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Abstract Internal fixation of a traumatic osteochondral

defect presents a challenge in terms of obtaining anatomic

reduction, fixation, and adequate compression for healing.

Fixation with countersunk intraarticular screws, Herbert

screws, bioabsorbable screws and pins, mini-cancellous

screws, and glue tissue adhesive have been reported with

varying results. We present an alternative fixation method

used in two patients for femoral condylar defects that

achieved anatomic reduction with compression via a cru-

ciate-shaped suture bridge construct tied down over a bony

bridge. This fixation method allowed early passive range of

motion and permitted high-quality MRI for followup of

fracture healing and articular cartilage integrity. Arthro-

scopic examination of one of two patients at 6 months

followup showed the gross appearance of a healed, ana-

tomically reduced fracture. With 1 year followup for one

patient and 2 years for the other, the patients have resumed

activity as tolerated with full, painless range of motion at

the knee. Longer-term outcomes are unknown. However,

the suture bridge is an alternative means of fixation with

encouraging early results for treatment of traumatic

osteochondral fragments in the knee.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Traumatic osteochondral fractures of the femoral condyles

are uncommon injuries that pose a challenge in terms of

successful reduction and maintenance of fixation. Dis-

placement can occur in the form of translation and/or

rotation in three planes (axial, sagittal, coronal), and the

fragment may be severed completely from its condylar

base and become entrapped elsewhere in the gutters of the

joint. For a displaced fragment and subsequent loose body,

many surgeons recommend operative treatment.

Much of the literature regarding traumatic osteochondral

fragments involves patellar and lateral femoral condylar

lesions seen after acute patellar dislocation. Historically,

traumatic osteochondral fragments were excised [1, 17, 19,

25, 26, 28], although replacement and fixation of osteo-

chondral fragments have been recommended when

adequate subchondral bone remains [26].

Open, mini-open, and arthroscopically assisted fixation

techniques have been described [3, 4, 7–9, 11, 12, 15–20,

25, 26, 28, 31–35]. Arthroscopically assisted procedures

allow documentation of concomitant injury and direct

observation of articular reduction with minimal trauma to

the local soft tissues. Successful fixation with subsequent

healing of lateral femoral condyle osteochondral fragments

has been reported with the use of countersunk intraarticular

screws [35], Herbert screws [16, 20], and bioabsorbable

screws [18] and pins [3, 7]. Fixation of the rare traumatic
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medial femoral osteochondral lesion has been reported

with mini-cancellous screws [2]. Traumatic medial lesion

fixation with glue tissue adhesive was reported by Gul et

al. [9], with complete healing documented at 6 months

followup and a functional knee score of 90 (Knee Society

Clinical Rating System).

We describe an alternative treatment, applying a new

fixation technique described recently for a shear fracture of

the capitellum [30], of a completely displaced traumatic

osteochondral fracture of either the medial or lateral fem-

oral condyles. A suture bridge fixation technique is used to

anatomically reduce the fragment, ensure rotational sta-

bility, compress the defect into its subchondral base

allowing for fragment healing, and provide secure enough

fixation to allow immediate passive motion. In addition, the

use of biodegradable sutures allows evaluation of the lesion

with MRI after surgery and healing of the osteoarticular

fragment with dissolution of the absorbable sutures. We

treated two patients, one with a lateral femoral condyle

injury and the other with a medial femoral condyle injury,

with this technique. This is the first description of a suture

bridge fixation successfully and reproducibly applied in a

weightbearing joint, where osteochondral injuries are

treated more commonly than other joints.

Materials and Methods

We used standard anteromedial and anterolateral arthros-

copy portals. The fracture fragment was identified and

inspected. We consider a fragment amenable to fixation if

it has intact, undamaged, full-thickness articular cartilage

attached to a small amount of nonsclerotic subchondral

bone.

We removed fibrous tissue from the subchondral defect

in the femoral condyle using a curette. Multiple perforations

were made in the defect with a 1.5-mm drill bit. A 3-cm

subvastus incision was made on the respective side of the

defect to observe the cortical bone overlying the epicon-

dyle. If an osteochondral fragment is too large to retrieve

through the arthroscopy portal, it can be removed through

this arthrotomy. Osseous tunnels were drilled with a Beath

pin in a retrograde fashion beginning intraarticularly at the

defect on the femoral condyle and through the anteromedial

or anterolateral femoral cortices exposed through the sub-

vastus incision. Four drill holes were made at opposing

quadrants on the edge of the lesion. In this fashion, two

Number 1 dyed, braided absorbable sutures (Ethicon Vicryl

suture, Johnson & Johnson, Piscataway, NJ) were passed to

create a cruciform configuration for subsequent fixation of

the osteochondral fragment (Fig. 1A). A Hewson suture

passer was used to pass the suture limbs over the bony

bridge exposed through the subvastus incision.

The osteochondral fragment then was replaced in the

defect under the braided absorbable sutures with proper

fragment orientation (Fig. 1B). The sutures were provi-

sionally tensioned to assess fragment conformity with the

femoral articular surface and fragment stability through a

full range of passive knee motion. The braided absorbable

sutures were tied securely over the anterior femoral cortex

(Fig. 1C) and fibrin glue was applied to the rim of the

defect. The arthrotomy and subvastus incision were closed

in layers and a soft dressing was applied to the knee.

Postoperatively, our two patients remained nonweight-

bearing for 8 weeks. Quadriceps isometric strengthening

and full range of continuous passive motion were initiated

immediately after surgery. Formal outpatient physical

therapy was delayed until 8 weeks after surgery. Weight-

bearing was resumed after 8 weeks as the pain subsided

and fixation and healing of the fracture were verified by

plain films and MRI. On plain films we looked for resto-

ration of the subchondral bone, absence of lucency in the

cancellous bone, and absence of sclerosis of the immediate

subchondral bone. We presumed resolution of bony edema

on MRI indicated healing.

Case Reports

The first patient was a 19-year-old man who presented with

pain, swelling, and instability after a twisting and hyper-

extension injury to his right knee and subsequent fall.

Physical examination 10 days after the incident revealed a

large effusion, motion limited from lacking 10� extension

to 90� flexion, and tenderness to palpation over the lateral

joint line anteriorly. Magnetic resonance images showed an

osteochondral fracture of the lateral femoral condyle. At

the time of surgery, the 2- 9 3-cm defect was identified in

the central, weightbearing portion of the lateral femoral

condyle, and the loose fragment was located in the supra-

patellar pouch. The fragment was prepared and fixation

was performed via the described suture bridge compression

technique. Postoperative management progressed as de-

scribed. Radiographic images confirmed the fragment

remained in its reduced position, and restoration of artic-

ular congruity was verified by followup MRI. By the third

month, examination revealed full active and passive range

of motion and no joint-line tenderness; at this point, the

patient was allowed to progress with weightbearing. At

12 months followup, the patient maintained full, painless

range of motion and had resumed full activities.

The second patient was a 25-year-old woman who pre-

sented 3 weeks after a forceful hyperextension injury to

her left knee. Physical examination revealed a markedly

antalgic gait, guarding, and diffuse joint-line tenderness

medially and anteromedially. There was an appreciable
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effusion and passive range of motion lacking 30� extension

to 90� flexion. Orthogonal radiographic images revealed

an osteochondral defect in the medial femoral condyle.

Magnetic resonance imaging and subsequent arthroscopic

evaluation (Fig. 2A) showed a 2- 9 2-cm defect in the

central aspect of the weightbearing portion of the medial

femoral condyle with a 7-mm depth into subchondral bone.

The corresponding loose fragment was located in the

medial gutter. Again, a suture bridge fixation was used to

achieve anatomic reduction and compression of the

Fig. 1A–C Arthroscopic images and a sawbones diagram of suture

bridge fixation of a medial femoral condyle osteoarticular fracture are

shown. (A) The base of the defect is drilled to stimulate progenitor

cell migration. A Beath pin is used to drill four tunnels in a retrograde

fashion from the opposing quadrants of the articular surface of the

lesion to the medial distal femoral cortex. Braided absorbable suture

is passed with a Hewson suture passer, and (B) the limbs of the

sutures are tensioned around the fragment to reduce it to the condyle.

After fragment stability and fluid joint motion are verified, the limbs

of the suture bridge are tied down over the medial, nonarticular distal

femoral cortex to secure the fragment. (C) On a sawbones model, the

osteochondral fracture fragment is outlined as a circular lesion on the

medial distal femur. The solid circles represent entrance and exit

holes drilled with the Beath pin. One suture and its transosseous

trajectory are represented by a small dashed line and the other by a

larger dash. For each suture, small arrowheads represent suture knots

tied down over a bony bridge.

Fig. 2A–B Photographs of Patient

2 reveal (A) an osteochondral defect

in the medial femoral condyle at

initial arthroscopy. Stable reduction

was performed via suture bridge

fixation, and (B) 6 months later,

healing of the osteochondral frag-

ment is verified during a second-

look arthroscopy.
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fragment, and the described postoperative protocol was

used. Six months after the index procedure, the patient

reported having a mechanical click in her knee. She

returned for a second-look arthroscopy, and inspection of

the medial compartment revealed congruity of the distal

femoral articular surface with the exception of a subtle

incongruency posteriorly with surrounding fibrocartilage

overgrowth (Fig. 2B). The osteochondral fragment was

probed and seemingly had the gross mechanical properties

of normal articular cartilage with a surrounding rim of

fibrocartilage at the fracture edge. The fragment was stable

circumferentially. A small amount of frayed fibrocartilag-

inous tissue at the posterior aspect of the lesion was

smoothed down with an arthroscopic shaver, as was the

posterior aspect of the healed osteochondral fragment

margin where some mild incongruity was noted. There

were no appreciable articular changes on the tibia. The

knee was examined again through a range of motion with

no more evidence of mechanical clicking. Eighteen months

after the second-look arthroscopy and 24 months after the

index procedure, the patient reported no pain with range of

motion and participated in full activities.

Discussion

Traumatic osteochondral fractures of the distal femoral

condyle are uncommon, and medial femoral condylar

involvement is rare. These injuries were likely the sequela

of a shear moment generated as the knee was forced into

hyperextension, and the distal femur impacted the tibial

plateau. Magnetic resonance imaging is the preferred study

when evaluating osteochondral injury [21, 22, 24, 27],

although when adequate bone remains attached to the

fragment for internal fixation, the fragment, defect, or both

may be identified by plain films or computed tomography.

An actual fracture should be differentiated from osteo-

chondritis dissecans by the acuity and history of antecedent

trauma; the involved tissues in an acute fracture are pre-

sumably nonpathologic and potentially more amenable to

fixation.

Although historically such fragments were treated by

excision [1, 17, 19, 25, 26], the traumatic nature of the injury

may contribute to an environment conducive to healing when

fixation is attempted acutely. Fixation of the fragment has

the advantage of restoring a congruent surface with viable

articular cartilage. Internal fixation requires that a sufficient

amount of bone remains attached to the osteochondral

fragment; without such a bony platform, the articular carti-

lage will not be reincorporated into the femoral condyle.

Bone-to-bone healing can provide for stability of the carti-

laginous island, and a fibrocartilaginous rim may effectively

seal the cartilage surface [5, 6, 8, 11, 12, 28, 31–33].

Although we have not attempted fixation of nontraumatic

osteochondritis dissecans lesions with this construct, we

anticipate that this technique would be amenable only with a

lesion with sufficient, viable, nonsclerotic subchondral bone

remaining on the undersurface of the lesion.

The goals of fixation are to restore the articular surface

congruity, provide compression of the fragment to allow

osseous healing between the fragment and the femoral

condyle, and ensure rotational stability to allow immediate

range of motion. Presumably the edges of the reconstruc-

tion occur by fibrocartilage connection to adjacent normal

cartilage; however, we have no good method to assess such

repair. Screw or pin fixation has been described for fixation

of these lesions [3, 7, 16, 18, 20, 35]. The advantage of

using specially designed chondral darts or pins is that they

are bioabsorbable and allow postoperative MRI without the

need for implant removal. When multiple pins or chondral

darts are used, rotational stability may be obtained, but

compression of the lesion is compromised. The use of

screws allows immediate compression and rotational

stability if more than one screw is used. However, com-

pression initially obtained by bioabsorbable screws has

been observed to dissipate rapidly, within four days of

placement, presumably owing to stress relaxation [10, 15].

Fragmentation of smaller osteochondral lesions is possible

during screw insertion, and MRI postoperatively is marred

by artifact. Finally, screw or pin fixation can lead to

abrasive wear of the articulating surface and may neces-

sitate future surgery for hardware removal [14].

In contrast, the suture bridge fixation technique we de-

scribed combines the principles of lesion compression,

immediate stability allowing range of motion, an absence

of abrasive implants, and the ability to perform postoper-

ative MRI. Sodl et al. described the use of this technique

for an acute osteochondral shear fracture of the capitellum

[30], however, this is the first report of its successful

application, with reproducible results, in a lower-extremity,

weightbearing joint, where osteochondral injuries are more

common. Suture fixation of traumatic osteochondral patella

fractures involving the articulating weightbearing surface

also was described [4, 23]. In six cases described by

Pritsch et al. [23], three holes were drilled in a triangular

configuration and two suture limbs were passed through

each hole to reduce the patella fragment with a parachute

configuration.

Heavy braided absorbable suture is suitable for suture

bridge fixation because it undergoes minimal absorption

for the first 40 days [13], maintaining compression of the

fragment for as much as 6 weeks. The suture then under-

goes rapid and complete resorption by 56 to 70 days [13],

in time for resumption of weightbearing, and eliminating

any need for hardware removal. Nonetheless, before deg-

radation, the sutures remain low profile enough such that
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the fragment is secured without blocking range of motion

or causing abrasion to adjacent intraarticular structures.

One year after his surgery, the first patient has fully

recovered and followup imaging shows a healed fracture

(Fig. 3). The second patient’s most recent MRI obtained at

8 months followup again showed restored articular con-

gruity (Fig. 4). At 18 months followup, she has recovered

from the second-look arthroscopy in which fragment

position and healing were verified. Both patients remain

weightbearing as tolerated with full, painless range of

motion at the knee. Their long-term courses will be

followed to monitor for posttraumatic arthritis.

There are a few caveats to observe when performing this

procedure. More patients and additional followup are

needed to ultimately verify the safety or efficacy of this

approach. Although neither of our patients experienced

injury to the common peroneal or saphenous nerves, frag-

mentation of the bony bridge, or premature suture failure,

these are theorized as potential complications. Should

abrasion damage to the suture occur before fracture healing

is complete, there is a theoretic risk of fracture displace-

ment and consequent intraarticular damage. For this reason

we recommend enforcement of strict nonweightbearing

until at least 8 weeks after surgery and radiographic veri-

fication of bony healing.

We have presented a suture bridge fixation technique

based on the principles of repair of traumatic osteoarticular

fragments. The suture bridge fixation provides compression

Fig. 3A–B (A) Sagittal and (B)

coronal MR images of Patient 1 at

4 months after surgery show a

healed fracture with restoration of

the articular surface.

Fig. 4A–B (A) Sagittal and (B)

coronal MR images of Patient 2 at

8 months after surgery show ade-

quate alignment of the healed

fracture.
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and rotational stability and, unlike fixation with pins or

screws, obviates the risk for mechanical abrasion of artic-

ulating surfaces and the need for hardware removal. Using

sutures, rather than pins or screws, allows for high-quality

MRI after fixation. The suture bridge is a viable alternative

to other accepted means of fixation, including screw fixa-

tion and bioabsorbable darts, for treatment of traumatic

osteochondral fragments in the knee.
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