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Purpose: To determine the clinical significance of fluid imbibition at the bone-cartilage interface seen on
postoperative MRI scans after osteochondral grafting of chondral lesions of the knee.
Methods: Retrospective review of patients enrolled in a prospective cartilage repair registry. Included
patients underwent osteochondral autografting or allografting of the knee, had minimum one year of
clinical follow-up, and underwent at least two postoperative MRI scans. The primary outcome was
reoperation for arthroscopic debridement and chondroplasty or graft revision. Secondary outcomes
included the radiographic fate of fluid imbibition.
Results: A total of 48 knees in 46 patients were analyzed, with mean 39 months clinical follow-up. Nine
patients (19%) had fluid imbibition on at least one postoperative MRI scan, all of whom received allograft.
Of these, two (22%) required eventual graft revision, four (45%) underwent arthroscopic chondroplasty
but did not require revision, and three (33%) did not require any additional surgery by final follow-up. No
demographic or surgical variable was associated with the presence of fluid imbibition. Fluid imbibition
was significantly associated with need for chondroplasty (p¼ 0.05), but not graft revision.
Conclusions: Fluid imbibition on postoperative MRI following osteochondral allografting of the knee is
associated with the need for arthroscopic chondroplasty, but should not be interpreted as a sign of a
failing graft.
Level of evidence: Level IV, Case Series.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Osteochondral allograft or autograft transplantation is a reliable
treatment for large chondral defects of the knee, especially when
lesions are unconstrained or there is evidence of diseased sub-
chondral bone.1 Medium- and long-term survival rates are high,
and the procedure reliably relieves pain and improves function
even in high-demand patients.2,3 Nonetheless, reported
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reoperation rates are as high as 37%,4 and patients who do ulti-
mately fail will often first undergo one or more arthroscopic sur-
geries for synovectomy, chondroplasty, and graft assessment prior
to revision grafting or arthroplasty.

Magnetic resonance imaging (MRI) provides a non-invasive
method for monitoring graft incorporation and articular surface
healing following osteochondral grafting. Utilizing modern pulse
sequences, clinicians may monitor both the articular surface of the
graft as well as the subchondral bone. MRI permits assessment of
graft integration, articular step-off, health of the chondral surface,
as well as reliably diagnosing osteonecrosis and host-immune
response.

There are several reported MRI-based scoring systems with
excellent interobserver reliability and validity, including the 3D
MOCART5 and OCAMRISS.6 These systems assess multiple aspects

mailto:gcbalazs@gmail.com
mailto:george.c.balazs.mil@mail.mil
mailto:deanwangmd@gmail.com
mailto:BurgeA@hss.edu
mailto:WilliamsR@hss.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2019.03.023&domain=pdf
www.sciencedirect.com/science/journal/09765662
www.elsevier.com/locate/jcot
https://doi.org/10.1016/j.jcot.2019.03.023
https://doi.org/10.1016/j.jcot.2019.03.023
https://doi.org/10.1016/j.jcot.2019.03.023


G.C. Balazs et al. / Journal of Clinical Orthopaedics and Trauma 10 (2019) S13eS19S14
of graft health and integration. However, despite many series
assessing MRI appearance of osteochondral grafts, correlation of
imaging scores to clinical failure or patient reported outcome
measures remains elusive. In most series assessing imaging and
clinical correlation, only a few subscores seem related to clinical
outcomes, and these frequently differ between studies.

Anecdotally, we have noted that the presence of fluid at the graft
bone-cartilage interface is a not uncommon finding on surveillance
post-operative MRI following osteochondral grafting. This is
frequently interpreted in our institution as “impending delamina-
tion of the chondral surface” in our institution. This finding is not
part of any commonly used MRI scoring system following cartilage
repair, and to the best of our knowledge this finding has not pre-
viously been critically assessed in the orthopaedic literature.

The purpose of this study was to assess the frequency of fluid
signal at the bone-cartilage interface following osteochondral
grafting, the radiographic fate of this fluid signals, and determine
whether this finding correlated with need for reoperation. We
hypothesized that fluid imbibition at the bone-cartilage interface
seen on MRI following osteochondral allografting predicts early
graft failure.

2. Methods

Since 1999, our institution hasmaintained a prospective registry
tracking patients undergoing cartilage procedures. As part of the
Institutional Review Board-approved protocol, all patients enrolled
in the registry sign an informed consent form prior to surgery.
Baseline assessment is completed, and patients are approached for
follow-up at 1, 2, 3, 4, 5, and 10 years postoperatively. Demographic,
surgical, and radiologic data are also recorded. This registry was
queried for all patients undergoing osteochondral allografting or
autografting for focal chondral lesions of the knee between January
2010eDecember 2015. Patients were indicated for osteochondral
grafting based on their activity level, characteristics of the cartilage
lesion, involvement of subchondral bone, and patient/surgeon
preference.

2.1. Inclusion and exclusion criteria

Inclusion criteria were (1) one or more symptomatic focal
chondral lesions of the knee classified as Outerbridge grade 4 le-
sions at the time of index surgery, (2) treatment with fresh osteo-
chondral allograft or autograft, (3) minimum one year clinical
follow-up with an orthopaedic surgeon at our facility, and (4) two
or more post-operative MRIs of the affected knee post-operatively
completed within our facility. Exclusion criteria were the presence
of metallic implants interfering with interpretation of post-
operative MRI scans, and post-operative MRI scans completed at
outside facilities. No patient had a ligamentous knee injury or
required meniscal repair or transplantation. We chose to include
patients who underwent concurrent procedures such as proximal
tibial or distal femoral osteotomies as long as the MRI scans were
interpretable. Additionally, when patients identified during our
query were found to have had osteochondral grafting of the
contralateral knee, we included the second knee even if surgery
occurred outside our specified time frame.

2.2. Patients

Demographic, intraoperative, and clinical outcome data were
collected for all patients. Where specific data fields were not
recorded in the registry, we searched available electronic medical
records to minimize the occurrence of missing data. Demographic
data included age at the time of surgery, sex, race, and surgeon.
Intraoperative data included the affected side, location of lesion,
type and number of grafts, any prior cartilage repair procedures,
and any secondary procedures at the time of index surgery. Clinical
outcome data included the date and nature of any reoperations,
clinical failure (defined as undergoing graft removal, revision, or
conversion to arthroplasty), and length of follow-up. While patient
reported outcome measures (PROMs) are collected as part of our
registry, only about half of the patients in this cohort had provided
follow-up responses, and so this datawas not included in the study.

2.3. Surgical indications and procedure

Osteochondral grafting was indicated based on the clinical
judgment of the treating surgeon depending on the nature and size
of the chondral lesion. Generally, osteochondral autografting was
performed for smaller, full-thickness lesions <2 cm2. Osteochondral
allografting was usually reserved for lesions >2 cm2. Failure of prior
cartilage repair procedures was not considered a contraindication.
Autologous chondrocyte implantation (ACI) and related procedures
are rarely performed in our institution due to the need for two
procedures, slower rehabilitation and return to sport, and surgeon
preference.

All procedures were performed by one of five fellowship-trained
orthopaedic surgeons with extensive experience in cartilage repair
procedures. All patients initially underwent diagnostic arthroscopy
to confirm the presence of chondral pathology seen on MRI, and to
assess and treat any other intraarticular injuries.

Once complete, arthroscopic instruments were removed and a
small parapatellar arthrotomy made (medial or lateral, depending
on the location treated). The patella was everted only in cases
where patellar lesions were treated. The chondral lesion was
debrided to stable margins, sized, and reamed to a bed or normal
bone. Where autograft was deemed appropriate, grafts were har-
vested from the non-weight bearing portion of the trochlea or
intercondylar notch. Where allograft was required, donor tissue
was obtained from commercial sources adhering to processing and
screening guidelines set forth by the American Association of Tis-
sue Banks. All allografts were transplanted between 16 and 30 days
after harvest. Grafts were cut to the appropriate depth following
careful measurement of the recipient site at three or four points
around the lesion, and impacted into place.

Post-operatively, patients were made toe-touch or non-weight
bearing for at least 1e2 weeks, but were permitted full range of
motion immediately. Continuous passive motion was instituted in
most cases. A hinged knee brace was worn continuously until
adequate quadriceps strength had been regained (typically 2e6
weeks postoperatively). All patients underwent a structured
physical therapy program until normal gait and quadriceps func-
tion was restored, as well as sport-specific rehabilitation as
required. Return to sport was allowed based on individual pro-
gression, usually starting with a return-to-running program at six
months post-operatively.

In all cases of reoperation for either arthroscopy with debride-
ment/chondroplasty or revision of graft, the decision to proceed
with surgery was made solely on the basis of clinical symptoms.

2.4. Imaging assessment

All post-operative MRI scans were obtained at our facility on a
1.5e3.0T MR imaging system (General Electric Healthcare, Wau-
kesha, WI) utilizing a dedicated extremity coil and standardized
clinical imaging protocol consistent with ICRS guidelines for
assessment of articular cartilage. Fluid sensitive fat suppressed
images (inversion recovery [IR] or T2 with fat saturation [T2 FS])
were obtained in the sagittal plane. High resolution proton density
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(PD) weighted fast spin echo (FSE) images were obtained in the
axial, sagittal, and coronal planes, with an effective echo time (TE of
approximately 25ms) selected for generation of tissue contrast
ideal for evaluation of hyaline articular cartilage.

Post-operative MRI scans were reviewed by an orthopaedic
sports medicine fellow and fellowship-trained musculoskeletal
radiologist. All sequences were reviewed for evidence of fluid
imbibition between the cartilaginous and bony surfaces of the
autograft or allograft, or fluid imbibition directly beneath the sub-
chondral lamina, as characterized by linear hyperintense fluid
signal along the interface between the articular cartilage and un-
derlying subchondral plate, or along the interface between the
subchondral plate and underlying trabecular bone. An example is
shown in Fig. 1. The presence of fluid imbibition was recorded as a
binary “yes” or “no”. The presence of synovitis and a joint effusion
was similarly recorded. Additionally, the time from surgery to MRI
scan was also recorded, as was the time between follow-up MRI
scans.

2.5. Statistical analysis

Cohort features were reported descriptively using counts,
means, and ranges. The primary outcomes were need for arthro-
scopic chondroplasty and revision following osteochondral graft-
ing. Univariate associations between the primary outcomes and
candidate risk factors were determined using the chi square test or
Fisher's exact test for categorical variables as appropriate, and the
Mann-Whitney U test for continuous variables. All analysis was
performed using IBM SPSS Statistics for Mac, Version 25 (Armonk,
NY).

3. Results

3.1. Cohort characteristics

During the study period, 931 patients were enrolled in our
institutional registry, of whom 173 underwent osteochondral
allografting or autografting. Of these, 50 patients met all inclusion
criteria and had at least two surveillance MRIs completed as part of
their routine post-operative care. Two patients were excluded as
the presence of prior metallic implants around the knee obscured
complete visualization of their chondral surfaces.

The final study cohort comprised 48 knees in 46 patients. Cohort
Fig. 1. Example sagittal and coronal proton density MRI showing fluid imb
characteristics are summarized in Table 1. Mean follow-up was 39
months. The majority of patients were male (79%), Caucasian (90%).
A total of 57 lesions were treated, most of whichwere on themedial
femoral condyle (35%) and lateral femoral condyle (25%). Eleven
patients (23%) were treated using osteochondral allografts, while
the remaining 37 received allografts. Patients receiving allograft
were significantly more likely to be younger (18.3 years vs. 28.6
years, p¼ 0.001) and have smaller chondral lesions (243mm2 vs.
434mm2, p¼ 0.01).

3.2. Imaging and clinical follow-up

The demographic and surgical characteristics of patients
requiring and not requiring reoperation are given in Table 2.

Nine of the 48 (19%) study patients had evidence of fluid imbi-
bition at the bone-cartilage interface of their osteochondral grafts
on follow-up MRI scan. Fluid imbibition was present at mean 14.6
months (range: 6e22months) post-operatively. All nine cases were
osteochondral allograft; no patient receiving an autograft had fluid
imbibition. The presence of fluid imbibition was not significantly
associated with any demographic variable, the anatomic location of
the chondral lesion, or the size of the treated lesion (all with
p> 0.05).

Two of the nine cases (22%) with fluid imbibition ultimately
underwent graft revision due to progressive collapse with pain and
persistent effusion at mean 26.5 months (range: 20e33 months).
Four (45%) underwent arthroscopy with debridement and chon-
droplasty at mean 20.8 months (range: 10e31 months) after index
surgery. Three cases (33%) did not require any further surgery. Only
one of the three cases not requiring further surgery had a subse-
quent MRI performed showing complete resolution of the fluid
imbibition (Fig. 2A and B).

3.3. Association with reoperation

The overall reoperation rate in the study cohort was 42% (20/
48), with 19% (9/48) of patients requiring arthroscopic debridement
and chondroplasty, 13% (6/48) requiring revision osteochondral
grafting, and 10% (5/48) requiring reoperation for other reasons
(manipulation under anesthesia, removal of hardware, etc).

The presence of fluid imbibition was associated with the need
for subsequent chondroplasty (p¼ 0.05). No other demographic or
surgical factorwas significant, including age, sex, race, affected side,
ibition beneath the subchondral lamina of an osteochondral allograft.



Table 1
Demographic and injury characteristics of study cohort.

Whole Cohort (n¼ 48) Fluid Imbibition on MRI (n¼ 9) No Fluid Imbibition on MRI (n¼ 39)

Mean Age 26.2 years (range: 13e49 years) 28.4 years (range: 17e49 years) 25.7 years (range: 13e44 years)
Sex
Male 38 (79%) 8 (89%) 30 (77%)
Female 10 (21%) 1 (11%) 9 (23%)

Race
Caucasian 43 (90%) 9 (100%) 34 (87%)
Other 5 (10%) 0 (0%) 13 (%)

Side
Right 23 (48%) 6 (67%) 17 (44%)
Left 25 (52%) 3 (33%) 22 (56%)

Lesion Size 390mm2 556mm2 351mm2

Procedure Type
Primary 43 (90%) 9 (100%) 34 (87%)
Revision 5 (10%) 0 (0%) 5 (13%)

Graft Type
Autograft 11 (23%) 9 (100%) 11 (28%)
Allograft 37 (77%) 0 (0%) 28 (72%)

Graft Location
MFC 17 (35%) 3 (33%) 14 (36%)
LFC 12 (25%) 3 (33%) 9 (23%)
Trochlea 11 (23%) 1 (11%) 10 (26%)
Patella 3 (6%) 1 (11%) 2 (5%)
Multiple 5 (11%) 1 (11%) 4 (10%)

Mean Follow-up 39 months (range: 12e101 months) 39 months (range: 19e72 months) 39 months (range: 12e101 months)

Table 2
Demographic, injury, and radiologic characteristics of patients based on need for reoperation.

No Reoperation (n¼ 28) Arthroscopic Chondroplasty (n¼ 9) Graft Revision (n¼ 6)

Mean Age 26 years (range: 14e44 years) 27.6 years (range: 13e44 years) 23.7 years (range: 15e49 years)
Sex
Male 24 (86%) 7 (78%) 4 (67%)
Female 4 (14%) 2 (22%) 2 (33%)

Race
Caucasian 25 (89%) 8 (89%) 6 (100%)
Other 3 (11%) 1 (11%) 0 (0%)

Side
Right 15 (54%) 5 (56%) 2 (33%)
Left 13 (46%) 4 (44%) 4 (67%)

Mean Lesion Size 391mm2 356mm2 404mm2

Procedure Type
Primary 24 (86%) 9 (100%) 6 (100%)
Revision 4 (14%) 0 (0%) 0 (0%)

Fluid Imbibition Present?
Yes 3 (11%) 4 (44%) 2 (33%)
No 25 (89%) 5 (56%) 4 (67%)

Graft Location
MFC 11 (39%) 2 (22%) 2 (33%)
LFC 6 (21%) 2 (22%) 2 (33%)
Trochlea 8 (29%) 0 (0%) 2 (33%)
Patella 1 (4%) 2 (22%) 0 (0%)
Multiple 2 (7%) 3 (33%) 0 (0%)
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primary versus revision procedure, allograft versus autograft, lesion
size, or lesion location.

The presence of synovitis was associated with reoperation for
any reason (p¼ 0.002). Within the subgroup of cases with fluid
imbibition, the presence of synovitis or a joint effusion was not
associated with reoperation for chondroplasty/debridement or
revision surgery.

4. Discussion

The major finding of this study is that the presence of fluid
imbibition on follow-up post-operative MRI is associated with the
need for arthroscopic debridement and chondroplasty. Fluid
imbibition was present in nearly 20% of cases, of which two (22%)
ultimately required revision procedure. The remaining seven (78%)
did not. In one case, we were able to document resolution of fluid
imbibition despite no further surgical treatment.

Osteochondral grafting (autograft or allograft) has proven to be
a reliable treatment for symptomatic chondral lesions of the distal
femur. Published series report consistently good short-, mid-, and
long-term results in a variety of patient subpopulations.7e9 Reop-
eration, however, is quite common, with many patients requiring
manipulation under anesthesia for persistent knee stiffness,
arthroscopic synovectomy for persistent effusion and pain, or
arthroscopic chondroplasty for delaminating cartilage from the
graft.10,11 The reoperation rate has been reported as high as 37%,4

which is similar to our cohort where 42% underwent reoperation
and 32% required reoperation to address complications related to
the graft.

MRI is a commonly used tool for assessing the health and



Fig. 2. ASagittal and coronal proton density MRI scans of a patient 10 months after osteochondral allografting showing fluid imbibition at the bone-cartilage interface of the graft
(white arrows). BRepeat MRI 22 months after surgery showing complete resolution of fluid imbibition.
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integrity of osteochondral grafts post-operatively, either through
routine surveillance studies performed at specified intervals after
surgery, or in response to clinical complaints in the post-operative
period. The MRI appearance of osteochondral grafts has been
relatively well-described, with autograft tissue showing bony
edema up to one year after surgery in half of patients and pro-
gressive fill of fissures at the graft-host interface, and a longer
period of bony edema with development of an advancing front as
graft bone is incorporated.12 Additionally, complications such as
bony collapse, host-immune reaction, and avascular necrosis of
implanted grafts are readily identifiable on MRI, and provide
diagnostic value to the surgeon during clinical decision-making.
Several MRI-based scoring systems are commonly used in the
cartilage repair literature to report the health of the graft based on
the appearance of the subchondral bone, subchondral lamina,
incorporation of transplanted tissue, and surrounding structures
(MOCART, CROAKS, OCAMRISS).6,13,14

Less clear, however, is the relationship between post-operative
imaging findings and clinical outcomes. Meric et al. (2015) re-
ported a correlation between the cartilage section of the OCAMRISS
score as well as the total score with post-operative IKDC function
scores.15 They also identified a correlation between individual
COOS subscores and the ancillary section scores of the OCAMRISS.
They did not, however, find any relationship between the sub-
chondral bone feature scores of OCAMRISS and any clinical
outcome measure. Krusche-Mandl et al. (2012) found a correlation
between Lysholm scores and T2-mapping of transplanted grafts,
but no direct correlation between MOCART score and clinical
outcome.16 In contrast, Maracacci et al. (2007) identified a corre-
lation between the IKDC and most features of the MOCART score
including defect filling, subchondral bone changes, and the pres-
ence of a joint effusion.17 Kokkinos's et al. (2008) found no
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relationship between Lysholm score and subchondral lamina ir-
regularity, subchondral bone edema, or articular step-off.18 The
apparent lack of correlation between post-operative imaging
findings and clinical outcome has led some to question its utility as
a routine surveillance tool.

In the present study, we sought to correlate an imaging finding
not typically captured by conventional MRI scoring systems with
the clinical success of osteochondral grafts. We have noted rela-
tively high rates of fluid imbibition signal on post-operative MRI.
These findings, often interpreted by our radiology colleagues as
“impending chondral delamination” of transplanted grafts, raise
significant dilemmas in the clinical setting. It has been unclear to us
whether such a finding should prompt early arthroscopic chon-
droplasty to prevent propagation of the delamination, counseling
of the patient on a likely need for reoperation in the future, or
watchful waiting with intervention only if the patient develops
clinical symptoms. We have elected to proceed with the last option,
making clinical decisions solely on the basis of patient symptoms
and physical examination.

The results of our study seem to support our course of action.
Fluid imbibition is associated with the need for arthroscopic
debridement and chondroplasty. We did not find an association
between fluid imbibition and eventual graft revision, but our cohort
is likely too small to detect such as association given our overall low
revision rate. Nearly half of the patients with a fluid imbibition
signal ultimately underwent an arthroscopic chondroplasty, but
none of those patients progressed to graft failure/revision. MRI
follow-up after chondroplasty did not show further propagation of
the fluid signal or progressive chondral delamination. Additionally,
one-third of the patients with such a signal required no further
surgery, and one of those patients showed resolution of the fluid
signal on follow-up MRI.

Synovitis was associated with need for reoperation, though a
joint effusion was not. We interpret this finding as indicative of an
inhospitable joint environment that may lead to a need for further
surgery. The expanding field of biologic therapies may be useful in
altering this abnormal joint homeostasis, and we will frequently
use platelet-rich plasma injections post-operatively in an attempt
to control synovitic knees. Research in this field is ongoing and has
shown promise.19,20

There are several limitations to this study. First, by only
including patients with at least two post-operative MRIs, we
reduced our study cohort to only about one-third of the patients
receiving an osteochondral graft who were enrolled in our registry
over the specified time period. With a larger cohort, wemight have
potentially identified a correlation between fluid imbibition and
eventual failure. However, intuitively we believe this is unlikely.
Patients undergoing multiple MRI scans post-operatively are more
likely to be experiencing clinical symptoms, and therefore more
likely to require secondary procedures. We suspect, but cannot
prove, that the remaining patients with one or zero post-operative
MRIs are more likely to be clinical “successes” who chose not to
keep routine annual follow-ups in our clinic. This rationale is sup-
ported by the relatively higher failure rate we found in this cohort,
versus other populations we have reported from our registry.

Second, while we have described our criteria for the identifi-
cation of fluid imbibition on MRI, this definition is novel and has
not been previously described in the orthopaedic or radiology
literature that we are aware of. It is possible that the findings we
report here are indicative of some other process other than fluid
imbibition, despite its characteristic appearance. Further review
and possible external validation of these findings would be helpful
to support our conclusions.

Finally, because this was a retrospective review of prospectively
collected data, there are a variety of potential sources of bias
inherent in our conclusions. The lack of uniform follow-up, varying
time points for post-operative MRI scans, and lack of validated
patient-reported outcome scores all limiting the strength of our
conclusions, though we do not feel that these limitations refute our
findings.

5. Conclusions

Our data suggests an association between the presence of a fluid
imbibition signal on post-operative MRI following osteochondral
grafting and the need for eventual arthroscopic chondroplasty. This
signal was only present in osteochondral allografts, and did not
appear to be associated with graft failure or need for revision
procedures or arthroplasty. This information may prove useful
when evaluating post-operative MRI scans following osteochondral
grafting, and counseling patients on the potential consequences of
their imaging findings.
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