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Summary. A prospective study was carried out in or- Lysholm, OAK et IKDC. Les imageries IRM (SP 63,
der to evaluate the predictive value of MRI in the ear-1.5 Tesla) ont été évaluées et mettant en évidence la
ly postoperative course after cruciate ligament re-qualité et l'intensité du signal du ligament recons-
placement. Twenty patients who had undergone anteitué. Pendant la premiére année post-opératoire, on
rior cruciate ligament reconstruction using autolo- a noté a I'lRM une augmentation significative de I'in-
gous patellar tendon/bone grafts were examined clintensité du signal et de la non-homogénéité du nou-
ically and with contrast enhanced MRI at 2, 12 andveau ligament chez 17 patients, avec une valeur mo-
24 weeks, and 1 and 2 years after operation. Thegenne du signal/écho allant de 1.1, 2 semaines po-
clinical findings were evaluated according to the stopératoire, jusqu’ a 7.1, un an post-opératoire.
scores established by Lysholm, OAK and IKDC. TheChez 14 patients dans la premiére année post-
MRI scans (SP 63, 1.5 Tesla) were assessed in ternmpératoire, le ligament reconstitué a pu étre visualisé
of the quality and signal intensity of the reconstructeda I'lRM, bien qu’aucun de ces patients n'ai eu un ex-
ligaments. During the first postoperative year thereamen clinique suspect, quand a l'instabilité. A 'IRM
was a significant increase of signal intensity and inpost-opératoire de la deuxiéme année, I'intenstié du
homogeneity of the neoligament on in the MRI. Sevsignal du nouveau ligament a a nouveau diminué, se-
enteen patients had an average value for signal/noiséon une constatation réguliére.
of 1.1 at two weeks after surgery, which had in-
creased to 7.1 at 1 year. In 14 patients the recon-
structed ligament could not be evaluated in MRI
scans after 1 year but clinical instability was not sus-Introduction
pected in any of these patients. Two years after oper-
ation the MRI signal intensity of the neoligament wasln patients with reconstructed cruciate ligaments only
again decreasing. clinical examination and mechanical techniques such
as KT 1000 arthrometer testing are of use in confirm-
Résumé.Une étude prospective a été faite, afin d’es-ing the stability of the necligament. Moreover, in per-
timer la valeur de pronostic de I'IRM dans la phase sons with recent trauma, it can be very difficult to
postopératoire précoce du remplacement des ligareach conclusions concerning the integrity of the neo-
ments croisés. 20 patients, avec des ligaments croiséigament.
antérieurs remplacés (transplantation autologue du Magnetic resonance imaging (MRI) offers very
tendon rotulien) ont été examinés cliniquement et &good imaging quality for knee ligaments with a speci-
l'aide d'IRM de contraste, la 2e, 12e, 24e semaineficity of about 80% and a sensitivity up to 99% for
post-opératoire et, 1 et 2 ans post-opératoires. Leghe diagnosis of a ruptured cruciate ligament [1, 4].
examens cliniques ont été évalués selon le score ddome authors have reported good visibility of the
neoligament on MRI and have recommended it for
Reprint requests to:U. Stockle, Unfall- und Wiederher- fOHOW'Up e.xar.n.matlon [2’ S, 6.' 17, 21] Ot.hers have
stellungschirurgie, Virchow Klinikum, Augustenburger Platz 1, Observed significant changes in the signal intensity of
D-13353 Berlin, Germany, Tel.. +49-30-4505-2012; fax: the reconstructed ligament following operation and
+49-30-4505-2905, e-mail: ustock@ukn.de have concluded that the neoligament cannot be evalu-
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ated with MRI [12, 18, 20, 22]. Most of the studies Results

were retrospectve and meged the esults of seeral
MRI examindions undetaken d different intewals
following sugery. The indicdion for MRI in most of
the pdients has been acuteatrma, pesistent symp
toms or insthility. In the majoity of reported studies
the results vere not corelaed with the tinical out
come

The aim of this prspectve stug was to stug the
nomal gpeaance of a econstucted cucide liga
ment on MRI duing the frst two postopeative yeas.
The focus vas on the time-gendant signal bekia
iour of the neoligment, in oder to detenine if thee

were ary changes in signal intensity as potential se

quelae of evasculaisation.

Materials and methods

The stug was designed pspectvely and consentdlr patici-
pdion was obtained dm 20 paients, in vhom econstuction
of the anteor cruciae ligament had been a#&d out ly free
paellar tendon bone (PTB)aft. The mean ge of the 12 male
and 8 Emale p&ents was 30 pass (17-59 gas). These indi
viduals were examined d@inically and with MRl 42, 12 and 24
weeks and thental and 2 yas after opeation. The poce
dures were perbrmed athroscopicaly in eight paéients and
with a minimal athrotormy in 12. The PTB loock was fxed
with titanium intererence saews. In this vay, the MRI exam
inations could be caied out with a minimised li&glihood of
artefacts.

Using a standalr rehailitation programme mobilisdion
was stated on the second post-opive da. Partial weight-
beaing and a limited ange of motion of 0/90 dr extension
and fexion in a knee lace (Goldpoirft, Don-by Inc.) was
employed Full weight-beaing and a full ange of maoement
of the knee joint wre pemitted 4—6 veeks post-opetively.

The xaminaions were caried out using a highesolution
MRI with a special knee coil. In accaance with a standair
sed potocol, the knee as positioned in 20 deees of fexion
during the irvestigation. Naive T-1 and T2 weighted spin
edho sequences e obtained in ittal, paasaittal and ce
ronal pojections. he paasajittal slices vere adjusted to the
course of the neoligment. After intavenous injection of Ga
dolinium-DTRA as contast medium (0.1 mmol/kg bgd
weight) d/namic gadient ebo (GE) turbo lash sequences; T
1 weighed spin géw (SE) and AT-SAT sequences &re ob
tained The signal intensity of the neolignent vas measwd
in the ROI (region of intelest) in the a¥as of poximal and dis
tal insetion, as vell as in the midle one thid, and compard
with the \alues of theemaining pgellar tendon. Br signal in
tensity the signal/noisealue was calculged:

signal(reconstructetigamen) - signal(patellartendor)

C/N= signal(backgroundl

The MRI scans wre evaluged by an epett radiologist with-
out knavledge of the dnical results.

The dinical follow-up eamindions were perbrmed ae
cording to a standaised potocol, which facilitated calcula
tion of the most common knee seeras defied by Lysholm
[16], OAK [19] and IKDC [9]. Subjectie symptoms wre re-
corded and measements of cicumference andange of me
tion obtained Clinical and meleanical sthility tests were per
formed (Latiman, pvot-shift, KT 1000). he results of the
clinical examindions were then compad with the MRI ind-
ings.

Seventy-nine MRI gamindions were perbrmed in
the stug. The arerage deviation from the dées of the
postopeative MRI investigations were 3 dgs for the
2 weeks stug, 17 dgs for the 3 months, 42 ga for
the 6 months and 49 ga for the 1 yar The 2 year
follow-ups were perbrmed in an interal of £56
days. On aerage, 4 MRI examindions were under
taken in eah paient.

Two weeks after opetion the econstucted lige-

ment was visualised in 18 out of 20 instances as a

broad band with a l@ signal intensity along its full
course In the F1 sequences the signal/noistia as
a wvalue br signal intensity ws 1.1; after inavenous
injection of Gd 1.5. in the T2 sequences, theerage
C/N value was 0.1.

In two pdients without ap clinical abnomalities
the neoligament could not be visuaéd in ay MRI
sequence

By three months the complete cearof the econ
structed ligament could be visualised with MRI in 11
of 16 paients and the ligment vas eted as being in
tact. The C/N alue in the midle aea of the neolig:
ment vas 4.4 in the -IL sequences bafe and 4.6 af
ter injection of g@dolinium. In 3 péents it was difi-
cult to evaluae the neoligment ly MRI due to the
increased signal intensityn 2 pdients without @ni-
cal @nomality the neoligment could not be visual
ised in ay MRI sequence

At six months 11 pi#ents considexd tha their op
erated knee \as nedy nomal. One p#ent epeli-
enced a deeiased ang of motion and intenittent
pain. Examinton by the Ladiman test, dwer test
and pvot-shift sheved no gidence of insthility in
ary pdient. In KT 1000 ahrometer testing the af
fected side w&s belav 4 mm in @ery subject.

In 10 pdients with inceasing signal intensity and
inhomaeneity accuete assessment of thescon
structed ligament vas ony possilke in the post-con

T
ET1 postcontr.
T2

2 wks

3 mo 6mo  1year 2 years

Fig. 1. Average C/N \alue of the neoligment &the diferent
times in the arious MRI sequences

signal(reconstructetigamen) - signal(patellatendon

C/N= signal(backgroundl

T1, T1 sequencell postcontr T1 sequence after adminigtr
tion of Gadolinium as cordst medial2, T2 sequence2 wks
2 weeks postopetively; 3 mg 3 months postopatively
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Fig. 2. Two weeks after opeation (paient 16, F1 sequence):
the leconstucted cuciae ligament is seen in contiity with a
low signal intensity compable to the nomal ligamen:

Fig. 3. Twelve weeks after opetion (paient 16, F1) the nee
ligament shars increased signal intensitEvaludion is possi
ble along its complete cose

Fig. 4. Six months after opation (paient 4, F1): In the né&u-
ral MRI sequence the signal intensity of the nemfignt is
markedly increased Assessment is not poska

trast imges. The average C/N \alue vas 4.9 in the T
1 and 5.5 in the -R sequences. In 2 fiants the neo
ligament could not be demorated by MRI.

One \ear after opetion thee was no tinical sus
picion of instdility in any of the 17 p#ents. The
side diference in KT 1000 d&nrometer testing as
again belav 4 mm in all péients. There was no &-
tension detit and the gerage flexion defcit was 5°.
According to the @K score, thee were 13 &cellent
and 4 g@od esults. he IKDC scoes were slightly
worse with 5 B, 11 C and 1 Desults.

With significant incease of signal intensity inIr
sequences and consegatinhoma@eneity evalugion

Fig. 5. Six months after opetion (pdient 4, F1): After ad
ministration of Gadolinium DTR the reconstucted ligament
is visualizd as a lwad stucture. The potential ér assessment
is limited

Fig. 6. One year after opetion (pdient 16, F1): The contin-
ity of the neoligment cannot be jued

Fig. 7. Two yeass after opeation (pdient 16, F1): The recon
structed ligament is visualied as a wad band with a similar
low signal intensity as in thérét examinaion. The contimity
can @ain be assessed

of the neoligment gen after Gd injection was not
possilbe in 14 out of 17 p#ents. The average C/N
value was 7.1 (post-corasst 8.6). In T2 weighted se
guences a contirous enhancement could be olveer
up to a C/N alue of 8.7.

By two yeass thee was a tear decease of signal
intensity in MRI in 11 of 14 pgéents as compad to
the 1 year bllow-up. This resulted in an\gerage C/N
value of 2.7 (post-corast 4.2) in T1L and 1.0 in 2
weighted sequences. In 10tieats the neoligment
was \ery ohvious and its contimity could be ealua-
ed In two pdients the quality of visuali@an was
impaired and in another wvthe ligament could not
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Table 1. Patient dda Discussion

Average e (yeas) 29.9 Information ébout the timing of emodelling and &

Sex (m/f) 12/8 vasculaisaion of autolgous tendon #&nsplants is

Sumical pocedue 12 Mini arthroto currently a/allable only from_anlmal studies [3, 8].
geatp 8 Arthroscopicrw The aim of our prspectve stug was to demon

strate the nomal post-opeative couse of the neolig

Graft 20 Autologuous lig paellae ment ty means of MRI. W wanted to assesshather
the ppeaance of theaconstucted cuciae ligament
differs from tha of the orginal cruciae ligament in

Table 2. Clinical scoe results 1 and 2gars postopeatively MRI, and if it is possile to anayse the intgrity of
the neoliggment.

Scoe 1 year postop. 2 year postop. For paients with a uptured cuciae ligament, the
standad mana@ement is econstuction with a fee

Lysholm 1; ;8990 13 ;8990 autolayous péellar tendon aft [10, 11, 15]. Oper

2 70-79 1 70-79 tion is perbrmed either ahroscopicaly or with an
additional small athrotormy after diagnostic athros

OAK 12 E’é%‘i}'em 12 Eﬁ%ﬂ'em copy. These diferent sugical teciniques do not irdi-
ence the healing of theammsplant or thelimical out

IKDC 5 B 1 A come and the functionagsults ae similar [15].

1% (D: g 2 ~ During the frst year after opetion thee was a
significant dange in signal intensity of the neoég

0 KT 1000 2.35 23 ment in 17 ptents (Fg 1). The reconstuction could

(mm) be seen as a contious stucture of lowv signal inten

_ ; ; ; . : sity in all sequences after 22@ks. he signal intensi
rﬂaﬂaﬂ%‘;‘ii‘%@e side diference In KT 1000 testing with ty was ony slightly higher than thiaof the paellar

tendon, vhich sexed as aeference By three months

thinning of the econstucted ligament vas eident
be assesedlthough tnically there was no suspicion with increased signal intensitffhe contiwity of the
of instability. There was a slight impvement of the ligament could be assessed in théursd, and gen
clinical scoes, with 1 A, 6 B and 7 Gesults, accar better in the contast enhanced sequences. At
ing to the IKDC. months in seeral instances the neolgnent could not

Table 3. C/N values (F1) in the

middle third of the neoligment and Et. 2 weeks 3 months 6 months 1 year 2 yeas
. . . r.
Erniecluallty of galuation a different CN O CN O CN O CN O CN 0
1 1.1 + 3.2 + 4.0 0 3.0 +
2 09 + 38 + 48 0 78 -
3 08 + 49 + 76 - 20 +
4 15 + 48 + 53 0 63 O 20 +
5 13 - 6.2 - 74 - 75 - 50 -
6 10 + 46 + 8 25 0
7 10 + 31+ 39 + 78 -
8 12+ 73 - 22 +
9 1.4 + 4.8 + 7.8 -
10 0.7 + 39 + 41 + 65 O 20 +
11 1.0 + 1.3 + 29 + 22 + 11+
12 1.1+ 48 + 50 O
13 1.1+ 52 0 55 0 73 - 19 +
14 1.4 + 53 0 78 - 1.8 +
15 09 + 56 O 20 +
16 1.1+ 38 + 69 - 24  +
17 12 - 48 - 50 - 74 - 50 -
18 12+ 7.4 - 51 0
19 08 + 54 0 72 -
20 11+ 51 0 7.1 -

_ Signal(reconstructetigamen) — Signal(patellatendor)

C/N Signal(backgroundl

in nativeT —1sequence

Q=quality of ealuaion of the neoligment: “+"=neoli@ment vell visualised and can be
assessed thughout its length; “0"=educed bt of suficient quality br visualiséion and
evaludion; “~"=insufficient quality of visualisgon for evaluaion
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be ealuaed in the naral sequences due to fher
increase of signal intensity and inhogemeity Even
after injection of Gadolinium thesconstucted ligg-
ment could not be seen in 2 of 1Zipats ut dini-
cally thee was no gidence of insthility. One year
after opeation, in most of the p#ents the signal in
tensity of the neoligment vas so high thadifferenti
ation between synwium and ligament vas not possi
ble. The gpeaance of theagconstuction was compa
rable to thd of a wptured cuciae ligament, thusais
ing the possibility of adlse dignosis. he contols,
2 yeas post-opatively, again shaved signifcant re-
duction of signal intensifywith consequent impwve-
ment of potentialdr evaluaion (Hg. 2-7).

The paients induded in this stug all had an un
eventful postopeative couse and ther was no suspi
cion of instdility or of extension ddtit due to notb
impingement. Vsualisdion of the neoligment ly
MRI reflects the nanal post-opeative couse Dur-
ing the frst year thee is signifcant incease of signal
intensity with a peaktahe end of this péerd. Evalu-
ation of the econstucted ligament is dificult after 6
months. Havever, even without a paallel histolagical
study it can be corladed tha the danges in signal
intensity eflect the diferent stges of evasculaisat-
ion of the neoligment [3, 8]. After bout 18 months,
when evasculaisation is complete the neoligment
again gves a lov signal intensity with impmved po
tential for assessment.
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