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Comparison of Magnetic Resonance Imaging of Remnant Preserving
versus Remnant Sacrificing Technique after Anterior Cruciate
Ligament Reconstruction; Clinical Results and Second-Look
Arthroscopic Findings: Pilot Study

Byung-Ill Lee, M.D., Ph.D., Byoung-Min Kim, M.D.*", Duk-Hwan Kho, M.D., Ph.D.*,
Sai-Won Kwon, M.D., Ph.D., and Hwan-Bae Kim, M.D.*

Department of Orthopedic Surgery, Soonchunhyang University Seoul Hospital, Seoul,
*Department of Orthopedic Surgery, Konkuk University Chungju Hospital, Chungju, Korea

Purpose: The purpose of this study was to clarify the difference between the remnant-preserving and remnant-sacrificing techniques in
anterior cruciate ligament (ACL) reconstruction using stress test, functional score, 2nd look arthroscopy and magnetic resonance imaging (MRI).
Materials and Methods: Among 66 patients having anatomical ACL reconstruction with the fourstrand hamstring autograft using outside-
in technique (FlipCutter®) for the femoral tunnel from April 2012 to April 2014, 23 patients who underwent 2nd look arthroscopy and MR
were included. The remnant-preserving group included 12 patients and the remnant-sacrificing group included 11 patients. The two groups
were compared and analyzed with regard to stability (Stress test using GNRB®, pivot shift test), functional assessment (International Knee
Documentation Committee [IKDC] scale, Lysholm score, one leg hoop test), and the result of second-look arthroscopy and signal to noise
quotient (SNQ) ratio of the graft in MRI.

Results: The two groups did not differ significantly in the stability test, IKDC scale, and Lysholm test. The remnant-preserving group
showed significant improvement in one leg hoop test compared with the remnant-sacrificing group (p<0.05). The SNQ ratio of the grafted
tendon in the remnant-preserving group was significantly lower than those in the remnant-sacrificing group in all regions (p<0.05). In
second-look arthroscopy, no significant difference in tension, synovialization, and status of the bundle was observed between the two
groups. The grade of synovialization and the status of the bundle in second-look arthroscopy did not influence the signal intensity of the
graft in MRI (p>0.05).

Conclusion: More than 12 months after surgery, the graft of the remnant-preserving group showed lower signal intensity compared to that
of the remnant-sacrificing group by MRI evaluation. The remnant preserving technique has biological difference compared with the remnant
sacrificing technique in human study.

Key words: anterior cruciate ligament, anterior cruciate ligament reconstruction, remnant preserving technique, ligamentization, magnetic
resonance imaging
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2 il . -
BAAR Zpol= YTt B3 F o 2ol A, Lol o]z
T, 2F FA171700 FAIA ] Zfol= ¢l thTable 1).
2. =4 U x|
A4 Be HFuEsto] A diet A A E #2kt & a5 5
Fe e T I8 Y5 Soste] AEde FEYA|
‘Jefioll A At WE Ui SYHEH of fofl it FI7HE Al
S, APHARIT O] T E S SRIsknt 54 A=t
Ul st o] L FoA dojit F9- F-27t Aol HPgyARI
22l Sk A o ISt A ARt o] o= F
201 tE|Q] ko] YSEE RE3AI7|HA e Al IRHIEE
= Aotk
D A7HA o] A& 913 &4
wEE e AAT & FE2E YSElolA syt v S
AHste] T-8-5 AAS F thEIL TightRope™oll AZsto] Ayt
Table 1. Patient Documentation in Both Study Groups
Variable Group | Group I p-value
Sex
Male 11 (100) 9(75.0) 0.12
Female 0() 3(25.0)
Age (yr) 33.2 27.5 0.1
Chronicity (mo) 19.0 4.1 0.24
Follow-up (mo) 17.8 15.5 0.24
Graft size (mm) 0.13
7 5(45.5) 10 (83.3)
8 6 (54.5) 2(16.7)

Values are presented as number (%) or mean. Group I, remnant
sacrificing group; Group Il, remnant preserving group.
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Figure 1. Passage of grafted tendon.
Leading sutures lay inside the anterior
cruciate ligament (ACL) stump; pictorial
description (A), arthroscopic finding (B).
After the grafted tendon was passed, it lay
inside the center of the ACL stump with
circular synovial coverage of its major
part.
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4) o] A7 2] S 3Hpassage of the graft)

A MR} ] A o] g Al 2 FlipCutterS A7
Fofl T W= E 7 (passing wire)S A
205 Bl 4= 52 wjuoich o4 92 TightRope”
Aol W = i Hg S5ollA e A
Zsto] oAl g ZhR2A 0] 7R H 2 S
S SRR o] A& mhet /)x|5HA| shof %k
gefo] 7o A A] g=E S5H THEFig. 1).

(graft fixation)

ZAof ulg] AAE TightRope"S ©]-&5
e & Hae 5o ez 529 A
7177 (tensionen®ll Aol =4t 34
= oF 0=9] ZF9A[NA 113719 =7} 30 Ibs7} B =5
LA 7 % oo S8 HUARE EEE
Uofl P A|7|3L spiked washer®} ¥ ATUAL B 74|17
F7Fste] %

Synovialization

Good

Fair

Poor

3. HII 4y
1) 2873 87t

= AAks AYAARIY s 23 o xR 21
Al AP 2RE AMS-oF o o] A 9] AR} pivot-shift 7
ARZ A135FITE GNRB® System (Genourob, Laval, France)2 ©|
85t] 134 Noj|A| A5 &5 A 9] F 9] AFolE mm
2 HASHAL, pivot-shift HAR= 7153t v]aste] F o] o
T ol Ro] Q= B grade I, R o Q= -

< grade II, oFrret 7o) QL= 749 grade 112 B7H5H9iTh

o
T

A

6] |

BRI a4 3t o] XA Ao Lysholm 4
International Knee Documentation Committee (IKDC)2] % 7]
=2 485t IS, WEET, Adf FE8, BAMAA T1E
of wg} Z+zF A (normal), B (near normal), C (abnormal), D (severe
abnormal)®] =0 = Esto] AP HpE oo, v
=S w7 E ol&ot SA o 1Bl U] 4
A= AP A4z Aol 522 HA| ok St
o] AlHoER] QAL o] xR Ao Alstylon e

2 g 7o diste] @502 H A2 g HAER 7|55kl

A
e

P E-]

Status of bundle

Figure 2. Findings of a second look arth-
roscopy. Tensions of reconstructed grafts
were evaluated subjectively with meti-
culous probing and it was graded as
good, fair, and poor. Good tension was
graded if tautness was felt. Fair was
graded if the tension was slightly lax, but
acceptable. Poor was graded if there was
no firm tension. Synovial coverage of the
reconstructed graft was graded as ‘good’
when the synovium covered the entire
lengths of the graft, ‘fair’ when synovial
coverage was incomplete, and ‘poor’
when the synovium covered less than half
the lengths of the graft. Status of the fiber
bundle was designated as ‘good’ in case
where we could not see the fiber of the
graft, ‘fair’ in case where we could see
the fiber but it was not ruptured, ‘poor’ in
case where we could see the fiber but it
was ruptured.
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Figure 3. Postoperative sagittal oblique plan, proton density magnetic
resonance image of the knee shows the positions of the 5 regions of
interest, which included a distal third (1), middle third (2), proximal third
(3), quadriceps tendon (4), and 2 cm anterior to the patellar tendon (5).
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o, B7F 6013 BEollA] A7} 70], B7F 5o 2 o|xd A
& A F Ak I HlEE SAIA 2ol §LRltHp=0.55).
E72 A5 vlsl B+t 83.82%%
0.0%= FAH SR 23t xfolE BTt
A AR s
A 9436+361H 02 BA
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ki

3
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SHAI Rk 91e7] A bl
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Table 2).
2. 7| 4ot Zqt
HELsH = AT A pe A oA hEE Al
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Table 2. Comparison of Stability ol {131 Hp=0.26; Table 3).
Variable Group | Group I p-value
GNRB® test 3. O|Xp2+EA A7 "It
Preoperative (nm) ~ 5.67+1.64  5.14=1.84 0.41 ojazde] A1 Bl EETOA 116] B 2p(good) R, B
Postoperative (mm) ~ 1.27+0.75  1.09+0.86 0.58 EZOME 126] T 9 116, FZ 1918 2o Bz &
Pivot shift 0.59 Al 2ol ATHP=0.34). o4 THre] AJel= v EEkof| A
Negative 9(81.8) 11(91.7) Q= 40|, F3 70|, S 0|9 3L, BEF A= = 60, FE 6
14 2(18.2) 1(8.3) o, B 0|2 I vlkof BAA Abol= ¢lAtHp=0.52). &4
ot 0 0 ute] A e ] HETO A 4 4ol FT 5o, E oof T
- 0 0 HQ7, BETAME 94 60, U5 49, £ 202 o] ¥l
Values are presented as meanzstandard deviation or number (%). =0l FAX AFol= YA THP=063: Table 4). SPAI R Ze4ro] B/
Group |, remnant sacrificing group; Group Il, remnant preserving group. L7t 9pof = B2 79 §¢hd o 2 ghalluto] 7/
Table 3. Comparison of Functional Outcomes
Variable Preoperative Postoperative
Group | Group I Group Il
IKDC
Objective score
A (normal) 0(0) 0(0) 5 (45.5) 7(58.3)
B (nearly normal) 19.1) 0(0) 6 (54.5) 5(41.7)
C (abnormal) 8 (72.7) 8 (66.7) 0(0) 0(0)
D (severely abnormal) 2 (18.2) 4(26.1) 0(0) 0(0)
p-value 0.26 0.55
One leg hoop test (%) 83.8 89.4
p-value 0.014
p-value
Lysholm score 68.81+7.74 94.36+3.61 0.003
61.16+21.16 96.00+2.98 0.002
p-value 0.45 0.26
Values are presented as number (%) or percent only. Group |, remnant sacrificing group; Group I, remnant preserving group; IKDC, International
Knee Documentation Committee.
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Table 4. Comparison of Graft Tension and Synovial Coverage and
Status of Bundle

Variable Group | Group Il p-value
Graft tension 0.34
Good 11 (100.0) 1191.7)
Fair 0(0) 183
Poor 0(0) 0()
Synovial coverage 0.63
Good 4(36.4) 6 (50.0)
Fair 5 (45.5) 4(33.3)
Poor 2(18.2) 2(16.7)
Status of bundle 0.52
Good 4(36.4) 6 (50.0)
Fair 7 (63.6) 6 (50.0)
Poor 0(0) 0(0)

Values are presented as number (%). Group |, remnant sacrificing
group; Group I, remnant preserving group.
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Figure 4. Comparison of second look arth-
roscopic findings between the remnant
preserving group and the remnant sa-
crificing group. (A, B) Second look ar-
throscopy in the remnant sacrificing
group showed thin, pale and hypovascular
synovial membrane. (C, D) Second look
arthroscopy in the remnant preserving
group showed thick and hypervascular
synovial membrane like normal synovial
membrane of the anterior cruciate liga-
ment.
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Table 5. Comparison of Signal Intensity of Graft by Magnetic
Resonance Imaging

SNQ ratio Group | Group Il p-value
Proximal 474 3.04 0.006
Middle 5.18 3.55 0.009
Distal 4.06 2.70 0.032

Values are presented as mean. SNQ, signal to noise quotient; Group I,
remnant sacrificing group; Group Il, remnant preserving group.

89427 BEFo| SABIATE |47 0] Holop FHHE o
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Table 6. Comparison of Signal Intensity of Graft according to Result of
2nd Look Arthroscopy

. SNQ ratio
Variable : : :
Proximal Middle Distal
Synovial coverage
Good (n=10) 3.16 4.34 3.38
Fair (n=9) 4.2 4.27 3.51
Poor (n=4) 4.8 4.43 2.82
p-value 0.16 0.88 0.78
Status of bundle
Good (n=10) 3.7 4.34 3.38
Fair (n=13) 4.39 4.31 3.3
Poor (n=0) 0 0 0
p-value 0.07 0.93 0.78

Values are presented as mean. SNQ, signal to noise quotient.

Figure 5. Comparison of magnetic reso-
nance imaging (MRI) findings. Sagittal
oblique proton density MRI image showed
low signal intensity in the graft of the
remnant sacrificing group (A) and the
remnant preserving group (B). The signal
intensity in the remnant preserving group
was lower than the signal intensity in the
remnant sacrificing group. The remnant
tissue of the anterior cruciate ligament
was observed in the remnant preserving
group.
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