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MRI Diagnosis of Knee Stability after Anterior Cruciate Ligament Reconstruction
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Abstract: [ Objective] This study aimed to investigate the value of MRI to evaluate knee stability after anterior cruciate ligament
reconstruction. [Methods]  Clinical and MRI study were performed on 158 eligible patients with anterior cruciate ligament
reconstruction, bone tunnel, graft and internal fixation device MR imaging were analyzed and compared with knee stability results by
clinical examination. According to results of clinical examination, 26 cases were diagnosed instability (positive group) and 132 cases
were stability (negative group). The changes of the tibial and femoral tunnel diameter, differences of positive rate in bone tunnel
position, graft and internal fixation between two groups were compared. Kappa test for consistency between clinical examination and
MR performance in bone tunnel position, graft and internal fixation. Sensitivity, specificity, accuracy, positive and negative
predictive values were calculated for MRI diagnosing knee joint instability. [ Results] Inner diameter changes of the tibial and femoral
tunnel in group instability were greater than group stability, the difference was statistically significant (P < 0.01). There was a higher
positive rate in positive group than negative group with MR sign of bone tunnel position, graft performance and internal fixation (P <
0.001), Kappa value was 0.599, 0.744, 0.285, respectively, P < 0.001, statistical differences between the two groups.
[ Conclusions] There was certain value of MRI in assessing knee stability after anterior cruciate ligament reconstruction, which may
provide valuable information for clinical post-operation follow up and second operation.
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Table 1 Clinical examination for knee joint stability

Examination test Positive Negative Total
Lachman test 23 135 158
Anterior drawer test 19 139 158
Pivot—shift test 13 145 158
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29-year—old male patient with ACL reconstruction for 21 months. Coronal PD-FS WI(A,B) show the correct bone tunnel position (white arrow)
of femoral (A) and tibial (B). Coronal PD-FS WI(B) and Sagittal PD-FS WI (C) show the correct fixation position (black arrow) of Endobutton in

femoral and the screw in tibia. The graft was parallel to Blumensaat line(black line) and the signal of graft was similar to the normal ACL(D).
EH1 BREBEYKEETEEEER

Fig.1 Correct bone tunnel position, graft, and fixation position
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Table 2 Comparison of positive rate in MRI sign and changes of bone tunnel diameter between group instability and

group stability

[F+s orn/N(%) ]

MRI sign
Group Changes of tunnel diameter/mm Bone tunnel position Graft Internal fixation
tibial femoral
Instability (N = 26) 2.62 +0.74 1.98 £ 0.96 14/26(53.85) 25/26(96.15) 5/26(19.23)
Stablility (V = 132) 2.11£0.32 1.76 £ 0.54 25/26(96.15) 12/132(9.09) 0
Statistic value t=28.73 t=19.26 x> =43.37 x* = 83.09 X =18.92
P <0.01 <0.01 < 0.001 < 0.001 < 0.001

Data of bone tunnel position ,graft and internal fixation between two groups were compared using Fisher exact test; Independent sample ¢ test for

data of tunnel diameter.

A 29-year—old patient. Traverse TIWI(A) and sagittal PD-FS
WI(B) show the inner hole of femoral (white arrow) was in the front
of correct position (black arrow). Clinical examination of Lachman test
is positive.
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Fig.2 Abnormal position of femoral bone tunnel
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Tibial bone tunnel inner hole was anterior from the correct position in a 26—year—old patient. Transverse A 31-year—old patient. Sagittal

TIWI(A) and sagittal PD-FS WI show the inner hole (black arrows) was anterior. Black arrow (A,B) show the FS—PDWI show a thickened ACL

correct position. The Sagittal PD-FS WI (C) show the graft was extended.

positive.

3 BEEER
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Fig.3 Abnormal position of tibial bone tunnel

Lachman and pivot—shift test were with the signal intensity increased.

E4 BEMELRERINE
Fig.4 ACL graft

impingement
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A 21 -year—old patient. Transverse TIWI (A) show the graft in
femoral tunnel disappear. The Sagittal (B) show the graft prolapsed
from the femoral tunnel.  Clinical examination show the knee was
instability.

B 5 RREwmANEEMREE

Fig.5 Loose fixation of femoral

The femoral tunnel enlarged for the long axis of graft was not

parallel to the bone tunnel in a 35-year—old female patient after ACL

reconstruction for 49 months. Diameter of the tunnel in surgery is 7 mm.

6 RREREY X

Fig.6 Enlarged femoral tunnel
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Table 3 MRI sign evaluate knee stability after ACL reconstruction

Stability evaluation [ % (n/N) ]

MRI sign

sensitivity specificity

Kappa P

accuracy rate PPV NPV

Bone tunnel Position 53.85(14/26)  79.14(129/132) 90.50(143/158)
Graft 96.15(25/26) 90.91(120/132) 91.77(145/158)
86.71(137/158) 100(5/5)

19.23(5/26) 100(132/132)

Internal fixation

82.35(14/17) 91.49(129/141) 0.599 < 0.001
67.52(5/37) 99.17(120/121) 0.744 < 0.001
86.27(132/153) 0.285 < 0.001

PPV: positive predictive value; NPV negative predictive value



262 IR A (A B4R

36 4

RS AT A o A AT AR A OC I = X A 15
SISER AT RE A AR 22 R B B A A R
[ 7B MR KA B RS AE A5 5 v AR 28 1 81K
AKX,
32 BRENEHNESBREYNEERE
HREEY RIEARZ, ARG FL AR X 41
ZU P VTR B BR8N i SR8 3l AT W s e
RSt SO B B T B R K (El6)
HEZRkAETFARE 3 4 MHZHY MG RFFRE,
BAEY) 5 E BG5S SR IR
FE AR it T2 2 TR OGN . A IR A S B
VIFRIR T 18 A, bRl AR R/ NEAS TR E
BIR A ARNEgg U, T HERR AR NUEHEF
o7 7 | B ) B VS A s MR A T T £ B B T (EL 55 AR v
B FL AR 10 25 (E AR R A5 WIF S8 0T G2 1 B 108 N A2 118
g G5R BORRE H S AR HAER Sk bk
ENRE R BRI E L, AMRAKR
TREH, KU ATRATRE S a R E S KM
K o Klein 5SS F B BR85S Ak BT 3 i 1) 1
W21 KAEFEE S Lysholm PE4rAHIE . SK1Mi Jansson
LA R B R TE 3 KRR XS ARG P53 S B0 B
FEAR T B RRIEY K S 5 I R A
KRR, X Al g S pr AR ik
ARG KRS PG PR AE A R A 56
Endobutton i3 T4 A FEFFEY, staple 55 B8 BE
TE P [ 5 B A RS AR A % T PN 53 T T 1 A0 A
sl B B RO 200 5 T RE R, N
[ o MR BT A R Ay, TR BB BTN A BRI Y
KO E B B 2 IR Bl 38 0T 2R 2 i [
FE IR ET BT R ] 2 5 Sy B R RGO [ T
A AYAS [ IR AT 38 AR A By R s, AR Ay
6 191t By R G R s/ NG I e 5 9 B TR
BEIEDY I, 1 91 IR AE AT WS R AT 58 AR i
SREE RGN, BB FOR uk /N b o o B
Bl %) J 1, T I T R DUl AR AR S
R, A 2 Bl a R EIRET R AN E 3 )
JRe B v A PPN 51 2 1 MR R30S il 0 J
KA TN 100%, B ient,
[ 2 % B MR SRIEFER ; FHHESE 100%,
R P &R Al S RECT AR, R
B e MR 2 305 I R A 45 00— Bk 3 8%
X, XAl R S FEUR AR R RBZ , [HEY
fLE S8 R A R EARA G, BT e Y 5

IS ATRAL G A = U S AR A
R —RIT

ASBIESE LA R4 RS, A5 0 A i O A 1
FISWIARHEAFLE— 5 1Y EULPE SO SE 38 I R
I T ARG P 28 96 K S AR PPAG 18 S WL R 7T B2 i
KA EE IR T3oh AR GO Ik [] 5 B B B
(] L A e 5 i S ) A i R h AR 1R 5 4
AR 22 5 I R REXS 45 R ORI

ZE LR I RETE N DAL E AR AR RS
TS5 5 B N [ 5 256 B 032 W i 58 XA
ARG O RRE M B AT — 7 A9, MRI A]
ST REOC AR B FARF G R, " il
IRBEV S IR F ARG A

5% 3Lk

(1] #EE55, o 53, REIK, 5F. B3 SR B R )
JERAHLT]. AR, 2007, 45(2) : 86-89.
Ao YF, Ma Y, Cui GQ, et al. Factors leading to failure
of anterior cruciate ligament reconstruction [J]. Chin J
Surg, 2007, 45(2) . 86-89.

[2] Streich NA, Friedrich K, Gotterbarm T, et al.
Reconstruction of the ACL with a semitendinosus tendon
graft: a prospective randomized single blinded
comparison of double —bundle versus single —bundle
technique in male athletes [J]. Knee Surg Sports
Traumatol Arthrosc, 2008, 16(3). 232-238.

[3] McCauley TR.
postoperative knee[J]. Radiology, 2005, 234(1). 53—
61.

[4] Rak KM, Gillogly SD, Schaefer RA, et al. Anterior

MR imaging evaluation of the

cruciate ligament reconstruction:  evaluation with MR
imaging[J ]. Radiology, 1991, 178(2): 553-556.

[5] =63y, #& B, W irde, . =4 CT X iy 28 L)
A FIBCR T[], AR ER
2008, 24(4): 605-607.

Guo WL, Hou Y, Pan SN, et al. Early assessment of
anterior cruciate ligament reconstruction by 3D-CT [J].
Chin J Med Imaging Technol, 2008, 24(4): 605-607.

(6] BB, BAF, & %5, 45 AR50 MU ROG Ty g 3R
TERE AT E A P A BT [0 ]t R i . BEo
B2, 2007, 28(5): 550-552.

Zeng XW, Liang ZP, Bu J, et al. Application of low
field joint MRI in bone contusion of knee [J]. J SUN
Yat—sen Univ: Med Sci, 2007, 28(5): 550-552.

(7] WIS, B6-F, BRmgmE, 5. & PO ROC T mE ik

TES T B WA g S P R[], R iR



24 ES

2. MRIFH S SR AR 5 G R 2 1k

263

(8]

9]

[10]

[11]

[12]

[13]

[14]

e, BE2ERIERR, 2009, 30(4): 413-417.

Zeng XW, Liang ZP, Chen HH, et al. Research of low
field intensity joint MR scan in rabbit knee articular
cartilage defect repair[J]. J SUN Yat-sen Univ: Med
Sci, 2009, 30(4): 413-417.

PLJRNG , RS, Mz, . BRI E RS -
i T WG AR E PPN BRI [T ], il R
e E2EREERT, 2014, 35(5): 768-774.

Tan YM, Zeng XW, Zhong MZ, et al. Magnetic
Resonance lmaging to quantify evaluation the bone —
tendon healing after patellar ligament reconstruction in
rabbits[J]. J SUN Yat-sen Univ: Med Sci, 2014, 35
(5): 768-774.

Naraghi AM, Gupta S, Jacks LM,

cruciate ligament reconstruction ;

et al. Anterior
MR imaging signs of
anterior knee laxity in the presence of an intact graft[J].
Radiology, 2012, 263(3) . 802-810.

Araujo P, Van EC, Torabi M, et al. How to optimize the
use of MRI in anatomic ACL reconstruction [J]. Knee
Surg Sports Traumatol Arthrosc, 2013, 21(7). 1495-
1501.

Chang MJ, Chang CB, Choi JY, et al. Can magnetic
resonance imaging findings predict the degree of knee
joint laxity in patients undergoing anterior cruciate
ligament reconstruction? [ J ]. BMC Musculoskelet Disord,
2014, 15(3). 214-225.

Pinczewski LA, Salmon LJ, Jackson WF,

Radiological landmarks for placement of the tunnels in

et al.

single —bundle reconstruction of the anterior cruciate
ligament[ ] ]. J Bone Joint Surg Br, 2008, 90(2): 715-
724.

Bencardino JT, Beltran J, Feldman MI, et al. MR
imaging of complications of anterior curciate ligament
graft reconstruction [ J]. Radiographics, 2009, 29 (7).
2115-2126.

Howell SM, Hull ML. Checkpoints for judging tunnel

and anterior cruciate ligament graft placement [J]. J

[15]

[16]

[17]

(18]

[19]

(20]

Knee Surg, 2009, 22(2). 161-170.

PR, BT, WA, A E T A B
B A K MR (5 5 B 02B 05 ). AR 2T
5 AR, 2010, 19(3): 155-157.

Liang ZP, Yu SP, Zeng XW, et al. Evaluation of the
growth of reconstruction anterior cruciate ligament graft:
preliminary study with low—field MRI[J]. J Diagn Imag
Intervent Radiol, 2010, 19(3): 155-157.

Ejerhed L,

prospective randomized study comparing biodegradable

Stener S, Sernert N, etal. A long—term

and metal interference screws in anterior cruciate
ligament reconstruction surgery ; radiographic results and
clinical outcome[J]. Am J sports Med, 2010, 38(8):
1598-1605.

Webster KE, Feller JA, Hameister KA. Bone tunnel

enlargement  following  anterior cruciate ligament

reconstruction; a randomised comparison of hamstring
and patellar tendon grafts with 2 —year follow—up [J].
Knee Surg Sports Traumatol Arthrosc, 2001, 9(2). 86—
91.

Klein JP, Lintner DM, Downs D, et al. The incidence
and

significance of femoral tunnel widening after

quadrupled  hamstring anterior cruciate  ligament
reconstruction using femoral cross pin fixation [J].

Arthroscopy, 2003, 19(5): 470-476.

Jansson KA, Harilainen A, Sandelin J, etal. Bone
tunnel enlargement after anterior cruciate ligament
reconstruction ~ with  the hamstring autograft and
endobutton fixation technique. A clinical, radiographic
and magnetic resonance imaging study with 2 years
follow—up [J].
1999, 7(5): 290-295.

Hoher J, Moller HD, Fu FH. Bone tunnel enlargement

Knee Surg Sports Traumatol Arthrosc,

after anterior cruciate ligament reconstruction: fact or
fiction? [J].

1998, 6(4): 231-240.

Knee Surg Sports Traumatol Arthrosc,

(%% X EH)



