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Proprioceptive and Knee Joint Kinematics for Comparison
of Remnant Preserved versus Non-remnant Anterior Cruciate
Ligament Reconstruction Using Achilles Allograft
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The purpose of remnant preserving technique in anterior cruciate ligament (ACL) reconstruction is to preserve
mechanoreceptor and accelerate revascularization. In this study, we compared a group who underwent remnant
preserving technique using Achilles tendon allograft with the other group of conventional ACL reconstruction in terms
of proprioception, kinematic analysis, knee strength test and dynamic postural stability. Twenty-four patients were
followed up for longer than 12 months after ACL reconstruction. They were separated into two groups; remnant
preserving group (n=12) and non-remnant group (n=12). Proprioception test was conducted through joint position
sense (JPS) and threshold to detection of passive motion. The remnant preserving group showed significantly less
difference from the normal side than the non-remnant group. In kinematic analysis, there was statistically significant
difference in peak flexion angle during the swing phase. However the 60° JPS, knee strength test, performance
capacity test and dynamic postural stability did not showed the significant difference. Remnant preserving technique
of ACL reconstruction was meaningful in preserving proprioception and the result showed akin to the unaffected
gait.

Key Words: Anterior cruciate ligament, Remnant preserving technique, Proprioception

Received: April 23, 2012  Revised: August 7, 2012 Accepted: August 9, 2012

Correspondence: Churl Hong Chun

Department of Orthopaedic Surgery, Wonkwang University School of Medicine, 859 Muwang-ro, Iksan 570-711, Korea
Tel: +82-63-850-1254, Fax: +82-63-852-9329, E-mail: cch@wonkwang.ac.kr

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

100 | CHYEAZEX O[S} A



YFol 9. FYYRIRIN AALOIN DRFRYY YR Y BALTH 24

X
rhu

)
o
>
)
-0,

Ay %IE%Z% e,
ot Al &89 g iﬁfrﬂﬂﬂ 7159 35| o
A Ao L n] ATk P, oo AF2A S BEF
AFARIY Ade 7144 37 28719 7155 EE8)
o JPBse A= HoH =g Yot

Lee 59 5% 5437 32 A7} YAS o] &3 A
At QAN A 1H22E BHEste] £2 JAHH AE
2HE 5191, Jeong 572 S o} A A (Achilles allograft)
< o] &% AR AAgolM EE A HF2F
< HEs= iR 22 dA A0S TR Adachi
5o A7t &84 2 FEAL ol &sta AR
e 9 AAeS N9 $AE vus A 7144 17
78719 75 HEY 5 Qe APAARIY Be HAl
g oA AAES AP 2ol vg) 488 2 FHE 9A
47 SolA £ AHE LRSI

B AtoAE obdd A 55 AS o] $3 AR BHES

= AT 2 v EEeS AT £o2 o] T84t
S =
[¢]

2715 2 4 % T Tl 2 FA
29 A4 5 ABHGOH olof] B2 Aol HmaTA
st

i

1. CHAbT} B

0.

2008 1€5-E 20104 129 Afo] ofdH A FEAS AHE
3} Z*H“}JX}"‘EH ZHZ']_F— W2 g7 SRS ez St
. o] & A T35 oY FA}, FH 24 AR QA
&> Aol A ﬁ%?‘ri’i] HESAS NPT 27 H wEES
2 AWt 2 A8 129, § 149 7% glol Aus
oArA ATE Frlstat HIFASL B ARIE0] 2 A3
A 2o £33 RS0 eH, F IFoE Rz
AL HESH AAeS MY Ao (remnant group, group
DT AR2HS dHe AR S AP 27
(non-remnant group, group I1)©.2 U] THTable 1). #A %
274 A o] FR9 UG AT BR2Y

of A& B AREAHS BHEN Ahas APstged

Table 1. Characteristics of study subjects

Group | Group || p-value
Age (y) 28.2 30.3 0.728
Sex Male only Male only
Height (cm) 168.7 170.2 0.682
Weight (kg) 69.3 70.5 0.543

Group I: remnant preserving group, Group ll: non-remnant
group.
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Fig. 1. Remnant preserving technique. (A) Femoral tunnel was positioned at the proximal part of bifurcate ridge preserving
the remnant of anterior cruciate ligament (ACL). (B) Allograft was passed through beside the remnant of ACL. (C)
Postoperative radiographs. *Remnant of ACL; TAchilles thedon allograft.
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Table 2. Anterior cruciate ligament reconstruction rehabili—
tati on protocol

Postoperative Rehabilitational goals

period
0—2 wk  Full knee extension ROM
90° knee flexion ROM
Partial weight—bearing 50% to 75% with
crutchs
Quadriceps stengthening
2—4 wk  Progress ROM to 120° by 4 wk
Full weight-bearing without crutches
4—6 wk  Progress to full ROM by 6 wk

Begin isokinetic hamstring work at 6 wk
Progress closed chain exercises
8—10 wk Progress ioskinetic work
Slow-form running
12—14 wk Initiate jogging program
Initiate light polymetric program
16—18 wk Isokinetic strength test
Agility training and sport-specific training

5—6 mo Return to sports determined by physician

ROM: range of motion.
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Memorize
knee angle

Distractor Actual

-

Lokomat
moves knee

Subject
moves knee

Fig. 2. The method of measured joint position sense. (A) Put on Lokomat (Hocoma AG). (B) Flow diagram for the measured
joint position sense. The subject is placed into the target angle by the Lokomat and is asked to memorize the angle. After
being moved away from the target, the subject move the leg back to the target angle.
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Fig. 3. Primus—RS, BTE. Physical therapy equipment for
multi—joint testing, orthopedic rehab, neuromuscular re—
education, and advanced musculoskeletal athletic training
of the upper & lower extremities and the core.
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Fig. 4. Biodex Stability System (BSS, Biodex Medical
Systems Inc.) Consists of a movable balance platform that
provides up to 20° of surface tilt in a 360° range of motion.
The platform is interfaced with computer software that en-
ables the device to serve as an objective assessment of
balance.

104 | CHPEAZEX O[S} A

ox lo Qb w
) 1E
i 2

_H
é—‘g
é
0o 2
lrn
e
i@
_OH
2
=
ox
_OH
=
2
olX
RS
N
>,
[~
1:13_1
fllo
2

o H3l5 &2 4 EH of|A] ‘I*H°ﬂ AA ek B3 A 2749
A 2HA A oA = AT} motion analysis custom
software S §oFo] 3 LR ZAHH, FFATH
WSS AAIT o2 Fote] 23A Yo A4S A9
=25 A4S ge 5 o, dEF o Qdte] Weut>
AGEEE = of3ln

NEAL old AAE B8E AolA 10 ol Az S
APHF 222 BYT 52 PA dged o zx*um
33| o4 HHE K & AT BY
RIL, T AT F 599 HIY FAE l 2
W) Y427), §2719) £Be) 2EE 2SR FEAY
e ARgstEH

5. &4

B 70 2HARE 9] EAL SPSS ver. 12.0 (SPSS Tnc.,
Chicago, 1L, USA)% o|-&35}ta] A3} 4 ). Independent t-testS:
olgstel F Hdkg vl AG o FANE ForE2

p<0.05Z 3}t
2 I
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HEed A3 F(group )Y ,_Xi g (extensor muscle
strength) @] 24 A3} 60°/52} 180°/52] ZH<4 I (angular velocity)
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Table 3. Isokinetic strengthening

Knee Group | Group I —val
strength (N/m) (N/m) prvalue
Extension 60°/s 115.4420.8 113.3+19.0 0.530
Extension 180°/s  89.1+16.7 85.6+15.3 0.332
Flexion 60°/s 82.1+£20.5 82.2+17.9 0.839
Flexion 180°/s 65.6+16.2 66.5+9.18 0.476

Group |- preservation of remnant group, Group II: no
preservation group.
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TrofstA ASEY 2Fol7h Z A Thp<0.05) (Table 4). AAA s 7 2 9 o Aol BEEA FUTHp>

TDPM AAF 24 A3} 45° Z+ o A group 19] group 11 0.05) (Table 7).
Wlsho] -915H A4S R Aol 7t B SAekp<0.05) (Table
5). 9Al & & 78] HiE TDPMOA] dojZl Z5 AH
WEskd ga, JAETe ol b msett BYRYA §27] A FTLH T F 29§97
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Table 4. Joint position sence and threshold to detection of passive motion

Test Non OP Group | Group I |
p-value
angle (°)  groupx The operated knee The opposite knee  The operated knee The opposite knee
15 2.23%°4+1.22° 2.74°+£0.92° 2.35°+1.17° 3.08°+1.78° 2.11°£1.27° 0.02627
0.49°+0.66°" 0.97°+0.72°"
45 2.49°40.97° 2.96°+1.54° 2.57°4£0.95° 3.23°+1.36° 2.41°4£0.99° 0.02437
0.39°+1.38°" 0.82°+1.47°"
60 2.14°+1.16° 2.68°+1.74° 2.12°41.13° 2.72°4£1.43° 2.16°+1.19° 0.1722
0.46°+0.72°" 0.56°+0.78°"

Values are presented as meanzstandard deviation.

Non OP: non operation, Group: remnant preserving group, Group ll: non-remnant group.

;The opposite knee group that did not take surgery; "The difference between the operated groups and the opposite group;
p<0.05.

Table 5. Threshold to detection of passive motion

Test Non OP Group | Group |l |
p-value
angle group* The operated knee The opposite knee  The operated knee The opposite knee
45° 1.57°+£0.5° 2.38°4+0.47° 1.59°+0.57° 3.31°40.85° 1.55°40.43°
0.79°+0.46°" 1.76°+0.72°" 0.0113"

Values are presented as meanzstandard deviation.

Non OP: non operation, Group |: preservation of remnant group, Group ll: no preservation group.

*Total opposite knee group that differences in surgical method is not; "The difference between the operated groups and
the opposite knee group; Tp<0.05.

Table 6. Dynamic postural stability

Group | Group |l p-value

Dynamic postural stability (%) 25.32+20.58 26.32+20.82 0.183

Group |1 remnant preserving group, Group Il: non-remnant group.
p<0.05.
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Table 7. Clinical result of performance capacities of each subject

Group | Group I p-value
Carioca (s) 9.18+£2.07 10.56+2.61 0.0418x*
Shuttle run (s) 8.34+1.53 8.48+1.96 0.667
Single Hop test (cm) 150.1+£30.74 148.8+36.95 0.542
Group |- remnant preserving group, Group Il: non-remnant group.
*p<0.05.
Table 8. Result of kinematic gait analysis

Group | Group I p-value

Peak knee flexion in stance phase 11.46°+£2.74° 11.65°+£3.76° 0.883
Peak knee extension in late stance phase 7.78°+£1.82° 7.33°+1.53° 0.645
Peak knee flexion in swing phase 56.34°4+3.98° 60.75°+3.06° 0.028x

Group |- remnant preserving group Group ll: non-remnant group.

*p<0.05.

Knee flex/extension
—— Group |
- Group Il
----= Normal knee group e

80

60

Flex

Ext

20 T T T T 1
0 20 40 60 80 100

Fig. 5. Knee kinematics at average of each group. Group
| was similar to the normal kinematics of the knee joint.
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L 715309 7‘j = TDPM} JPS, 7] % % (standing balance)

So| 9ich. TDPME Bdzo] A3 Wad o $299
w3}l ‘?}%ﬂt« AT RS BEAE AR 2o

$a%< AR
21

&

L

Hole 5 BxZo| Wt AA

01.

i)

olo] JPS FAHE ZHEST 4T WA 2 4 s
Fo] Qlof wol g T Qo 2 g R gojAs
gho| E|3 g{ch. whel TOPME JPS Ape] 13} 412 4]
L Ao RuEAS A4 Bl oFT, Be A7k
28t Bl Ytk

PS g AR Refealt aelont 24
E3E FE 5 qlov] I WA7h A4 ] 2%aA

ON

rg o

thg A ) o] el 47 HgaN ATt ARyl et
9P heo 2, BE gL 902 9N AAE ] iR
o 399 402 9 FAY WaE AAsAY 44

714 A Adste 714 &A1Y A&l 9 HtgHt=
Ho| Qoo upxjuto 2 Au|o] nAHAR| 7} w5 BA 7zt
of 2-g-3te] o] A7 3|29 feedbackS A4ets}7] ofFrh=
1=

o]o| Domingo 5”& 9|27 23 (Robotic Exoskeleton)3}H]
2 Lokomat; 018319} a}2)9] pSE RFHOE 2elsich
A 53 SR ol Gl o] FE lgold
G et Ul RPN TR B B2) AESHE
feedback & A}3}7| = ﬂﬁ%ﬁtﬂ S5 adtf gigtels of
SEICERICS

AAE9 AFolA JPSe TDPMe 722 HESE
HlHES 7} oA S| Zfoof thsto] vl £45)
£, ol 27e] $ol4 WE7H el 44 9 4
AR 2O 2olE AZho] 22t 27| thio] Hoe T
8712 2348 vk A ki) ROl 1 At 1S,
45°9] JPS % TDPMof| A &S X3 FH(group N)o] H]EE
22 A3 o o] Hl3tel S5 2T Fol
7} H5ick. E4F sk TOPM 2ke] oigt A1 B2 Thalsh
RTH(p <0.05).

w, 2o tﬂfﬁ el Kimak ng %%4 A%

ol 232

% 10 42 409 229 29 BRE 250 4
HRo] QA= Apol7k YAl ¢F7] mhizeletal shgit. AR
o AToE £uEe) AH 2ol 2% 2L 2 Ao}
B8 @

4 AAFA 2 71

8 >1E

L Jo 03"..

FJ_.

Sqo] VP SHL BE A

[N

85 A 72 Bl 2] A= sk, o] § 57152
SHA19 AR F559 23t G EE HolH, A 7
S 1848 A7 13 A 42T A2, a8 3y
Hozhy #8d Ot 4459 223 ot & 9+
A T2 AARA A 2 7HE L7 AAE A9 71
F AAHAE HeFH7), SFEEYI)AAN F 2 7Y Fg
Aol SHEA FTh

St AN Ad s Hao figt AFe o
AR50 3 o] 2ol AL, Berchuck 7€ A ARl
A& WS 7 B/ F 7%l A tE AR Y] 2y
(quadriceps avoidance gait) &2 H38 & e]7} Wslgtcty 519
1, A7 dfF A2 EF FAZ Qlste] 140% H =9
SV $5ULE a9 WIS AdE Fol
T B3R L8 A sHkinematics)®] W37} 911 Emst S
£ ol EERY it £¥A 539 2 93
th. 281 Timoney 7)< AAMZT} AWARIY AAE S
AT £ vlaste 7t A7) £8d 25 ZHE
FaE BESIH oY oA Hig AAAIY 2E &7
AEt o7} A glom uebA ALY e AW
g s A= AAT Yl g E AFD 3T HPS
dojubA] GF=thal skt & AFoAE A5 Hle] #Zo
Autzoz ==Y F7H5 Holil glgloy HEed
A Fgroup 1), H{EE&S AT F(group 1) F 7
79 4747] 2F2bolu 7] A7) Az A o3t 2ol
£ Holx ofstth B3 447 2543 w7 447) AW
SWE AR ZYoly 2328 SAH R FoT A
Hola ek & 7247] %*7“’1]"1 Fa7
O2 ot Ao7t HHEHRIoH, o] F F Lft &

—_—

p

X

_124, mlm
0
¢

,

&
T
rx

o ©h2 B8 A SEANR Aol7t glom, Be
R8T A AY 2] Phe Bag nolta

N

Rl rHI oy ofm i rlo
i
1~
mlo

ol
s
B

e rhu
¢
40
1o
>
o
o,
lo
U
Ir
ot
oSk

z 9 Aok Yn 2847}

Athe A, 144802 A4 B B L A%

Aejo] ua o] 223t A4

AZG 4 ok 2% 1448

x*aau oo, 9
2959

4715 s34

rr
k)
:
m

=)
&
o
S~
afu
En)
l‘lJ Ho ¥
o,
offl
2
o
fu
o m
O

J

off
)
I
E

%%7&2-% 4527 5264 AR PIAL A
Agol L5EARS HEFET o7t gglon] £
o a4 9 715E B8t fEedt A0 AR

H3038 HI2¥ 2012 | 107



KM Kim, et al. Proprioception and Knee Joint Kinematics of ACL Reconstruction

24 BESNS AW WAL A0S FANEOR 94
3 ARE 7| 4 Yt 2402 A4uE g ge =
] 3

B2 A Bl

10.

11.

12.

. Bray RC, Dandy DJ. Meniscal lesions and chronic anterior

cruciate ligament deficiency. Meniscal tears occurring before
and after reconstruction. J Bone Joint Surg Br 1989;71:128-
30.

. Georgoulis AD, Pappa L, Moebius U, et al. The presence of

proprioceptive mechanoreceptors in the remnants of the
ruptured ACL as a possible source of re-innervation of the
ACL autograft. Knee Surg Sports Traumatol Arthrosc 2001;
9:364-8.

. Shino K, Inoue M, Horibe S, Nakata K, Maeda A, Ono K.

Surface blood flow and histology of human anterior cruciate
ligament allografts. Arthroscopy 1991;7:171-6.

. Barrett DS. Proprioception and function after anterior cruciate

reconstruction. J Bone Joint Surg Br 1991;73:833-7.

. Reider B, Arcand MA, Diehl LH, et al. Proprioception of the

knee before and after anterior cruciate ligament reconstruc-
tion. Arthroscopy 2003;19:2-12.

. Lee BI, Min KD, Yoon ES, Kim JB, Choi HS, Lee DH.

Mechanoreceptors in the remnants of ruptured anterior
cruciate ligaments in human knees. J Korean Orthop Assoc
2006;41:811-7.

. Jeong HJ, Shin HK, Lee J, Choi K, Jeon B. Preserving

remnant tissue in arthroscopic ACL reconstruction using
achilles tendon allograft. J Korean Knee Soc 2010;22:215-21.

. Adachi N, Ochi M, Uchio Y, Iwasa J, Ryoke K, Kuriwaka

M. Mechanoreceptors in the anterior cruciate ligament
contribute to the joint position sense. Acta Orthop Scand
2002;73:330-4.

. Shelbourne KD, Nitz P. Accelerated rehabilitation after

anterior cruciate ligament reconstruction. Am J Sports Med
1993;21:887-9.

Linn RM, Fischer DA, Smith JP, Burstein DB, Quick DC.
Achilles tendon allograft reconstruction of the anterior cru-
ciate ligament-deficient knee. Am J Sports Med 1993;21:825-
31.

Noyes FR, Barber-Westin SD. Reconstruction of the anterior
cruciate ligament with human allograft. Comparison of early
and later results. J Bone Joint Surg Am 1996;78:524-37.
Jackson DW, Windler GE, Simon TM. Intraarticular reaction
associated with the use of freeze-dried, ethylene oxide-steriliz-

108 | CHPEAZEX OIS} A

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ed bone-patella tendon-bone allografts in the reconstruction of
the anterior cruciate ligament. Am J Sports Med 1990;18:1-
10.

Roberts TS, Drez D Jr, McCarthy W, Paine R. Anterior
cruciate ligament reconstruction using freeze-dried, ethylene
oxide-sterilized, bone-patellar tendon-bone allografts. Two
year results in thirty-six patients. Am J Sports Med 1991;
19:35-41.

Peterson RK, Shelton WR, Bomboy AL. Allograft versus
autograft patellar tendon anterior cruciate ligament recon-
struction: A 5-year follow-up. Arthroscopy 2001;17:9-13.

. Chun CH, Han HJ, Lee BC, Kim DC, Yang JH. Histologic

findings of anterior cruciate ligament reconstruction with
Achilles allograft. Clin Orthop Relat Res 2004;(421):273-6.
Schultz RA, Miller DC, Kerr CS, Micheli L. Mechanore-
ceptors in human cruciate ligaments. A histological study. J
Bone Joint Surg Am 1984;66:1072-6.

Miura K, Ishibashi Y, Tsuda E, Okamura Y, Otsuka H, Toh
S. The effect of local and general fatigue on knee proprio-
ception. Arthroscopy 2004;20:414-8.

Tsuda E, Okamura Y, Otsuka H, Komatsu T, Tokuya S.
Direct evidence of the anterior cruciate ligament-hamstring
reflex arc in humans. Am J Sports Med 2001;29:83-7.

Ochi M, Iwasa J, Uchio Y, Adachi N, Sumen Y. The re-
generation of sensory neurones in the reconstruction of the
anterior cruciate ligament. J Bone Joint Surg Br 1999;81:
902-6.

Fremerey RW, Lobenhoffer P, Zeichen J, Skutek M, Bosch
U, Tscherne H. Proprioception after rehabilitation and recon-
struction in knees with deficiency of the anterior cruciate
ligament: a prospective, longitudinal study. J Bone Joint Surg
Br 2000;82:801-6.

Corrigan JP, Cashman WF, Brady MP. Proprioception in the
cruciate deficient knee. J Bone Joint Surg Br 1992;74:247-50.
Oh SJ, Yang SJ, Ha JK, Seo JG, Choi JY, Kim JG. The
effectiveness of joint position sense test in evaluating the
proprioceptive function after anterior cruciate ligament recon-
struction. Korean J Sports Med 2011;29:83-8.

Refshauge KM, Chan R, Taylor JL, McCloskey DI. Detection
of movements imposed on human hip, knee, ankle and toe
joints. J Physiol 1995;488 (Pt 1):231-41.

Collins DF, Refshauge KM, Todd G, Gandevia SC. Cutan-
eous receptors contribute to kinesthesia at the index finger,
elbow, and knee. J Neurophysiol 2005;94:1699-706.
Domingo A, Marriott E, de Grave RB, Lam T. Quantifying
lower limb joint position sense using a robotic exoskeleton: a
pilot study. IEEE Int Conf Rehabil Robot 2011;2011:5975455.



YFol 9. FYYRIRIN AALOIN DRFRYY YR Y BALTH 24

26.

27.

Kim DK, Park WH. Proprioceptive and strength comparison
of remnant preserved versus conventional anterior cruciate
ligament reconstruction. Korean J Sports Med 2011:99-104.
Berchuck M, Andriacchi TP, Bach BR, Reider B. Gait
adaptations by patients who have a deficient anterior cruciate
ligament. J Bone Joint Surg Am 1990;72:871-7.

28.

29.

Ernst GP, Saliba E, Diduch DR, Hurwitz SR, Ball DW.
Lower extremity compensations following anterior cruciate
ligament reconstruction. Phys Ther 2000;80:251-60.

Timoney JM, Inman WS, Quesada PM, et al. Return of nor-
mal gait patterns after anterior cruciate ligament reconstruc-
tion. Am J Sports Med 1993;21:887-9.

H3038 HI2¥ 2012 | 109



