
handers, in the group with low back pain (Fig. 3).
The peak torque of the rotator muscle strength was
slightly weaker in the group with low back pain, but
the difference was not significant.
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Fig. 1 (A) Max. isokinetic torque.
(B) Max. isometric torque. No significant difference was observed.
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Fig. 2 Flexion/extension ratio.
(A) Clearly higher in the group with low back pain on isokinetic exertion.
(B) No significant difference was observed between the two groups on isometric exertion.
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Fig. 3 Results of trunk rotation strength.
(A) Max. isometric torque.
(B) Players with low back pain showed reduced rotator strength in their direction of batting and throwing.
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Discussion

Although we noted a marked correlation between
the radiographic findings of the lumbar spine and the
subjective symptoms of low back pain, there were
some exceptions. Some players, whose plain radi-
ographic images or CT scans did not reveal any
abnormalities notwithstanding their subjective symp-
toms of pain, complained of muscular/musculomem-
branous pain. Since all of them noticed the symp-
toms only recently, we instructed each of them to
perform stretching exercises and training to
strengthen the abdominal, back and musculature
around the hip joint.

In the measurement of flexor and extensor
strength, the players with low back pain were found
to have relatively reduced extensor strength, which
we thought was due to the related pain caused by the
closer proximity of the lumbar and back muscula-
ture. Another cause may be that the back muscle
was mainly affected by the nervous system of the
lumbar, while the abdominal muscle was also affect-
ed by the nervous system of the thoracic as well’.
In previous studies, most authors have found the
extensors to be more affected than the flexors? = .

In the measurement of the flexor/extensor and
rotator strength between the group with low back
pain and the group without low back pain, a signifi-
cant difference was detected not in peak torque but
in respective muscle strength ratio. This could be
explained by the presence or absence of low back
pain causing a significant difference in the muscle
strength ratio, which reflects the respective muscle
strength balance. The absolute value of torque,
which offsets the difference caused by the presence
or absence of low back pain, shows no significant dif-
ference because the value reflects the ability of each
individual player.

In the measurement of rotator strength, the play-
ers with low back pain showed reduced strength in
their direction of batting and throwing. We thought
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that this was because the players without low back
pain tend to have more strength in their direction of
batting and throwing, while those with low back pain
have reduced muscle strength because pain results
in the disuse of the muscle.

Moreover, because baseball is a sport that always
requires rotator strength in the same direction,
overuse of the musculature is caused by its repeated
rotation, which causes the reduction in muscle
strength. The investigation into the correlation
between plain radiographic images and trunk muscle
strength revealed no significant differences among
the cases. However, the 8 players with an abnormali-
ty on radiographic images —lumbar spondylolysis
and spondylolytic spondylolisthesis— showed a
marked reduction in trunk muscle strength, particu-
larly in extensor (back muscle) strength compared
with the normal group. The players with lumbar
spondylolysis also showed reduced rotator strength,
which may have been affected by the reduced exten-
sor strength.

As discussed above, we are not yet able to confirm
whether low back pain caused or resulted from the
reduction in trunk muscle strength, but the results of
our study show that they were correlated. In the
group with low back pain, we thought that an organic
lesion such as lumbar spondylolysis caused the mus-
cle shrinking due to denervation in the nerves gov-
erning the extensor, resulting in the reduced muscle
strength. We also supposed that low back pain
occurred in high school players, who are still grow-
ing and do not yet have fully developed muscle
strength, through the overuse of the musculature
during excessive training, and we intend to investi-
gate this further in future studies.

Conclusion

Players with low back pain have relatively weaker
back muscles, causing reduced rotator strength in
their direction of batting and throwing.

It is important for players to be aware of low back
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@ Abstract

The purpose of this study was to evaluate the results of arthroscopic meniscal repair by sec-
ond—look arthroscopy. Forty—six patients with 53 meniscal repairs were evaluated. All repairs
were completed in conjunction with ACL reconstruction. Thirteen menisci were repaired using
horizontal mattress with absorbable sutures and 13 using vertical mattress with absorbable
sutures. Another 27 were repaired using a vertical technique with both absorbable and nonab-
sorbable sutures. According to Cannon’s evaluation criteria, 66 % were considered completely
healed, 19 % were incompletely healed, and 15 % menisci were not healed. The suture material
was significantly correlated with failure to heal (p = 0.02) : seven failures (27 %) were observed
in the group with only absorbable sutures, while only one failure (4 %) occurred in the com-
bined suture group. Although meniscal healing did not significantly differ between the horizon-
tal and vertical mattress technique using absorbable sutures, we concluded that the deteriora-
tion in suture materials, not the suture technique, affected the clinical outcome.
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Introduction

The importance of preserving meniscal tissue in
the knee is now established. Numerous investigators
have reported successful meniscal repair using hori-
zontal and vertical mattress sutures with the inside—
out technique, and with the outside—in technique ! ~ .
We initially performed arthroscopically assisted
meniscal repair using the horizontal mattress tech-
nique with absorbable sutures, and in 1995 began uti-
lizing the stacked suture technique, in which vertical
mattress sutures with absorbable sutures were
placed in the superior and inferior surfaces of the
meniscus in an alternating fashion. Then in 1996, we
began to employ the stacked suture technique using
both absorbable and nonabsorbable sutures.

Many factors that affect the results of meniscus
. These include the
age of the patient, the sex, the delay in repair from

repair have been reported! ~®

the time of injury, the side of the tear, the location of
the tear, length of the tear, and the stability of the
anterior cruciate ligament. However, there are few
reports comparing the difference in meniscus suture

materials and suture techniques® %

. The purpose of
this study was to evaluate suture materials and tech-
niques, and their effect on healing after meniscal
repairs in 53 menisci, using second-look arthro-

scopy.
Materials and Methods

Between April 1994 and September 1997, 89
patients received a total of 103 arthroscopic meniscal
repairs, in our hospital. Forty—six patients with 53
repairs among them underwent second—look arthro-
scopy at the time of hardware removal after ACL
reconstruction. All these tears were longitudinal or
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double longitudinal, and were repaired at the same
time as ACL reconstruction. The average age of the
patients was 23 years (range from 14 to 46 years).
There were 20 females and 26 males.

Meniscal repairs were performed at an average of
24 months after injury (range from 2 to 240 months).
All menisci were repaired by the inside—out tech-
nique through a posteromedial or posterolateral inci-
34 Both sides of the tear site were debrided
and the synovial fringe was abraded to promote a

sion

healing response. Sutures were placed 3 to 4 mm
apart on the superior and inferior surfaces using a
double-lumen cannula (Smith and Nephew, Acufex,
Mansfield, MA). The horizontal mattress technique
was employed using 2—0 Vicryl (Ethicon, Somerville,
NJ) and 2-0 Dexon (Davis & Geck, American
Cyanamid Co., Manati, Puerto Rico) sutures in 13
meniscal repairs, the vertical mattress technique
using 2-0 Vicryl and 2—0 Dexon sutures in another
13 repairs, and the vertical mattress technique using
2-0 PDS (Ethicon, Somerville, NJ) and 2-0 nylon
sutures in the other 27 repairs. Postoperatively, the
knee was immobilized in a brace. After two to three
days, range of motion exercises were begun and par-
tial weight bearing with a brace was allowed as toler-
ated. At 3 weeks after surgery, the patient discarded
crutches and was allowed full weight bearing.
Squatting and pivoting on the knee was not allowed
for three months.

Second—look arthroscopy was done at an average
of 18 months after the meniscal repair (range from 5
to 42 months). The degree of healing of the menis-
cal repair was determined using second—look arthro-
scopy using Cannon’s criteria® : a meniscus was con-
sidered healed if it was healed over the full length of
the tear with a residual cleft < 10 % of the thickness
of the meniscus, a tear that was healed over its full
length with a residual cleft that was < 50 % of its ver-
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Fig. 1 The location of the tear.

The peripheral 1/3 region was defined as the
red zone, and the inner 2/3 region as the white
zone. Tears localized within the red or the white
zone are referred to as RR or WW, respectively,
and those affecting both zones as RW.

tical height was classified as incompletely healed,
and a residual cleft of > 50 % of the thickness of the
meniscus at any point over the length of the tear was
classified as being a failure to heal.

We analyzed the effect of eight factors on the heal-
ing of the meniscal repairs : patient age ; gender ;
time from injury to repair ; repair side ; location of
tear (rim width) ; instability of the torn fragment ;
the suture material and the suture technique used for
repair. With regard to location of the tear, the pe-
ripheral 1/3 region was defined as the red zone, and
the inner 2/3 region as the white zone. Tears local-
ized within the red or the white zone were referred to
as RR or WW, respectively, and those affecting both
zones, as RW (Fig. 1). The instability of the torn
fragment was assessed by probing as follows : mild,
when the inner rim of the torn fragment did not move
beyond the inferior surface of the femoral condyle ;

100% r
90% -
80%
70% -
60%
50%
40% +
30%
20% -
10%
0%

OVERALL

ABSORBABLE

Mild Moderate Severe

Fig. 2 The instability of the torn fragment.
Mild : The inner rim of the torn fragment did
not move beyond the inferior surface of the
femoral condyle.
Moderate : The inner rim moved beyond the
femoral condyle.
Severe : A torn fragment was completely dis-
placed beyond the femoral condyle.

moderate, when the inner rim moved beyond the
femoral condyle ; and severe, when the torn fragment
completely displaced beyond the femoral condyle
(Fig. 2).

Statistical analysis of the associated factors was
performed using Fisher’s exact test for significance
(significance level p < 0.05).

Results

Of the 53 menisci repaired, 35 (66.0 %) were
healed completely, 10 (18.9 %) healed incompletely,
and 8 (15.1%) did not heal. These results represent-
ed an 84.9 % success rate of retained menisci (Fig. 3).

COMBINED

B HEALED Z INCOMPLETE [ NOT HEALED

Fig. 3 Effect of the suture material on the rate of meniscal healing.
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Fig. 4 Effect of the instability of torn fragment on the rate of meniscal healing.

When evaluating healing with respect to age, over-
all there was no statistically significant difference.
Although the rate of failure was higher for patients
who were over thirty years of age (12 menisci), the
result was not statistically significant.

Five failures in 24 menisci were seen in the female
group, and three in 29 menisci did not heal in the
male group. No statistical difference was found
between the two groups.

Four meniscal tears were repaired within 3
months, and 11 tears within 6 months. The variable
of time to repair did not have a significant effect on
healing.

Lateral meniscal tears had better healing results
than medial meniscal tears, but there was no statisti-
cal difference. Of the 33 medial repairs performed, 6
(18.2 %) failed, while 2 (10.0 %) of the 20 lateral
repairs failed.

Of the 29 repairs on RR tears, 3 (10.3 %) failed,
and of the 21 repairs on RW tears, 4 (19.0 %) failed
to heal. The tear healed completely in two of three
WW menisci. In one of these two menisci, the lateral
meniscus tear close to the peripheral 1/3 of the pos-
terior segment was completely healed. Also in anoth-
er case in which the tear extended from the posterior
segment to the posterior horn, the lateral repair
showed complete healing.

Only 2 failures (6.1 %) in the 33 repaired menisci
were seen in the group with mild instability, whereas

4 (25.0 %) of 16 repairs failed in the group with mod-
erate instability, and 2 (50.0 %) of 4 repairs failed in
the group with severe instability (Fig. 4). The rate of
successful healing decreased with increase in the
instability of the torn fragment. Severe instability
tended to have worse results than mild instability
(p=10.05).

The suture material was significantly correlated
with failure (p = 0.02). Seven failures (26.9 %) in 26
repairs were observed in the group with only absorb-
able sutures, while there was only 1 failure (3.7 %) in
the 27 repairs made in the group with both absorb-
able and nonabsorbable sutures (Fig. 3).

The horizontal mattress technique using absorb-
able sutures was inferior to the vertical mattress
technique, using both absorbable and nonabsorbable
sutures (p = 0.03). However, there was no differ-
ence in the satisfactory healing rate between these
two techniques using absorbable sutures : four
(30.8 %) of 13 repairs in the horizontal mattress
technique using absorbable sutures failed, and 3
(23.1%) of 13 in the group using the vertical mat-
tress technique (Fig. 5).

Discussion

Several authors have reported meniscal repairs

using absorbable as well as nonabsorbable suture

8)

materials! ~®. There is controversy regarding the
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g.5 Effects of the suture material and of the suture technique

on the rate of meniscal healing.

suture materials to be used in meniscal repair. Non-
absorbable suture may cause abrasive joint surface
damage and synovitis. Kimura et al®’ reported
meniscal cysts occurring after medial meniscal

1'% reported a meniscal

repair, and Lombardo et a
cyst forming after an all-inside repair using T-Fix
(Smith and Nephew Endoscopy, Andover, MA). On
the other hand, advocates of nonabsorbable suture
have contended that absorbable sutures degraded
before the expected meniscal healing has occurred.
Second—look arthroscopy has shown no signs of car-
tilage surface damage.

Barber and his colleagues!' = '*’ evaluated the loss
in strength of various suture materials when exposed
to both normal and inflammatory synovial fluid in
rabbit knees. Size 0 Vicryl lost all of its strength by 3
weeks, while size 0 PDS retained 68 % of its original
strength at 5 weeks after implantation. Moreover,
the rate of loss in strength was faster in inflammatory
synovial fluid than in the normal synovial fluid. Both
Vicryl and Dexon suture declined to less than 10 %
of their original strength after 3 weeks of exposure to
inflammatory fluid, while PDS retained 40 % of its
original strength at 6 weeks. Maxon sutures retained
no significant strength at 6 weeks. Braided polyester
sutures demonstrated no significant decline in break-
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ing strength over 6 weeks. Eggli et al’ suggested
that the use of absorbable sutures alone was signifi-
cantly correlated with failure. Although they did not
detail the kind of suture materials they examined,
6 % failure occurred in the nonabsorbable suture
group, and 42 % in the absorbable suture group.
Barrett et al® reported that a 2-0 PDS suture group
had 18 % failure and a 2-0 Ethibond (Ethicon,
Somerville, NJ) suture group had 0%. They recom-
mended permanent sutures for meniscus repair as
they appeared to assure longer and more stable fixa-
tion, permitting more complete maturation and
remodeling of the meniscus.

In our study, the failure rate was 27 % with
absorbable sutures alone, and 4 % in the group with
both absorbable and nonabsorbable sutures. These
results showed that the suture material selection
affected the outcome of the meniscal repair. Suture
material seemed to play a significant role in meniscal
healing. The loads placed on the site of a meniscal
repair during rehabilitation are unknown, as is the
time necessary to allow meniscal tissue to heal.
Since stable suture fixation appears to be a key factor
in meniscus healing, the selection of the suture mate-
rial is important in maintaining the fixation. For
these reasons, we recommend absorbable suture



materials which last longer in a joint, or the com-
bined use of nonabsorbable and absorbable suture
materials.

The meniscus can be repaired with either vertical
or horizontal mattress sutures. Korn et al'* tested
the primary stability of the meniscus suture tech-
nique on human cadaver menisci. The horizontal
mattress suture involving the meniscus surface failed
at 85 %, and the knot—end technique failed at 23 % of
the tearing stress of the vertical mattress suture.
Post et al'® evaluated the effects of the suture tech-
nique and of the suture material in porcine menisci.
They demonstrated that the pullout strength of the
vertical mattress technique was greater than that of
both the horizontal mattress technique and the knot—
end technique, regardless of the suture material used
; these two techniques had similar load to failure.
Tissue failure was predominant in the horizontal mat-
tress and the knot—end repairs, whereas vertical mat-
tress sutures failed predominantly due to suture
breakage. The vertical mattress technique with 1-
PDS had greater load to failure than 0—PDS or 2—-0
Ethibond. The selection of suture material is most
important in the vertical mattress suture technique
and less important in the horizontal or the knot—end
technique. Rimmer et al'® investigated the meniscal
suture technique in human menisci using a single
horizontal, a double vertical loop, and a single verti-
cal loop. The single vertical suture was inserted into
the meniscus almost to the free edge, while the dou-
ble vertical sutures were inserted into the meniscus
at 2 mm beyond the tear. They recommended the
single vertical loop technique which was inserted
into the meniscus almost to the free edge, because
the suture loop encircled the majority of the circum-
ferential fiber. The horizontal sutures showed the
lowest failure strength, which was attributed to less
circumferential collagen fibers being encircled by the
horizontal suture loop. Recently, Song et al'”’
showed that the vertical suture was two times
stronger than the knot—end suture, and significantly
stronger than the horizontal suture. On the other
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hand, Boenisch et al'® found no significant differ-
ence in the pull-out strength between horizontal and
vertical sutures, with 2-0 Ti—Cron (Sherwood—
Davis & Geck, St. Louis, MO) in fresh—frozen bovine
menisci. However, vertical suture repair had a signif-
icantly higher stiffness than horizontal suture repair.
They stated, therefore, that horizontal sutures were
biomechanically less favorable for meniscal repair.

In this study, meniscal healing did not significantly
differ between the horizontal and the vertical mat-
tress techniques, using absorbable sutures. Nine
(69 %) of 13 meniscal repairs using horizontal
sutures healed satisfactorily, and 10 (77 %) of 13
repairs using vertical sutures healed satisfactorily. In
both these procedures, the strength of Vicryl and
Dexon sutures may have been lost in some repairs
before meniscal healing occurred. We therefore con-
cluded that deterioration in the suture materials, not
the suture technique, affected the clinical outcome.

Our study demonstrated that with greater instabili-
ty of the torn fragment there was a decrease in the
rate of successful healing. Although several studies
demonstrated that the tear length played a less
important role in the healing of meniscal repairs® ®’,
the longer and more centrally located meniscus tears
appear to be significantly unstable. Asahina et al'®’
reported that arthroscopic identification of locking
had a significant adverse effect on meniscal healing.
In the present study, the failure rate was 6 % in those
with mild instability, 25 % with moderate instability,
and 50 % in those with severe instability. An unsta-
ble meniscal fragment is susceptible to becoming
degenerative, because it is more frequently com-
pressed between the femur and the tibia.
Degenerated meniscal tears are believed to have a
poorer potential for healing and not as amenable to
repair. We have routinely performed a partial menis-
cectomy for an extensively deformed meniscus at the
time of operation. Although there was less change in
appearance, at second—look, of these repaired menis-
ci, those which had been more unstable probably had
intrasubstance meniscal degeneration.
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Rim width is one of the most important factors in
healing of meniscal repairs, because the peripheral
meniscal blood supply is essential to successful heal-
ing of a repaired meniscus. A perimeniscal capillary
plexus originating in the capsular and synovial tis-
sues of the joint supplies the peripheral 10 to 25 % of

the meniscus?” .

The anterior and posterior horn
attachments of the meniscus are covered with vascu-
lar synovial tissue and appear to have a good blood
supply. We found that two of three WW menisci had
successful repairs. In one of these two, the tear
extended to the posterior horn and the vascular
access channel from the posterior horn may have
accelerated the healing. In the other of these two,
the vascularity may have been maintained, because

the tear was localized close to the peripheral 1/3.
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Morphological Changes in the Human Patellar Tendon
after Anterior Cruciate Ligament Reconstruction
Using Autologous Bone—patellar Tendon—bone
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@ Abstract

The purpose of this study was to investigate the morphological changes in the remaining
patellar tendon after removal of its central one—third, using magnetic resonance (MR) imaging.
We evaluated 10 patients who received arthroscopically—assisted ACL reconstruction using
autologous central one—third bone—patellar tendon—bone. The mean follow—up period was 29.6
(22-40) months. The defect in the patellar tendon was left unclosed with just the paratenon
being closed. We checked the thickness, width, length and cross—sectional area of the patellar
tendon defect using axial MR scan.

There was no significant difference found in thickness, width, or length measurements, at fol-
low—up. The patellar tendon defect remained in 7 cases. But 3 cases were completely filled with
tendon without defect. The results indicated that the patellar tendon defect can remain for
approximately 40 months after surgery. So careful harvesting of the patellar tendon is needed,
and its use for revision cruciate ligament reconstruction must be carefully considered.
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Introduction

The use of a central one—third patellar tendon as
an autograft for surgical reconstruction of a damaged
cruciate ligament is very common. Few complica-
tions from its use have been reported. However,
recent clinical studies have indicated that a decrease
in quadriceps strength, range of motion, and thigh
circumference along with patello—femoral problems

L2) " Some of

can be associated with this procedure
these complications may result from alterations in
the structural properties of the remaining patellar
tendon.

The donor site regenerates after bone is harvested
for a bone graft. Using MR imaging, Cross et al®’
have shown that the semitendinosus and gracilis ten-
dons regenerate clinically and radiographically after
harvesting for ACL reconstruction and repair aug-
mentation. There are reports about the regeneration
in volume, remodeling of the tendon after harvesting
the central one—third, and examination of the remain-

4~12)  There are controversial

ing patellar tendon
opinions about the structural change in the donor
patellar tendon. Burks et al®’ conducted a biome-
chanical and histological study of the patellar tendon
in dog after the central 1/3 of the patellar tendon was
removed. Histological studies showed that the defect
in the central 1/3 of the tendon was completely filled
with scar tissue with poor collagen fiber orientation.
Most studies on ACL reconstruction using the patel-
lar tendon have focused solely on the fate of the intra
—articular graft.

The purpose of this study was to investigate the
structural changes in the remaining patellar tendon,
using MR imaging, after removal of its central one—
third for use in ACL reconstruction.

Materials and Methods

Ten male patients who had each undergone arthro-
scopic ACL reconstruction using the central one—
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third of patellar tendon autograft were reviewed. The
ten patients had a mean age of 24 years (range from
18 to 33 years). The mean follow—up period was 29.6
months (range from 22 to 40 months). The associat-
ed injury was a medial and lateral meniscus tear each
in 3 cases, and a defect in the medial femoral condyle
in another case.

1. Surgical technique

All patients underwent arthroscopically assisted
ACL reconstruction using the same technique per-
formed by the same surgeon. Standard arthroscopic
portals were used, consisting of an outflow cannula
placed superolaterally, along with anterolateral and
anteromedial portals used for the arthroscopic and
operative instruments. The skin incision was an
extension from the inferior pole of the patella to a
point just medial to the tibial tubercle. The paraten-
on was incised centrally and carefully peeled off. The
central one—third (10 mm) of the patellar tendon
was taken, with bone plugs both proximally and dis-
tally (Fig. 1). Both femoral and tibial tunnels were
made through this inferomedial single incision. The
defect in the patellar and tibia was grafted with bone
from the tibial reaming. The defect in the patellar
tendon was left unclosed, and just the paratenon was
closed carefully with interrupted sutures of an ab-
sorbable material using No.3-0 coated VICRYL®
(Ethicon, Edinburgh, UK). All wounds were then
closed, and a sterile dressing applied.

Postoperatively, all patients followed the accelerat-
ed rehabilitation described by Shelbourne et al'®.
Immediately after surgery, the operated knee was
placed in a continuous passive motion (CPM) ma-
chine for about 1 week. A hinged knee brace was
used for about 3 months postoperatively. Crutches
were used for balance and support with weight bear-
ing as tolerated for the first weeks. At 6 weeks, use
of a stationary bicycle with little or no resistance was
begun. At 4 months, straight ahead running on a lev-
el surface was begun. At 6 months, agility exercises
were allowed. Return to sports was allowed at 9
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Fig. 1 Skin incision and exposure following graft har-
vest.

months, but the patient wore a brace during all
sports activities.

2. MRI measurement

All images were taken using a General Electric 1.5
T Sigma Magnetic Resonance Scanner (General
Electric Medical Systems, Milwaukee, WI) and a
knee extremity coil. The knee was positioned in
extension with 15° of external rotation. The field of
view was 16 cm and the matrix size was 256 X 192
pixels. Axial and sagittal scans were obtained using
spin echo images with a repetition time (TR) of 550
msec and an echo time (TE) of 15 msec. The width
and thickness of each tendon was determined at
three consistent sites (proximal one—third, middle
one—third, and distal one—third) of patellar tendon
by measurement on the MRI monitor screen. The
average values for the width and thickness were
determined (Fig. 2). The length of the middle one—
third of tendon was measured (Fig. 3). The cross—
sectional area of the tendon was calculated using the
mathematical formula for the area of an ellipse (7 X
AB). Preoperative MRI was used as a control. Scans
were reviewed independently by two radiologists and
one orthopedist. All our data were statistically ana-
lyzed using Student’s paired t—test.

Results

The thickness of the patellar tendon was 4.1 +
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Fig. 2 Measurement of the width (a) and the thickness
(b) of the involved patellar tendon, on axial
scan. The tendon shows evidence of completely
filled signal intensity within its central portion at
30 months after surgery.

Fig. 3 Measurement of the length of the involved patel-
lar tendon, on sagittal view.

0.4 mm preoperatively, and this increased to 4.9 =
1.5 mm during follow—up, but there was no statisti-
cally significant difference (p =0.15). The width of
the patellar tendon was 30.1 & 1.2 mm preoperative-
ly, which decreased to 29.3 = 2.2 mm on follow—up,
but there was no statistically significant difference
(p=10.37). The length of patellar tendon was 43 +
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Table 1 MRI measurements of patellar tendon

Measurements Pre-Op (mm) F/U (mm) Overall Results (mm)

Mean Difference 0.8

Thickness 4.1+0.4 4.9+1.5 SD 1.5
p value 0.15
Mean Difference 0.8

Width 30.1+1.2 29.3+2.2 SD 25
p value 0.37

Mean Difference 0.5
Length 43£3.0 43.543.2 SD 52
p value 0.74

3.0 mm preoperatively, and this increased to 43.5 =
3.2 mm during follow—up, but there was no statisti-
cally significant difference (p =0.74) (Table 1).

Seven of 10 cases had a defect area, and 3 cases
were completely filled with tendon (Fig. 4). The
mean cross—sectional area of the defect was 42.4 =
5.9 mm? immediately postoperatively and 10.3 +
5.5 mm? after the follow—up.

We also measured the quadriceps power and the
thigh circumference. The mean decrease in thigh
circumference was 2.8 = 1.6 cm compared to the nor-
mal side. The quadriceps power measured, using
one leg hop test, was 90 % that of the normal side.

Discussion

Intraarticular reconstruction of the ACL is fre-
quently performed for patients whose knees have
symptomatic deficient ACL. Arthroscopically—assist-
ed ACL reconstruction using autologous central 1/3
bone—patellar tendon—bone is most commonly being
performed. A central 1/3 of the bone—patellar ten-
don—bone is thought to be a good transplant material
for reconstruction of the ACL because of its pretrans-
plant strength, rigid fixation during operation, after
bone plug healing and graft availability. Previous
studies have focused mostly on the fate of the intraar-
ticular graft and not on the patellar tendon defect.

There are some reports about the regeneration in
volume and remodeling of the tendon after harvest-
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Fig. 4 The tendon shows evidence of defected signal
intensity within its central portion at 40 months
after surgery.

ing the central one—third and examination of the
remaining patellar tendon* ~ %', But there are some
controversies about the structural change in the
donor patellar tendon.

Burks et al® studied the biomechanical and histo-
logical changes in the patellar tendon after removal
of its central one—third. In their study, they exam-
ined the dog patellar tendon grossly, histologically,
and biomechanically at three time periods postopera-
tively. They found a significant increase in the cross
—sectional area of the tendon at 3 and at 6 months,
but a decreased failure load at 60—70 % of the con-
trols at these postoperative periods. They concluded
that the canine patellar tendon had not fully recov-
ered at 6 months after removal of its central one—
third. LaPrade et al® assessed the histological,
mechanical, and structural properties of the rehar-
vested central—third patellar tendon in a canine mod-
el at 6 months and at 12 months. They reported that
the thickness of the tendon had significantly increas-
ed, entire residual tendons were narrower and were
shorter at 12 months compared with controls. The
mechanical properties of the reharvested central—



third of the patellar tendon were significantly less
than those of controls, at these postoperative periods.
The primary patellar tendon graft did not have the
same properties at up to 1 year after harvest in a
canine model.

17 and Kartus et al® presented some

Karns et a
reports of a professional football player who under-
went a repeated harvest of the central 1/3 of the
patellar tendon for a revision ACL reconstruction.
They have shown grossly and histologically that the
donor site had the potential to regenerate tissue and
to recover the appearance of normal tendon. Nixon
et al'* reported that the donor site defect after ACL
reconstruction using the central 1/3 of the patellar
tendon was indistinguishable from normal tendon on
MR imaging and histologically, and the scar in the
defect progressively matured with time becoming
nearly identical to normal tendon at 2 years after
surgery.

Meisterling et al'?

' found no difference in width
measurement on MR imaging between the operative
and non—operative patellar tendons at an average of
2.5 years postoperatively for a group of 15 patients
who had their patellar tendon defects repaired at the
time of ACL reconstruction. Coupens et al® found
no statistical difference in the width of the donor
patellar tendon at any time up to 18 months postoper-
atively compared with the ipsilateral patellar tendon
when the defect was closed. But a significant
increase in the thickness was noted at all periods dur-
ing the follow—up. The cross—sectional area was on
average 53 % larger when compared to the contralat-
eral knee. In our cases, there was no significant dif-
ference in width, thickness, or in length of the patel-
lar tendon.

Song et al'! '? reported microscopic studies about
the patellar tendon defect using light and electron
microscopy. Their results showed that the donor site
of patellar tendon was replaced by fibrous scar tissue
rather than tendon until 24 months after harvesting.
At 24 months, the crimp pattern of collagen fibers
and parallel arrangement of fibroblast to collagen
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fibers were still absent. The donor site of the patellar
tendon was still different from normal patellar tendon
in electron microscopic morphology at 24 months
after surgery, regardless of the considerable matura-
tion of the regular parallel arrangement pattern of the
collagen fibril. Collagen fibril showed a unimodal
distribution pattern with small diameter, but it had a
tendency to have a regular parallel arrangement.

In regards to the closure of donor patellar tendon
defect, Berg* reported that the unclosed central 1/3
of the patellar tendon after graft harvest was reevalu-
ated at eight months later. The donor defect had
healed intrinsically with hypertrophic tendinous tis-
sue. He suggested that sutured closure of the patel-
lar tendon donor site might be unnecessary. Shaffer
and Tibone ' used radiographs to compare the patel-
lar tendon length after closure with that in the nonop-
erative limb and noted no difference between them.
Burks et al® found no difference in mechanical prop-
erties when comparing patellar tendon defects closed
or left open in a canine model at 3 and at 6 months
after surgery. But there was a 10 % decrease in the
length of the controls. In our cases we did not close
the patellar tendon defect, and there was no signifi-
cant difference in length.

Regarding the quadriceps strength, Sachs et al?
reported that the mean quadriceps strength was
60.8 % with ACL reconstruction using patellar ten-
don grafts at 1 year after surgery. Tibone and
Antich'® reported on 11 patients at 2 years after ACL
reconstruction with the central 1/3 of the patellar
tendon. Six patients had thigh atrophy more than
1 cm. The entire group showed a 13 to 17 % deficit
in quadriceps strength on the operated side as well.
In our study, the mean decrease in thigh circumfer-
ence was 2.8 cm compared to the normal side. The
quadriceps strength was 90 % that of the normal
side.

In conclusion, even though some authors” & %
have reported the reharvesting of the patellar tendon
for revision ACL reconstruction, most authors have
agreed that the structural and mechanical properties
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of the donor patellar tendon have not returned to nor-
mal at up to 24 months after harvest. In our study,
seven of ten cases of the patellar tendon defect had
not fully regenerated at an average of 29.6 months
after graft harvest. Therefore, a careful harvesting of
patellar tendon is needed and re—harvesting of the
ipsilateral and its use for revision cruciate ligament
reconstruction must be carefully considered.
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Arthroscopic Treatment of Osteochondritis
Dissecans in the Femoral Condyle
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@ Abstract

We have analyzed the clinical and radiological results from treatment of osteochondritis dis-
secans in the femoral condyle under arthroscopic guidance in young patients. The study group
consisted of 19 cases, involving 17 patients. The average follow—up period was 34 months, and
average age was 16 years. The cases were classified into 4 different groups, as : Group 1- stable
lesion and no specific treatment after arthroscopic examination ; Group 2— early separation and
multiple drilling ; Group 3— unstable lesion and Herbert screw fixation ; and Group 4- loose
body removal or crater curettage. The results were analyzed according to the criteria of
Hughston et al. which included clinical and radiologic outcomes. The results in the Herbert
screw fixation group was better than that in other groups. In the treatment of osteochondritis
dissecans in young patients, arthroscopic findings were reliable guidance for deciding the treat-
ment method, and active fixation was recommended in skeletally immature patients with large
unstable lesions.
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Introduction

Osteochondritis dissecans is separation of an artic-
ular cartilage and subchondral bone segment from
the remaining articular surface. In 1888, Konig! was
the first to term it “osteochondritis dissecans”. In
1998, Williams et al?’ mentioned that osteochondritis
dissecans was the separation of a bony fragment
from a vascular—normal bony bed, while osteonecro-
sis was the separation of a bony fragment from an
avascular bony bed.

Osteochondritis dissecans in the femoral condyle
of the knee joint is more common than in other
joints, and is also one of the most common causes of
a loose body in the knee joint. Various methods
including conservative therapy, curettage of the
crater, multiple drilling, bone graft, loose body
removal and fixation with metallic screw, Herbert
screw, bioabsorbable screw, K—wire and bone pegs
have been suggested for treatment of osteochondritis
dissecans in the femoral condyle® ~®. Now, the
operative treatment with arthroscopy has greatly
enhanced the ability to diagnose and treat osteochon-
dritis dissecans.

The purpose of our study was to analyze the meth-
ods of treatment of the osteochondritis dissecans in
the knee under arthroscopic guidance using clinical
and radiological methods, especially in skeletally
immature patients.

Materials and Methods

The patients who received surgery using arthros-
copy from 1994 to 1999 were reviewed. All the
patients were treated by one surgeon (Kyung HS)
under arthroscopic guidance. The study group con-
sisted of 19 knees, involving 17 patients (15 males
and 2 females). The average follow—up period was
34 months (range 14-57 months), and the average
age of the patients was 16 years (range 13-21
years). The average size of the lesions was 4.19 cm?
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(range 2.04-8.75 cm?).

The onset of the symptoms was variable, and most
showed a gradual onset involving, mostly pain and
tenderness (18/19). Locking, extension limit and
loose body catching was found in some cases, and
the provocative test (Wilson’s sign?) was also posi-
tive in four cases.

Five cases had a definite trauma history, usually
during sports activities, while the others had only
minor trauma history and insidious onset.

There were 14 cases of medial condyle involve-
ment (74 %) and 5 cases of lateral condyle involve-
ment (26 % ). The classical site, in the medial
femoral condyle just beside the attachment of the
posterior cruciate ligament, was the most common
site (6 cases).

The method of DeSmet et al'® was used for MR
staging of the lesion ; thickening in the articular carti-
lage with decreased T2 signals as stage 1, fibrous tis-
sue surrounding the osteochondral lesion as stage 2,
separation of the cartilage and increased signal on T2
behind the fragment consistent with synovial fluid as
stage 3, and loose body as stage 4. Most of the cases
were at stage 2 (5 cases) or stage 3 (10 cases),
which means early separation and a partially de-
tached lesion. Only 1 case was at stage 1, while 3
cases were at stage 4.

Also the method of Guhl!'! was used for the
arthroscopic classification ; intact articular surface as
stage 1, early separative lesion as stage 2, a partially
detached lesion as stage 3, and a crater or loose body
as stage 4. In our study, early separated stage 2 and
partially detached lesions stage 3 were most common
(12 cases) (Table 1).

Results

The results were analyzed by the criteria of
Hughston et al'® which including clinical and radio-
logical outcomes (Table 2).

At the time of arthroscopic evaluation and treat-
ment, the patients were classified into 4 different
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Table 1 Arthroscopic findings and treatment methods

Arthroscopic findings Treatment method No. of cases Results™®
Group 1- Intact lesion No specific procedure 4 3
Group 2- Early separation Multiple drilling 4 3
Group 3 Partially detached lesion Herbert screw fixation 8 7
Group 4- Crater +/— loose body Loose body removal and 3 1

crater
Total 19 14

* Number of good or excellent.

groups, using the following system : Group 1- stable
lesion and no specific treatment after arthroscopic
examination ; Group 2— early separation and multiple
drilling ; Group 3— unstable lesion and Herbert screw
fixation ; and Group 4 loose body removal or crater
curettage. The study group consisted of four cases
in Group 1, four cases in Group 2, eight cases in
Group 3, and three cases in Group 4 (Table 1).

We analyzed the statistical difference using Z—test
(P<0.05).

There were 14 cases (74 %) with good or excel-
lent results, in overall 19 knees as follows : 75 %(3/4)
in the conservative treatment Group 1, 75% (3/4) in
the multiple drilling Group 2, 86 % (7/8) in the
Herbert screw fixation Group 3, and 33 % (1/3) in
the crater curettage or loose body removal Group 4.
Herbert screw fixation Group 3 showed better results
than other groups, with statistically significant differ-
ences (each P<0.05) (Table1).

Discussion

Many hypotheses have been proposed for the etiol-
ogy of osteochondritis dissecans —including trauma,
ischemia, abnormal epiphyseal center, genetic and
endocrine causes. Many authors have suggested
that endogenous and exogenous trauma resulted in
stresses in the femoral condyle, and reported a high
proportion of traumatic episodes in osteochondritis
dissecans patients. In our study, 26 % of patients had
a definite trauma history during sports activities, and

Table 2 Rating criteria according to Hughston et al '?

Rating Criteria

Excellent No limitation in activity ; No symptoms ;
Examination normal ; Radiographs normal

Good Mild aching on strenuous activity ; Exami-
nation normal ; Radiographs show healed
defect or residual sclerosis

Fair Mild aching and swelling on strenuous activ-
ity ; Examination normal ; Radiographs show
flattening of the condyle but normal joint

space

Poor Pain & swelling on mild activity ; Tender-
ness ; Loss of 20 degrees of motion

Failure Pain & swelling on no activity ; Tenderness ;

Loss of motion of more than 20 degrees ;
More than 2.5 cm of thigh atrophy ; Radio-
graphs show absent joint space

the others had mostly minor trauma history.

Aichroth® reported that 80—85 % of osteochondri-
tis dissecans lesions occurred in the medial femoral
condyle, and our study also showed 74 % with medial
femoral condyle involvement.

Historically, various methods including conserva-
tive therapy, curettage of the crater, multiple drilling,
bone graft, loose body removal and fixation have
been suggested for the treatment of osteochondritis
dissecans® ~®. Recently, osteochondral autograft'4
and autologous chondrocyte implantation (ACI) >
have also been introduced.

The treatment of osteochondritis dissecans is
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Fig. 1 A :Simple X-ray of a 13—year—old boy shows a nearly—detached osteochondral lesion in the medial femoral
condyle.
B : MRI also shows a large osteochondral lesion surrounded by synovial fluid in the medial femoral condyle.
C : The lesion was treated by arthroscopic fixation using 3 Herbert screws, and the 12—months follow—up X—
ray shows good healing of the lesion with excellent result.

dependent on the following variables ; age of the
patient, size of the fragment, location of the lesion,
stability of the lesion, radiological and arthroscopic
findings. Over the past several years, arthroscopy
has greatly enhanced the ability to diagnose and treat
osteochondritis dissecans, and arthroscopic findings
which by showing the correct size and stability of the
lesion have been the most reliable guidance for
deciding the method of treatment. Also, we have
achieved satisfactory results in the treatment of
osteochondritis dissecans using several treatment
methods regarding the arthroscopic findings.

In the decision to use the fixation method for osteo-
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chondritis dissecans, various methods have been
advocated, but use of metallic screw, Herbert screw,
bioabsorbable screw, K—wire and bone pegs fixation
remain controversial. Some authors have reported
good healing of such lesions with these techniques,
but others have noted a foreign body reaction, sy-
novitis and unstable fixation as complications®. Wu
et al”’ advocated Herbert screw fixation and reported
good results from this technique. In our study, the
results from Herbert screw fixation was better than
those from other treatment methods, with statistical-
ly significant differences, with 86 % showing good or
excellent results in this group (Fig. 1).



In our experience, even an unstable and large
lesion under arthroscopic findings tended to have
excellent results with the active fixation method,
especially in young patients. But in the case of a
large full thickness osteochondral defect in the
weight—bearing surface, only crater curettage and
multiple drilling had poor outcomes, and we have to
consider other methods such as osteochondral auto-
graft'® and autologous chondrocyte implantation
(ACI) '™ to improve the treatment.

Conclusion

In the treatment of osteochondritis dissecans in
the femoral condyle, arthroscopic findings were a
reliable guidance for deciding the treatment method.
Active reconstruction including Herbert screw fixa-
tion technique is recommended in skeletally imma-
ture patients with a large unstable lesion.
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@ Abstract

Purposes : To analyze the results from arthroscopic ankle arthrodesis and to verify the advan-
tages of the technique compared to open ankle arthrodesis.

Materials and Methods : Between October 1992 and August 1996, arthroscopic ankle
arthrodesis was performed on five patients (involving six ankle joints) ; two patients with
seropositive rheumatoid arthritis (one patient surgically treated bilaterally), two with
osteoarthritis and one with tuberculous arthritis. There were one man and four women. Their
average age was 48 years, ranging from 38 to 65 years. The follow—up period was an average of
45 months (range 12—80 months).

Results : All patients were successfully treated for ankle joint arthrodesis under arthroscopic
control. The mean time to fusion was 10 weeks (range 6—15 weeks). There was a 100 % fusion
rate with no complication.

Conclusion : Arthroscopic ankle arthrodesis was successful in all cases with less morbidity
and shorter hospital stay, compared to open ankle arthrodesis. It was technically feasible with
excellent predictability.

Dae Kyung Bae

Department of Orthopedic Surgery,

Department of Orthopedic Surgery, College of Medicine, Kyung Hee University

College of Medicine, Kyung Hee University

1 Hoeki—dong, Dongdaemoon—ku

Seoul 130—702 Korea

TEL + 82-2-958-8355 / FAX + 82-2-964-3865
E-mail OKE]J@chollian.net

74



Introduction

Ankle arthrodesis is an accepted treatment for
patients with advanced and disabling tibiotalar arthri-
tis or osteoarthritis. Albert!’ presented the first
report of ankle arthrodesis in 1879. Since then, tibio-
talar arthrodesis has been found to be a reliable inter-
vention that relieves intractable pain caused by ankle
joint degeneration. More than 30 techniques for
obtaining ankle fusion have been described. As mod-
ern arthroscopic techniques have been adapted to
the ankle joint, complicated ankle problems have
become amenable to arthroscopic intervention.
Several recent studies have reported successful
results of arthroscopic ankle arthrodesis. This
arthroscopic technique has provided several advan-
tages over open fusion methods, including a shorter
fusion time, excellent fusion rates, lower morbidity,
and more rapid postoperative mobilization? ¢ . The
purposes of this study were to analyze the results
from arthroscopic ankle arthrodesis and to verify the
advantages of the technique compared to open ankle
arthrodesis.

Materials and Methods

1. Materials

Between October 1992 and August 1996, six opera-
tions of arthroscopic ankle arthrodesis were per-
formed in five patients by one surgeon at the Kyung
Hee University Hospital. We have retrospectively
reviewed these six cases of arthroscopic ankle
arthrodesis. Two patients had seropositive rheuma-
toid arthritis (one patient surgically treated bilateral-
ly), two patients had osteoarthritis, and the other had
tuberculous arthritis. There were one man and four
women. The average age of the patients was 48
years, ranging from 38 to 65 years. The follow—up
period was an average of 45 months, ranging from 12
to 80 months. All patients were reviewed to deter-
mine the time to fusion, fusion rate, postoperative
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complications, and the functional result.

2. Surgical technique

The arthroscopic procedure was performed under
general anesthesia with the patient in the supine
position in a manner that would facilitate fluoroscopic
imaging and internal fixation. It was facilitated by
distracting using a lateral based external fixator. The
amount and force of distraction required for visualiza-
tion was approximately 40 ~ 50 pounds (18 ~ 23 kg).
Three portals were used : an anterolateral, an antero-
medial and an anterocentral portal. The arthroscopic
equipment necessary to perform this procedure
included a 30° foreoblique 4 mm arthroscope with
camera, appropriate video equipment, and an image
intensifier. Also, curettes, high—speed motorized
suction abraders (burr) and shavers, and large—
diameter (6.5 mm) cannulated cancellous screws
were needed.

Standard anterolateral and anteromedial arthro-
scopic portals were established. Initial debridement
of hypertrophic synovium and of any loose osteo-
chondral fragments was performed to adequately
visualize the joint. The third anterocentral portal was
then established for fluid outflow and instrumenta-
tion. Next, the articular surfaces of the tibial plafond,
talar dome, and medial and lateral talomalleolar sur-
faces (medial and lateral gutters) were debrided of
all remaining hyaline cartilage and subchondral
bone. This step was performed using a motorized
arthroscopic abrader (burr). During the debride-
ment, care was taken to maintain the normal bony
contour of the talar dome and tibial plafond. A small
motorized burr was then used to remove a thin layer
of subchondral bone to the level of viable bone with
punctuated bleeding. It was not necessary to debride
to cancellous bone.

In patients who had a large anterior lip osteophyte
on the tibia or talus that blocked dorsiflexion of the
talus to neutral, we removed it. Once viable cancel-
lous bone was visualized on all surfaces of the talus
and tibia, the ankle joint was secured with two
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crossed cannulated screws. Percutaneously, one
guide pin was drilled from the medial malleolus,
beginning above the joint line and directed anteriorly
into the neck of the talus. The other guide pin was
initiated in the lateral malleolus, proximal to the joint
line and directed slightly posteriorly into the dome of
the talus. Next, all arthroscopic equipment was
removed from the joint, the distraction was released,
and the joint surfaces were reduced. The talus was
held in the position of fusion. The foot was posi-
tioned in neutral flexion to slightly plantar flexion,
with 0 to 5° of valgus of hindfoot angulation and
approximately 5° of external rotation. With the ankle
carefully held in the proper position, the guide pins
were drilled into the talus. After reduction, place-
ment of a guide pin was then checked by image
intensification. The tibiotalar joint was stabilized
with internal fixation using two or three 6.5 mm can-
nulated screws. The screw length was determined
and the proper screws were inserted over the guide
pins, and then screwed into place. Care was taken
not to penetrate the subtalar joint with these screws.
Confirmation of the reduction and screw placement
was then made using permanent X-rays. The
wounds were closed and the patient was placed in a
short leg cast.

Cases

Case 1: A 43-year—old woman suffering from
degenerative osteoarthritis with severe arthritic
changes in the right ankle joint was operated on
arthroscopically with ankle joint arthrodesis using
two cannulated screws. At six weeks postoperatively,
radiographs showed bony union. At seven years
postoperatively, she had slight discomfort after long—
distance walking but no significant complication.
Radiographs showed the appearance of osseous tra-
beculae crossing the ankle joint (Fig. 1).

Case 2 : A 40—year—old woman with tuberculous
arthritis in the left ankle joint was operated on arthro-
scopically with ankle joint arthrodesis using two can-
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nulated screws. Preoperative radiographs showed
joint space narrowing and subchondral bone destruc-
tion. At eight weeks postoperatively, radiographs
showed bony union. Radiographs obtained at two
years postoperatively, showed fusion of the ankle
joint without recurrence of infection (Fig. 2).

Results

All patients were successfully treated for ankle
joint arthrodesis under arthroscopic control.
Radiographically the average time to fusion was 10
weeks (range 6-15 weeks). There was a 100 %
fusion rate, with no complication. All patients were
satisfied with the outcome of the operation.

Discussion

Ankle arthrodesis is an accepted treatment for
patients with advanced and disabling tibiotalar arthri-
tis or osteoarthritis. Albert!’ presented the first
report of an ankle arthrodesis in 1879. Since then
tibiotalar arthrodesis has been found to be a reliable
intervention that relieves intractable pain caused by
ankle joint degeneration. More than 30 techniques for
obtaining ankle fusion have been described! 357713,
A painful ankle can result from trauma, degenerative
arthritis, rheumatoid arthritis, avascular necrosis in
the talus, or posttraumatic dislocation and fracture.
In our studies, two patients had seropositive rheuma-
toid arthritis (one patient surgically treated bilateral-
ly), two patients had osteoarthritis, and the other had
tuberculous arthritis.

Open fusion techniques vary, and alternatives
include the following ; external fixation by Charnley”’
in 1951, onlay fibular grafts by Wang et al'® in 1974,
internal fixation with screws, staples, nails,
Steinmann pins, and a variety of different plates by
Morgan?’, Ross'?, Scranton'! in 1985, and sliding
anterior tibial grafts by Moeckel et al® in 1991.

Most open procedures require extensile incisions
with soft tissue stripping, and many recommend
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Fig. 1 A : Preoperative roentgenogram shows osteoarthritis in the right ankle.
B : Radiographic union occurred at 6 weeks postoperatively.
C : At 7 years postoperatively, an X—ray film shows the appearance of the osseous trabeculae crossing the

ankle joint.

extensive bony resection with malleolar osteotomy,
which destroys the normal tibiotalar relationship.
Johnson et al'* reviewed 140 ankle arthrodeses in
1968, finding a pseudoarthrosis rate of 11 % and an
amputation rate of 3%. Charnley” reported fibrous
union in four of the first 19 compression arthrodeses
in 1951, and Hallock et al'® reported fibrous union in
23 % of 38 inlay—graft arthrodeses. Also 78 ankle
fusions, performed between 1975 and 1990, were
reviewed by Frey et al'® in 1994. The overall compli-
cation rate was 56 %, including delayed union
(12 %), nonunion (41 %), infection (3% ), nerve
injury (3 % ), malunion (3 %), and wound problems

(3%). However, a 1985 study by Morgan et al?

reported a 95 % fusion rate and few complications in
the long—term results from 101 ankle arthrodeses.
Morgan'’s fusion technique maintained the bony con-
tour of the ankle mortise and used two crossed trans-
malleolar screws for internal fixation. The rate of
pseudoarthrosis was 5 %, four to five times less than
in other recent large reports. Secure fusion was radi-
ographically documented at 95 %, and the functional
clinical result was good to excellent in 90 %. In 1994,
Stranks et al'®’ performed 20 open ankle arthrodesis
with cross—screw fixation and achieved 19 solid bony
unions. The average fusion time was 12.5 weeks,
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B

C

Fig. 2 A :The preoperative X—ray film shows subchondral destruction and joint space narrowing in the left ankle.
B : A roentgenogram obtained at 8 weeks postoperatively shows bony union.
C : At 2 years postoperatively, an X—ray film shows complete fusion of the ankle joint.

ranging from 9 to 19 weeks. Patient satisfaction was
high, and the functional results were as good as for
other reported methods, and with fewer complica-
tions.

As modern arthroscopic techniques have been
adapted to the ankle joint, complicated ankle prob-
lems have become amenable to arthroscopic interven-
tion. Several recent studies have reported successful
results from arthroscopic ankle arthrodesis® =~ %17/,
The significant advantages of arthroscopic ankle
arthrodesis are a shorter fusion time and excellent
fusion rates. Ogilvie—Harris et al®’ reported 19 ankle
fusions using an arthroscopic technique, with a 11 %
nonunion rate, and an average fusion time of 10.5
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weeks, in 1993. Turan et al®’, Corso et al?’, and
Glick et al®’ reported an average time to fusion of 10
weeks, 9.5 weeks, and 9 weeks, respectively. These
reports showed a faster fusion time following the
arthroscopic method, compared with the open tech-
nique. Our results showed an average fusion time of
10 weeks, consistent with previous studies that report-
ed a short fusion time. This more rapid union time in
arthroscopic arthrodesis is due to maintaining the
blood supply through the avoidance of extensive dis-
section and periosteal stripping. An excellent fusion
rate of 94.1 to 100 % has also been reported® * ¢
using the arthroscopic technique. In our studies, the
arthroscopic ankle arthrodesis was successful in all



cases with no complication. Recently, Cameron et
al'® reported 15 arthrodesis cases in the ankle joint
performed by arthroscopy. 100 % of the ankle joints
achieved fusion at an average of 11.5 weeks.

Other advantages of arthroscopic ankle fusion are
significantly less morbidity, shorter operative time,
shorter tourniquet time, less blood loss, and a short-
ened hospitalization and recovery time. Small inci-
sions and less soft tissue dissection make arthroscop-
ic arthrodesis advantageous in patients with vascular,
dermatological, diabetic, autoimmune, and other
medical conditions that may contraindicate a surgical
procedure with soft tissue disruption. But, some
authors have reported a high complication rate after
arthroscopic ankle arthrodesis. Crosby et al'?’
reported a series of 42 cases using an arthroscopic
technique in 1996. The overall complication rate was
55 %, including three of nonunion (7 %), two of frac-
ture (4.8 %), four of pin site infection (9.5%), one of
deep infection, four of hardware problems (9.5%),
and four of symptomatic painful subtalar joints
(9.5%). In our series, there was no evidence of any
postoperative complications.

In 1991, Myerson et al*’ were the first to compare
the outcome results between open and arthroscopi-
cally fused ankle joints. Arthroscopic arthrodesis
was performed in 17 patients, using open arthrotomy
and malleolar ostectomy in 16. The mean time to
arthrodesis for patients having the procedure arthro-
scopically was 8.7 weeks (range from 6 to 14 weeks),
compared to 14.5 weeks in the open arthrotomy
group (range from 8 to 26 weeks). O’Brien et al'”’
reported the results from 36 patients who underwent
ankle arthrodesis, in 1999. Nineteen patients under-
went arthroscopic ankle arthrodesis, and 17 patients
underwent open arthrodesis. Arthroscopic ankle
arthrodesis yielded comparable fusion rates to open
ankle arthrodesis, with significantly less morbidity,
shorter operative time, shorter tourniquet time, less
blood loss, and shorter hospital stay. Arthroscopic
ankle arthrodesis is a valid alternative to traditional
open arthrodesis of the ankle for selected patients
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with ankle arthritis.

This arthroscopic technique provided several
advantages over open fusion methods, but Glick et
al® performed 34 ankle fusions using an arthroscop-
ic technique and reported that there were some dis-
advantages in arthroscopic ankle fusion. The proce-
dure may take longer to perform because of the
longer time needed to set up the arthroscopy equip-
ment and of the somewhat laborious task of arthro-
scopic burring. Another disadvantage is that the
arthroscopic technique cannot address significant
angulatory or translational deformities in the tibio—
talar joint. More than 10 to 15° of varus or valgus
malalignment requires extensive arthroscopic bur-
ring and reshaping of the joint surfaces, which is too
difficult to achieve arthroscopically. Similarly, more
than 10 mm of anterior or posterior translation of the
tibio—talar joint is difficult to correct because of the
limited soft tissue dissection performed during the
procedure. Patients with significant malalignment in
the ankle should be considered for open rather than
arthroscopic fusion.

Conclusion

Arthroscopic ankle arthrodesis was successful in
all cases with less morbidity and shorter hospital stay
compared to open ankle arthrodesis. There was a
100 % fusion rate, and an average fusion time of 10
weeks with no complication. It was technically feasi-
ble, with excellent predictability. Arthroscopic ankle
arthrodesis is a valid alternative to traditional open
arthrodesis of the ankle for selected patients with
ankle arthritis.
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Ankle Ligament Lesions in 123 Amateur Athletes :
A Comparative Study of Semifunctional vs.
Surgical Treatment
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@ Abstract

Ligament lesions in the ankle joint are one of the most frequent traumatic injuries in the loco-
motor system. In the same way as a top athlete must return to sport activities, the ordinary
patient must return to work. The amateur athlete wants to go back to sports activities as early as
possible, too. This requires fast and sufficient healing of this lesion. In this article the semifunc-
tional therapy using the Malleocast® (Bauerfeind, Germany) orthoses is compared with surgi-
cal treatment in 123 patients after an average follow—up of 5 years. Nearly the same positive
results can be achieved after either conservative or operative treatment. However the functional
treatment offers the advantage of a significantly shorter rehabilitation. That allows the athlete to
return to sports activities much earlier. This is of importance for psychological and physiologi-
cal reasons as well as from a socio—economical point of view in workers.

Gerd M. Ivanic 1) Hospital for Orthopaedic Surgery Stolzalpe
Hospital for Orthopaedic Surgery Stolzalpe 2) Hospital for Trauma Graz
8852 Stolzalpe Austria 3) GOTS-Traveling Fellows Working Group 2000

TEL + 43-3532-2424-0 / FAX + 43-3532-2424-400
E-mail gerd.ivanic@lkh-stolzalpe.at

81



BRA5E VOL20 NO4 460

Introduction

Lateral ankle ligament lesions are one of the most
traumatic injuries in the locomotor system in ath-
letes. In a three years follow—up 2,600 patient charts
have been reviewed in the Department for Sports
Injuries. 30 percent of the patients suffered from an
ankle lesion. In two—thirds of the lateral ankle liga-
ment lesions, a combined 2 ligament lesion was
found. The damaged structure was : 1. the calcane-
ofibular ligament, responsible for an increasing talus
tilt, or 2. the anterior talofibular ligament, which
leads to a pathological talus translation. There is still
dispute over the optimum therapy for these injuries.
The present study set out to compare semifunctional
treatment with surgical treatment. The semifunction-
al therapy was performed using the L-formed
Malleocast® orthoses (Fig. 1), which is made of a
semirigid, thermo—moldable material. The range of
motion is less in comparison with the U-formed
orthoses. The authors believe that this decreased
range of motion is one of the advantages of L—

Fig. 1 Malleocast® (Bauerfeind, Germany).
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formed orthoses. Thus various lesions, such as in
the medial ankle ligaments or light drop foot, can be
treated using this L—formed orthoses.

Materials and Methods

The criteria for inclusion into this study were
stress X—rays after injury with a talus translation
under 1.5 cm and a talus tilt under 15°. It had to be
the first injury. Cases with any additional lesion were
excluded.

123 patients were included into this study. Treat-
ment was performed between 1989 and 1992. The
semifunctional therapy algorithm consisted of a split
plaster until the swelling subsided. After subsidence,
the Malleocast™ orthoses was fitted by a technician,
and worn for up to 6 weeks. The treatment was com-
pleted with different bandages consisting of pads,
tapes and special shoes (Fig. 2).

In the patients of the surgical group, surgery was
performed within 36 hours after injury. All these
patients received a split plaster until wound healing.
A walking plaster was applied for a duration of up to 6
weeks in total. In this group, the patients also
received technical aids as described before (Fig. 2).

The following results were found with the help of
the “Telos—Apparatus” according to Dr. Scheuba. All
patients were clinically examined.

Fig. 2 Different bandages, orthoses and shoes for the
first time following the described therapy.



Clinical Study

Between 1989 and 1992, 123 amateur athletes with
an injury in the lateral ankle ligaments were treated
in the Department for Sports Traumatology of the
Hospital for Trauma Surgery Graz. 64 patients
belonged to the semifunctional group, and 59 ath-
letes received surgical treatment. The semifunction-
al group consisted of 43 male and 21 female athletes.
38 right and 26 left ankle joints were injured. The
athletes were non—professional athletes, who had
sports training more than three times during a week
and who participated in competitions. After the
injury, the patients received a split plaster. After the
swelling subsided, the Malleocast® orthoses was
applied by the orthotist. If the patient foot size was
bigger than 43 cm an individual orthoses was ap-
plied. It is very important that the toes and the
metatarsophalangeal joints stay free. Thus, a roll off
with the orthoses is possible. The thermo moldable
orthoses has to fit painfree and without points of
pressure peaks. Additional velcros were fixed as nec-
essary.

The patients were instructed by doctors, physio-
therapists, and orthotists to wear the orthoses like
plaster—of—Paris for 24 hours a day. Thus plantar
flexion during the night time can be prevented if the
patient likes to sleep on his belly. It should be pointed
out that the advantage of an L—formed orthoses is not
only the prevention of supination, but also helping
prevent plantar flexion of more than 20°. It has been
suggested in different studies that a plantar flexion
over 20° leads to negative stress in the healing liga-
ments. This is the reason why the L—formed orthoses
seems to show better results than the U-formed
orthoses. The U—formed orthoses needs shoes for
full effect. For reasons of hygiene, showers and
baths should be taken while wearing the orthoses.
Afterwards the patient has to sit down and dry the
skin and orthoses very carefully. Thus mazeration of
the skin and additional injury can be prevented.
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The wearing of compression stockings under the
Malleocast® helps to decrease the amount of swell-
ing and increases the blood flow. If the patient is not
willing to wear compression stockings, the authors
recommended short cotton socks.

The average wearing time of the Malleocast
orthoses was 25 days (from 19 to 39 days). Proprio-
ceptive training was initiated during the last week of
using the orthoses. Tapes, bandages and shoes were
applied to help return the patients to work and to
sports activities, as early as possible, and to prevent
relapses. Technical aids were recommended accord-
ing to the branch of athletics (2).

The surgical group consisted of 59 patients includ-
ing 31 males and 28 females. 34 had injured the
right, and 25 the left ankle. They underwent surgery
within 36 hours after the injury. A split plaster was
applied until wound healing. Afterwards, a walking
cast, made from plaster—of—Paris, was applied. The
average time of cast application was 28 days (from 24
to 39 days). At the time of injury, an average talus tilt
of 12.7° (from 8 to 15°) was found in the semifunc-
tional group, and of 13.2° (from 9 to 15°) in the surgi-
cal group. The talus translation in the Malleocast®
group (semifunctional group) before treatment was
1.3 cm (from 0.7 to 1.5 cm) on average, and 1.1 cm
(from 0.6 to 1.5 cm) in the operative group. The
average age in each group was 26 years.

Results (Table 1)

After an average follow—up time of 5 years, the
examination of the patients was done clinically and
radiologically with stress X—rays using the Apparatus
according to Dr. Scheuba. The semifunctional group
showed an average talus tilt of 2.3° (from 0 to 5°) and
the surgical group of 3° (from 0 to 7°). The average
talus translation at 5 years after treatment in the
semifunctional group was 0.2 cm (from 0 to 0.6 cm)
and in the operative group was 0.3 cm (from 0 to
0.6 cm). Complications were found in both groups.
9 patients in the Malleocast®™ group had problems ; 4
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Table 1
- ;
Rosults Malleocast Surgical
Group Group
Talus tilt before : 12:7° 132
Talus tilt after : 2.3° 3
Talus translation before : 1.3cm 1.1cm
Talus translation after : 0.2 cm 0.3 cm
Back to specific sport : 47 days 60 days
Back to competition : 71 days 92 days

with swelling in the ankle and 5 with foot twisting. In
the operative group, 14 patients had problems ; 6
patients suffered from foot twisting, 5 patients had
trouble with the operative scars, especially when
wearing shoes, where a shoe conflict arose at the
shoe—rim, and 3 had problems with foot swelling.

No days of hospitalisation were necessary in the
semifunctional group. The surgical group stayed on
average 7.5 days in hospital (from 1 to 11 days).

The average days of recovery and back to training
after the injury in the semifunctional group was 47
days (from 24 to 113 days), and in the surgical group
was 60 days (from 31 to 109 days).

After an average of 71 days (from 39 to 156 days)
after injury, patients from the Malleocast® group
could participate in competitive sports. 2 patients
cancelled competitions. In the surgical group, there
was an average of 92 days (from 39 to 167 days) of
recovery, before the patients went back to competi-
tions. 4 did not continue with competitions.

Discussion

First it has to be mentioned that this study was
done on amateur athletes who are not so interested
in going back to sports as full professionals might
want. A professional athlete has to return to his work
as fast as possible like a worker who is afraid of los-
ing his job. Amateur athletes do not have this pres-
sure. For sure an amateur wants to go back to his
training as early as possible, but with different feel-
ings and reasons. Thus the recovery time back to

84

Fig. 3 Push Aequi® (Ofa Bamberg, Germany).

specific training and competition is much longer than
in high—level professional athletes.

From the authors point of view, the kind of therapy
algorithm is clearly defined. In the first line of treat-
ment, functional therapy is preferred and recom-
mended. Only the coexistence of other injuries like a
flake fracture or a “three ligament lesion” is reason
for surgical treatment in the first instance of a lateral
ankle ligament injury. The most important factor in
functional therapy is the patient’s compliance.
Without that, it is better to use plaster—of—Paris.

The authors like to use L—formed orthoses like the
Malleocast®. This aid is made of semirigid material
which the authors think is not necessary anymore.
Thus they like to use newer, more comfortable ortho-
ses like the Caligamed® (Bauerfeind, Germany) or
DynaAnkle® (Otto Bock, Germany) or Push Aequi®
(Ofa Bamberg, Germany) (Fig.3). These products
are less rigid and bulky and fit better into ready—
made shoes or sneakers, but give the same safe sup-
port to the ankle joint. The functional treatment
achieved the results similar to those from surgical
therapy. Functional treatment was faster and more
comfortable for the patient. (A similar study was
done in 201 patients : the duration of working disabil-
ity in the functional group was 20.6 days and in the
surgical group 38 days) The functional treatment
had less risk and has major advantages from a socio—
economic point of view as well.
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