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Objective: To describe the magnetic resonance (MR) appearance of intact
posterior cruciate ligament (PCL) grafts.

Materials and Methods: Thirty-one postoperative MR examinations were per-
formed in 21 grafts of 20 patients after PCL reconstruction. All 21 grafts were
proven to be intact on second-look arthroscopic examination. Two musculoskele-
tal radiologists retrospectively analyzed the MR findings and reached decisions
by consensus. The signal intensity (SI) of the graft on proton density-weighted
and T2-weighted images, as well as the shapes, locations, and segments of
increased S| were recorded. The graft thickness was also recorded and correlat-
ed to elapsed time since reconstructive surgery.

Results: The Sl of the graft was high (15/31, 48%), intermediate (10/31, 32%),
or low (6/31, 19%) on proton density-weighted images, and high (9/31, 29%),
intermediate (6/31, 19%), or low (16/31, 52%) on T2-weighted images. The graft
Sl decreased significantly as postoperative time elapsed. The shape of the
increased Sl within the grafts was band-like (14/25, 56%) or focal (11/25, 44%).
The increased S| was located in the proximal (18/25, 72%), middle (21/25, 82%),
and distal (12/25, 48%) segments. In the axial plane, the location of increased Sl
was intrasubstance (19/25, 76%) or peripheral (10/25, 40%). A ‘focal’ shape of
increased S| was found significantly more in Achilles tendon allografts, while a
band-like shape was more frequent in autogenous double-loop hamstring tendon
grafts. Graft thickness ranged from 5—15 mm. The difference in graft thickness
relative to postoperative time was not statistically significant (p = 0.79).

Conclusion: Stable PCL grafts commonly showed an increased Sl at any seg-
ment or location, even though they were stable. The shape of increased Sl dif-
fered according to allograft donor sites. However, Sl tended to decrease as time
elapsed.

Ithough posterior cruciate ligament (PCL) injuries are much less common

than anterior cruciate ligament (ACL) injuries, loss of the PCL has a

significant impact on knee joint mechanics, including posterior subluxa-
tion of the tibia on the femur (1, 2). However, surgical indications for PCL reconstruc-
tion remain controversial. Most patients with grade I and II PCL laxity do well with
conservative treatment (3). In contrast, patients with grade III PCL laxity, persistent
symptoms, chronic instability and osteoarthritis have led physicians to increasingly
consider surgical reconstruction (3 —6). Surgical treatment is advocated for patients
with bone avulsion fractures, acutely symptomatic knees with substantial PCL laxity
(grade III), combined ligament injuries, or chronic symptomatic PCL laxity (2, 7—-10).

Until recently, the results of PCL reconstruction have been less satisfactory than
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those for ACL (2). The reasons for PCL graft failure are
multifactorial, including surgical technique, graft selection,
graft fixation, and postoperative management (11). MR
imaging is a widely used noninvasive means of evaluating
the status of ACL grafts. However, as fewer PCL
reconstructions have been performed in the past, few
studies have described the MR appearance of the postoper-
ative PCL (12 —15). Thus, the purpose of this study was to
describe the MR appearance of intact PCL grafts.

MATERIALS AND METHODS

Patients

From March 1997 to December 2003, a total of 58 PCL
arthroscopic reconstructions were performed in 57 patients
by a single experienced orthopedic surgeon. Among these
58 PCL grafts, postoperative MR examinations were
performed for 50 patients with 51 grafts as part of the
postoperative follow-up protocol, and 20 patients with 21
grafts underwent both postoperative MR examination and
second-look arthroscopic examination; these 20 patients
comprised the study population. Second-look arthroscopy
was performed when the patient either had knee pain
related to the hardware or wanted the hardware removed.
Thus, 16 men and four women (age range, 14 —61; mean
age, 31 years) were enrolled in our MR analysis. The chief
complaints prior to surgery were chronic posterior instabil-
ity (n = 16), pain and limping (n = 2), and posterolateral
instability (n = 3). The investigational review board at our
hospital approved this study protocol. Informed consent
was waived because of the retrospective nature of this
study, which included evaluation of MR images and
medical records. All arthroscopic PCL reconstruction
surgeries were performed through a posterior trans-septal
portal using a transtibial technique. The graft materials
included twelve Achilles tendon allografts and nine autoge-
nous double-loop hamstring tendons. The graft material
was selected according to the patient’s choice after
appropriate counseling. Neither the remnant bundle of the
PCL nor the meniscofemoral ligaments were debrided
during reconstruction. The same surgeon performed the
second-look arthroscopic examinations in all 20 patients in
order to evaluate graft status and to remove the fixation
screw. The interval between PCL reconstruction surgery
and second-look arthroscopic examination in these patients
ranged from 119 days to 1,598 days (mean, 520 days). All
grafts had intact continuity, good tension, and abundant
synovialization and vascularization on second-look arthro-
scopic examinations.

MR Examination and Image Analysis

Thirty-one sets of postoperative MR examinations were
obtained from 21 grafts (2 sets of postoperative MR
examinations for 8 grafts, 3 sets of postoperative MR
examinations for 1 graft). The interval between PCL
reconstruction and postoperative MR examination in these
patients ranged from 114 days to 1,129 days (mean, 475
days). All patients were examined with a 1.5-T MR
imaging system (Signa; GE, Milwaukee, WI) and knee coil
(Quadrature coil; GE, Milwaukee, WI). The MR imaging
protocols included proton density-weighted fast spin-echo
images (TR/TE 2000/20 msec) and fast spin-echo T2-
weighted images (TR/TE 2000/80 msec) in the coronal and
sagittal planes as double-echo sequences with the following
parameters: field of view, 14 cm; excitation number, 4;
echo train length, 4; matrix number, 256 x192; slice
thickness, 3 mm; and intersection gap, 1 mm.

Two musculoskeletal radiologists, with three and 10
years of experience, respectively, in the interpretation of
knee MR images, independently and retrospectively
analyzed the MR images; final decisions on the findings
were reached by consensus. The signal intensity (SI) of the
intra-articular portion of the grafts and graft thickness were
evaluated. The graft SI was evaluated in both coronal and
sagittal images. The graft SI was recorded separately on
proton density-weighted images and T2-weighted images
and classified into grades of low, intermediate, or high
compared to the SI of muscles. If there was a region of
intermediate or high SI in the intra-articular portion of the
graft, its segment (proximal, mid, or distal), location
(intrasubstance or periphery), and shape (band-like or
focal) were recorded. The thickness of each graft was
measured at the mid-point of the intra-articular graft in the
sagittal plane and defined as the mean of three measure-
ments.

Statistical Analysis

Statistical analyses were performed using commercially
available software (SAS 8.2; SAS Institute, Cary, NC). The
following differences were tested: graft thickness relative
to time since reconstruction; the frequency of intermediate
or high SI between proton density-weighted and T2-
weighted images; the shape of intermediate or high SI
according to the type of graft and the time since
reconstruction; the frequency of intermediate or high SI
according to segment and location; and the frequency of
intermediate or high SI by segment or location according
to time since reconstruction using a mixed model.
Differences of the graft SI relative to time since reconstruc-
tion were tested using the GEE (Generalized Estimating
Equation). Statistical significance was assigned at a p-value
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<0.05.

RESULTS

Patient data and results are summarized in Table 1.
Fifteen (48%), ten (32%), and six (19%) grafts exhibited
high, intermediate, and low SI on proton density-weighted
images, respectively, compared with nine (29%), six
(19%), and sixteen (52 %) on T2-weighted images, respec-
tively. The graft SI decreased significantly as time follow-
ing reconstruction increased (p < 0.0001 for proton
density-weighted images, p = 0.0004 for T2-weighted
images) (Fig. 1). Intermediate or high SI within grafts was
either band-like (14/25, 56 %) (Fig. 2) or focal (11/25,
44%) (Fig. 3). The band-like shape was seen in five MR

Table 1. Summary of MR Findings in Stable PCL Grafts

examinations of three Achilles tendon allografts and nine
MR examinations of five autogenous double-loop
hamstring tendon grafts. Focal increased graft SI was seen
in nine MR examinations of eight Achilles tendon allografts
and two MR examinations of two autogenous double-loop
hamstring tendons. The shape of intermediate or high SI
within grafts differed significantly according to the type of
graft (p = 0.04), but was not different according to the time
since reconstruction (p = 0.28). The involved segment with
intermediate or high SI was proximal in 18 of 25 (72%, 11
MR examinations of 10 Achilles tendon allografts and 7
MR examinations of 5 autogenous double-loop hamstring
tendon grafts), middle in 21 of 25 (72%, 11 MR examina-
tions of 7 Achilles tendon allografts and 10 MR examina-
tions of 6 autogenous double-loop hamstring tendon

No. Sex/Age Graft Interval (days) t (mm) Sl Intermediate or High SlI
PD T2 Shape Segment Location
1 M/33 H 114 7 H H B PMD |
241 8 H | B PMD |
805 6 | L B PMD |
2 M/26 H 197 10 H H F P Ph
3 M/23 A 1,129 11 L L
4 M/44 H 264 10 | H B PMD |
796 6 | | B MD |
5 M/61 H 505 7 | | B PMD |
6 M/35 H 265 15 H L B M |
407 12 H | B M |
7 M/21 H 232 10 H L B PM Ph
472 9 L L
8 M/36 H 514 9 L L
9 F/21 H 395 7 | L F M I/Ph
1,066 7 L L
10 M/36 A 146 6 H | B PMD |
652 8 | L B MD |
11 F/14 A 197 5 H H B PM Ph
588 9 H H B PM Ph
12 Fr27 A 262 7 | L F PMD |
540 6 | | F M |
13 M/36 A 118 8 H H B PMD I/Ph
773 11 H H F PM I/Ph
14 M/21 A 568 9 H L F P |
15 M/27 H 488 8 L L
16 (L) F/31 A 282 7 H H F P Ph
16 (R) A 571 5 L L
17 M/20 A 547 9 H L F M I/Ph
18 M/24 A 589 8 | L F PMD |
19 M/34 A 555 10 H H F PMD Ph
20 M/45 A 441 7 | L F P |

Note.—Graft (H = autogenous double-loop hamstring tendon, A = Achilles tendon allograft), Interval (time interval between surgery and MR
examination), t (thickness), Signal intensity (SI, H = high SI, | = intermediate SI, L = low SlI), Shape (B = band-like, F = focal), Segment (P = proximal, M =

middle, D = distal), Location (I = intrasubstance, Ph = periphery)

Korean J Radiol 8(5), October 2007

405



Yoon et al.

grafts), and distal in 12 of 25 (46 %, 6 MR examinations of
5 Achilles tendon allografts and 6 MR examinations of 3
autogenous double-loop hamstring tendon grafts). The
incidence of intermediate or high SI was significantly
different (p = 0.04) according to the involved segment. The
differences in incidence of the involved intermediate or
high SI segment according to both graft type and time after
reconstruction were not significant (p = 0.54, p = 0.18). On
the axial plane, the intermediate or high SI location was
intrasubstance (19/25, 76 %, 10 MR examinations of 7
Achilles tendon allografts and 9 MR examinations of 5
autogenous double-loop hamstring tendon grafts) and
peripheral (10/25, 40%, 7 MR examinations of 5 Achilles
tendon allografts and 3 MR examinations of 3 autogenous
double-loop hamstring tendon grafts). The incidence of the
involved location of intermediate or high SI was signifi-

cantly different (p = 0.0007) The differences in incidence
of the involved location of intermediate or high SI accord-
ing to both graft type and time after reconstruction were
not significant (p = 0.50, p = 0.72). The graft thickness
ranged from 5-mm to 15-mm (mean, 8.3-mm). The differ-
ences in graft thickness relative to time following
reconstruction were not statistically significant (p = 0.79)
(Figs. 2, 3).

DISCUSSION

An intact PCL graft is presumed to have MR findings
analogous to intact ACL grafts (12). Many researchers
have stated that increased SI in such grafts might be related
to impingement, but it could also be seen in unimpinged,
clinically stable grafts (16 —21). Autografts or allografts go

Cc

Fig. 1. Proton density-weighted sagittal (A, C) (TR/TE, 2000/20 msec; echo train length, 4) and T2-weighted sagittal (B, D) (TR/TE,
2000/80 msec; echo train length, 4) images of a 21-year-old man who received posterior cruciate ligament reconstruction using autoge-
nous double-loop hamstring tendon (patient #7). Proton density-weighted image obtained 232 days after posterior cruciate ligament
reconstruction shows high band-like peripheral signal intensity (arrowheads) in the proximal and middle segments (A). The high signal
intensity has disappeared, and the graft shows homogeneous low signal intensity on proton density-weighted image obtained 472 days
after posterior cruciat ligament reconstruction (C). The graft shows homogenous low signal intensity on T2-weighted images (B, D).
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Fig. 2. Proton density-weighted sagittal (A, C) and coronal (B, D) images (TR/TE, 2000/20 msec; echo train length, 4) of a 35-year-old
man who received posterior cruciate ligament reconstruction using autogenous double-loop hamstring tendon graft (patient #6). MR
images obtained 265 days after posterior cruciate ligament reconstruction (A, B) show high band-like intrasubstance signal intensity
(arrows) in the middle segment. The high signal intensity (arrows) persists on MR images obtained 407 days after posterior cruciate
ligament reconstruction (C, D). The graft thickness decreases from 15 mm (A) to 12 mm (C).

through four stages following transplantation: necrosis,
revascularization, cellular proliferation, and remodeling
(22). These stages may explain the changes in graft SI on
MR imaging. In previous studies, both clinically stable ACL
and PCL grafts primarily exhibited low SI bands with
increased SI in the intrasubstance and along the periphery
of the graft (10, 14 16, 21, 23); these tended to diminish
with time following reconstruction (19, 21, 23, 24). In our
study, SI was increased in 26 of 32 grafts (81%) and
tended to decrease with time following reconstruction, as
expected.

Furthermore, in our study, increased SI was more
common intrasubstance and in the middle segment. The
intrasubstance increase in SI was more easily detected than
that in the periphery. Greater tissue contrast is one
possible explanation for this. In addition, the ‘magic angle
artifact’ may play a role in increasing the signal intensity of
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middle segments. We recorded the overlap of the involved
segments, such as proximal and middle segments or middle
and distal segments. Therefore, a large number of cases
had increased SI in more than one segment, which may
influence the overall rate of increased SI in the middle
segment. Mariani et al. (15) observed slower graft healing
in the area exiting the tibial tunnel, with localized
increased SI disappearing at long-term evaluation. They
postulated that the sharp angle at the tibial tunnel
entrance, the ‘killer turn,” may produce abnormal graft
stress that results in slower healing, even though increased
SI within the graft does not always indicate graft impinge-
ment or damage. This hypothesis corresponds well with
our results, which showed increased SI in the distal
segment of 46 % of intact PCL grafts. In terms of the
shape, the increased SI was more commonly focal in
Achilles tendon allografts and band-like in autogenous
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Fig. 3. Proton density-weighted sagittal (A, C) and coronal (B, D) images (TR/TE, 2000/20 msec; echo train length, 4) of a 36-year-old
man who received posterior cruciate ligament reconstruction using Achilles tendon allograft (patient #13). MR images obtained 118 days
after posterior cruciate ligament reconstruction (A, B) show high band-like intrasubstance (arrow) and peripheral signal intensity
(arrowheads) in the proximal, middle, and distal segments. MR images obtained 773 days after posterior cruciate ligament reconstruction
(C, D) show high focal intrasubstance and peripheral signal intensity (arrows) in the proximal and middle segments. The graft thickness

increases from 8 mm (A) to 11 mm (C).

double-loop hamstring tendon grafts. Murakami et al. (23)
described the transitional findings of stable ACL grafts
using double-loop hamstring autografts. These findings
initially showed high SI soft tissue surrounding the graft;
the surrounding tissue then gradually invaded between the
bundles, resulting in inter-bundle high SI. These findings
may also correspond to our observation of band-like
increased Sl in this type of graft. The relatively wide
surface area of the ‘double loop’ graft may lead to
abundant synovialization and revascularization, which
may cause the band-like increase in SL

Sherman et al. (14) reported that PCL grafts appeared
thicker on MR imaging in the early postoperative period,
and that over time the thickness of the grafts gradually
decreased. In our study, however, the graft thickness did
not correlate to elapsed time after surgery. Remnants from
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the original PCL bundle and meniscofemoral ligaments in
our patients may lead to this discrepancy. Generally, to
allow for easier passage of the graft, both the remnant
bundle of the PCL and the meniscofemoral ligaments are
debrided during reconstruction (8, 9). However, we
believe that preserving these structures significantly
contributes to posterior stability of the joint and promotes
healing of the graft (8, 25).

There are some limitations to this study, including the
retrospective design and the small number of patients.
Also, because the PCL grafts included in this study were all
intact, we could not determine any differences between
intact and failed grafts. An insufficient follow-up period is
another limitation. A long-term follow-up study of the fate
of increased SI in PCL reconstruction and an experimental
investigation that includes MR imaging and histological
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comparison is needed to clarify the clinical significance of
this SI.

In conclusion, postoperative MR of stable PCL grafts
commonly showed increased SI within PCL grafts at any
segment or location, even though the PCL grafts were
stable. The shape of the increased SI differed according to
the graft type. However, this SI tended to decrease as time
elapsed.
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