
Cartilage
2016, Vol. 7(4) 316 –321
© The Author(s) 2016
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1947603515626973
cart.sagepub.com

Clinical Paper

Introduction

Full-thickness chondral injuries represent a challenging 
entity to treat. Due to limited regenerative capacity, the 
presence of full-thickness lesions is often associated with 
high levels of morbidity and functional decline.1,2 
Historically, microfracture has been considered the gold 
standard for management of these lesions given the proce-
dure’s technical ease and limited surgical morbidity; how-
ever, microfracture has questionable durability and limited 
efficacy in the treatment of larger lesions (>2 cm2).3,4 
Autologous chondrocyte implantation (ACI) has also been 
used as a treatment method for these lesions but is associ-
ated with increased cost and surgical morbidity with both a 
harvesting procedure and an implantation procedure.2 
Osteochondral autograft transplantation (OAT) has also 
been commonly used; however, donor site morbidity and 
articular congruency mismatch are common pitfalls of the 
procedure.2,5

More recently, commercially produced osteochondral 
allograft plugs have been made available, including 
Chondrofix (Zimmer, Warsaw, IN), for the treatment of 
chondral defects. While a seemingly attractive alternative to 
the previously mentioned surgical interventions, there is 
limited information on their efficacy in treating osteochon-
dral lesions. We present 2 cases of early failure following 
the use of these commercially available plugs.

Case 1

At the onset of injury, the patient was a healthy 37-year-old 
male participating in a crossfit training program when he 
experienced activity-related knee pain. He presented for 
evaluation, and radiographic investigations revealed chon-
dral lesions on both his lateral and medial femoral condyles 
as well as a medial meniscal tear. There were no associated 
tibial chondral lesions or significant malalignment of the 
limb warranting realignment considerations.

Arthroscopic exploration confirmed the MRI findings, 
revealing a large grade IV medial femoral condyle cartilage 
lesion (3.0 cm × 1.2 cm) (Fig. 1a) and a grade IV lateral 
femoral condyle cartilage lesion (2.0 cm × 1.5 cm) (Fig. 
1b). The patient underwent a partial medial meniscectomy 
(>50%) and the chondral lesions were treated with 
Chondrofix osteochondral allograft implantation. The lat-
eral chondral lesion was treated with a single Chondrofix 
plug (15 mm) (Fig. 1c), while the medial chondral lesion 
was treated with 3 abutting Chondrofix plugs (all 11 mm) 
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(Fig. 1d). All 4 plugs were inserted as per manufacturer’s 
instructions and found to have good fixation, with stable 
borders providing good restoration of the congruency of the 
chondral surface.

The patient underwent standard postoperative rehabilita-
tion initiating continuous passive motion from 0° to 60° in 
the recovery room and continued for 4 to 6 hours per day for 
6 weeks, increasing flexion gradually as tolerated. Weight 
bearing was protected for 2 weeks. No brace was required.

The postoperative period was relatively uncomplicated, 
with progression through physiotherapy with restoration of full 
motion. On presenting in clinic for routine 6-month follow-up, 
the patient was found to have persistent knee pain with a nota-
ble effusion. The symptomatic knee was aspirated by the 
attending surgeon and an injection of corticosteroids was 
administered to treat for presumed synovitis. A corresponding 
decrease was noted in clinical outcome scores at that time 
(Table 1). An MRI was ordered that showed delamination of 
one of the medial plugs (Fig. 2) and the lateral plug (Fig. 3).

A repeat right knee arthroscopy was subsequently per-
formed. In the medial compartment, the superficial layer of 

the central Chondrofix plug had delaminated (Fig. 4a) and 
multiple loose bodies were present. Similarly, in the lateral 
compartment, the superficial layer of the Chondrofix plug had 
also delaminated (Fig. 4b) and was found in its entirety within 
the lateral compartment (Fig. 4c). All loose bodies were 
removed with a grasper or shaver (Fig. 4d). Postoperatively, 
rehabilitation guidelines included full weight-bearing with 
progression of range of motion as tolerated.

Case 2

A healthy 47-year-old female participating in exercise 
classes began experiencing activity-related knee pain. 
Investigations revealed a lateral meniscal tear in her left 

Figure 1. Intraoperative photos from Case 1: (a) medial femoral condyle lesions; (b) lateral femoral condyle lesion; (c) medial 
osteochondral allograft plugs; (d) lateral osteochondral allograft plug.

Table 1. Case 1: Clinical Outcome Scores.

Activities of 
Daily Living

IKDC 
Subjective 

Score
Marx Activity 

Score

Preoperative 78.75 50.57 12
6-Month postoperative 70 39.08 0

IKDC = International Knee Documentation Committee.

Figure 2. Postoperative MRI scan demonstrating medial plug 
delamination.
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knee. Additionally, she had evidence of full-thickness chon-
dral defects involving both the medial and lateral femoral 
condyles. After failing a trial of conservative management, 
arthroscopic evaluation confirmed both degenerative 
medial and lateral meniscal tears, as well as a large grade IV 
medial femoral condyle cartilage lesion (2.0 cm × 1.0 cm) 
(Fig. 5a) and a grade IV lateral femoral condyle cartilage 
lesion (1.0 cm × 1.0 cm) (Fig. 5b).

Partial medial and lateral meniscectomies (>50%) were 
performed, following which the chondral lesions were treated 
with Chondrofix osteochondral allograft plug implantation. 
The medial lesion was treated with 2 Chondrofix plugs (7 
mm and 11 mm; Fig. 5c), while the lateral chondral lesion 
was treated with 1 Chondrofix plug (9 mm; Fig. 5d). All 3 
plugs were again inserted as per manufacturer’s recommen-
dations and found to have good fixation, with stable borders 
and good restoration of the articular surface.

Again, the early postoperative course was uneventful 
with standard postoperative rehabilitation. At 3-month fol-
low-up, the patient was doing well clinically, with a full 
range of motion. On examination, a small amount of prepa-
tellar bursal thickening was noted, with an otherwise nor-
mal exam with no effusion. Five months postoperatively the 
patient was seen again due to the return of presurgical left 
knee symptoms, including swelling and pain. The patient’s 
MRI did not show any loose bodies at this time (Fig. 6) and 
therefore the knee was treated with an injection of cortico-
steroids for presumed synovitis.

Due to the continuation of symptoms, a repeat MRI was 
conducted at 7-month follow-up appointment, which 
revealed a delamination of the chondral surface of the 
superficial layer of the Chondrofix implant in the lateral 
compartment (Fig. 7). A corresponding decrease was noted 
in clinical outcome scores (Table 2).

The patient was brought in for a repeat left knee arthros-
copy. In the lateral compartment, the Chondrofix-filled 
lesion was seen with the deeper scaffold portion still in 
place, but with the superficial layers absent (Fig. 8). In the 
medial compartment and the posterior aspect of the knee, 
multiple small loose bodies were found as well. All loose 
bodies were removed with a shaver. Again, postoperative 
range of motion allowed full weight-bearing as tolerated 
with progressive range of motion as tolerated.

Postoperatively, this patient continued to have pain. 
They subsequently underwent revision surgery, with inser-
tion of fresh osteochondral allograft plugs.

Discussion

The incidence of symptomatic focal cartilage lesions is 
increasing annually6; however, the optimal method of 
treatment for these lesions continues to be debated. 
Treatment options range from palliative (chondroplasty or 
debridement) to repair (microfracture) to restoration tech-
niques (OATs, ACI, osteochondral allograft, or synthetic 
scaffold plugs), with widely variable reports of success. 
While more recent evidence suggests that restoration pro-
cedures are superior to repair,1,2,7,8 there is no consensus 
on the gold standard among cartilage restoration proce-
dures. These restoration procedures have the capability of 
providing pain relief, while also potentially delaying the 
progression of degenerative joint disease. As such, they 
have received significant attention in recent years in 
attempts to identify the procedure that provides maximal 
clinical benefit with the least amount of associated surgi-
cal morbidity and cost.

As briefly described above, Chondrofix osteochondral 
allograft is a commercially available product composed of 
donated human decellularized hyaline cartilage and cancel-
lous bone. It is theorized to offer the same structural and 
osteoconductivity benefits of an OATs procedure, while 
removing the associated donor site morbidity and eliminat-
ing the wait for fresh osteochondral allograft. Additionally, 
it is theorized to retain the normal mechanical properties of 
the articular cartilage during processing, to allow early 
range of motion and weight-bearing. Our study is the first 
report of chondral delamination following the use of these 
plugs in 2 separate cases within 8 months of their primary 
surgical procedure. Both patients were healthy, active 
patients who met surgical indications for the procedure, 
which was performed as per the described surgical tech-
nique. Both also presented in a similar manner with resid-
ual knee pain roughly 6 months postoperatively, initially 
thought to be secondary to synovitis. Imaging confirmed 
delamination of the Chondrofix plugs, requiring repeat sur-
gical intervention for removal of loose bodies. This is a 
concerning finding and has not been noted to occur with 
either osteochondral autograft transfer (OATs) or fresh 

Figure 3. Postoperative MRI scan demonstrating lateral plug 
delamination.
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osteochondral allograft (OCA) plugs. As such, concern 
should be raised over the structural properties of these 
implants and further experimental study should precede 
widespread clinical use.

There is a paucity of literature available on the utility of 
this product, although similar findings were reported in a 

recent abstract by Farr et al.9 They retrospectively 
reviewed their results with 32 cases treated with 
Chondrofix implants. They noted failure, defined as struc-
tural damage to the allograft plug documented on MRI or 
arthroscopic evaluation, in 72% of the cases. Given the 
findings of these 2 reports, caution should be employed in 

Figure 5. Intraoperative photos from Case 2: (a) medial femoral condyle lesions; (b) lateral femoral condyle lesion; (c) Medial 
osteochondral allograft plugs; (d) lateral osteochondral allograft plug.

Figure 4. Intraoperative photos from revision arthroscopy of Case 1: (a) medial femoral plug delamination; (b) lateral femoral plug 
delamination; (c) loose chondral fragment from lateral femoral plug; (d) retrieved loose body.
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utilization of these plugs, as failure rates of this magnitude 
have not been found with alternative cartilage restoration 
procedures.

Since identifying these cases of acute failure, we have 
reviewed all patients who were treated with these 
allograft plugs at our institution. A total of 36 cases have 
been performed to date. Aside from the 2 reported cases, 

there have been an additional 2 patients that have under-
gone revision with fresh osteochondral allograft. An 
additional 7 patients continue to have pain, with evidence 
of active knee inflammation and swelling. These addi-
tional patients are all considering revision surgery. 
Including all revised patients and those with persistent 
symptoms, 11 of our 36 cases (31%) are classified as fail-
ures to date.

Conclusion

In summary, we recommend caution in adopting the use of 
these commercially available osteochondral allograft plugs 
as delamination poses a challenging clinical problem that 
has not been encountered with the use of OAT or OCA pro-
cedures. Beyond the need for repeat surgery, and potential 
need for revision cartilage restoration procedures, their fail-
ure is associated with an extended period of disability and 
increased cost. Additionally, with the increasing number of 
cartilage restoration procedures performed each year, it is 
important for orthopedic surgeons to be aware of this poten-
tial complication as a cause for early failure following these 
procedures.
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Figure 7. Postoperative MRI scan demonstrating lateral plug 
delamination.

Table 2. Case 2: Clinical Outcome Scores.

Activities of 
Daily Living

IKDC 
Subjective 

Score
Marx Activity 

Score

Preoperative 85.00 63.22 7
6-Month postoperative 83.75 63.22 12

IKDC = International Knee Documentation Committee.

Figure 8. Intraoperative photo of delaminated lateral femoral 
condyle plug.

Figure 6. Postoperative MRI demonstrating intact allograft 
plugs.
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