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Introduction
Osteochondral fractures (OCF) are injuries to the articular 

surface of a joint containing both cartilaginous and bone 
components. The most common mechanisms are thought to be 
direct trauma secondary to patellar dislocation [1] or indirect 
shear forces caused by knee twisting, commonly resulting 
in lateral femoral condyle injuries [2] Due to generalised 
ligamentous laxity in adolescents, both patellar dislocation 
and shear stresses are more likely to occur, with a reported 
incidence of acute patellar dislocation of 107 per 100,000 in 
children between 9 and 16 years old [3]. Further increasing the 
vulnerability in this age group is the fact that the osteochondral 
junction in adolescents has reduced biomechanical strength 
when compared to the mature one [4]. Historically, undisplaced 
fractures were treated conservatively or fixed insitu. Acute 
displaced fractures were fixed primarily and neglected or missed 
injuries were considered as loose bodies and excised. 

Surgical treatments have been developed, and are based on 
either fixation, via several methods, or regenerative procedures 
such as microfracture, osteochondral transplantation (allograft or 
autograft) or autologous chondrocyte implantation. Procedures 
such as microfracture, osteochondral transplantation (allograft 
or autograft) and autologous chondrocyte implantation. The 
current literature is dominated by case studies and small case 
series reporting the use of different methods in the acute setting. 
The impact of time to fixation on results has been identified as 
an important question that has not been addressed [5]. This 
is a pertinent question due to challenging nature of diagnosis 
in these patients by plain radiographs [6], leading to a large 
proportion of late presentations. We describe the results of two 
cases of OCF with fixation by bioabsorbable osteochondral darts, 
following late presentation.
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Abstract

Objective: Osteochondral fractures (OCF) are injuries to the articular surface of a joint containing both cartilaginous and bone components. 
Various methods have been reported for the treatment of these fractures in the acute setting. There is limited data on delayed fixation. We report 
two cases of delayed presentation and primary fixation of OCF with bioabsorbable osteochondral dart.  

Cases: The first case was of a sixteen-year old boy with a twisting knee injury resulting in a displaced 22 mm OCF on the medial facet of the 
patella, identified on Magnetic Resonance Imaging (MRI). The second case was of a fifteen-year old boy who presented five months following a 
soccer injury with persistent left knee swelling and pain. MRI identified a displaced 22.5mm OCF of the lateral femoral condyle. Both patients 
underwent arthroscopic inspection followed by arthrotomy and fixation of the OCF using osteochondral darts, 5 weeks post injury in the first 
patient, and 6 months post injury in the second. There were no intra-operative or post-operative complications. Post-operatively, both were 
initially kept non-weight bearing in extension for 4 weeks, with graded increase in range of motion and weight bearing. Clinically at final follow 
up at 12 months both had a pain free, full range of motion. MRI in the second patient demonstrated osseous union of the fragment with some 
superficial fibrillation of the cartilage. 

Conclusion: These cases demonstrate that late presenting OCFs can be successfully treated by primary internal fixation using bioabsorbable 
osteochondral darts.

Abbreviations: OCF: Osteochondral fractures; MRI: Magnetic Resonance Imaging; MPFL: Medial Patella Femoral Ligament; BMAC: Bone Marrow 
Aspirate and Concentrate Cells; MCIC: Mesenchymal Cell Induced Chondrogenesis.
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Case 1
A sixteen-year-old boy reported a twisting injury while 

playing soccer, resulting in an acutely painful and swollen left 
knee. He had no history of previous trauma to the knee. On 
examination in the emergency department, there was an acute 
haemarthrosis and limited range of movement with the knee 
held in 20 degrees of flexion. There was no medial collateral 
or lateral collateral ligament instability. Cruciate ligament 
exam was precluded by pain. Anterior-posterior and lateral 
knee radiographs showed a skeletally mature knee with a 
haemarthrosis, but no acute bony injury was identified. He was 
placed in to an extended cylinder cast. Due to ongoing pain, 
he underwent magnetic resonance (MR) imaging. This was 
conducted 5 weeks after injury and revealed a displaced 2.2cm 
OCF on the medial facet of the patella (Figure 1).

Figure 1: This was conducted 5 weeks after injury and revealed 
a displaced 2.2cm OCF on the medial facet of the patella.

Figure 2: The fragment was then reduced and fixed with four 
osteochondral darts.

Seven weeks post injury; he underwent arthroscopic 
assessment followed by limited open arthrotomy and internal 
fixation of the fractured fragment. After confirming the presence 
of the fragment, he underwentmini-open arthrotomy. A tear of 
the Medial Patella Femoral Ligament (MPFL) was identified. The 
fragment was trimmed, and the base debrided of soft tissue, 
back to bleeding bone. The fragment was then reduced and fixed 
with four osteochondral darts (anthrax) (Figure 2), and stability 
checked in flexion. The MPFL was also repaired. 

There were no intra-operative or post-operative 
complications. He was kept in an extension splint, with non-
weight bearing mobilisation for 4 weeks. Under physiotherapist 
supervision, range of movement was progressively increased 
from 0 to 90 degrees, maintaining non-weight bearing for 6 
weeks. He was then allowed flexion up to 90 degrees, with partial 

weight bearing for 4 weeks. Following this, he commenced 
unrestricted movement with full weight bearing. At latest follow 
up 9 months post operatively, he has a pain free full range of 
movement, back to pre morbid activity levels. Knee radiographs 
showed healing of the fixed fragment (Figure 3).

Figure 3: Knee radiographs showed healing of the fixed 
fragment.

Case 2
This fifteen-year-old boy presented to fracture clinic with 

a five-month history of left knee pain and swelling following 
an injury while playing soccer. Examination revealed a joint 
effusion and a range of movement from 10 to 135 degrees. There 
was moderate lateral joint line tenderness, and no ligamentous 
instability. Antero-Posterior and lateral knee radiographs 
demonstrated a skeletally immature knee, with a lucency in the 
lateral femoral condyle suggestive of an OCF. Subsequent MR scan 
showed a 22.5 mm by 17 mm full thickness OCF on the lateral 
femoral condyle (Figure 4), with subchondral cysts present 
anteromedially. On further review his range of movement had 
deteriorated 30 to 135 degrees. He underwent open reduction 
and internal fixation six months following onset of symptoms.

Figure 4: Subsequent MR scan showed a 22.5 mm by 17 mm 
full thickness OCF on the lateral femoral condyle.

He underwent initial arthroscopy, which confirmed the 
presence of the fragment, and proceeded to open arthrotomy 
and internal fixation. Via a lateral parapatellar incision, the 
fragment was identified, and trimmed. The base of the fracture 
was debrided back to bleeding bone. Five osteochondral darts 
(anthrax) were used to fix the fragment following reduction 
(Figure 5). Stability was checked prior to closure. There were 
no intra-operative or post-operative complications. Post-
operatively he was kept non-weight bearing in an extension 
splint for 6 weeks. Following this, flexion was increased to 0-30, 
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maintaining non-weight bearing. He was then allowed to flex 
from 0-90 and progress to partial weight bearing, for 6 weeks. 
After this, he was allowed free flexion and full weight bearing 
mobilisation under physiotherapist supervision, avoiding 
contact sport, while encouraging swimming and cycling. 
MRI scan of the knee performed 10 months post operatively 
demonstrated osseous union of the fragment (Figure 6). There 
was also some superficial fibrillation of the chondral component, 
but at no point was this full thickness. Clinically at final follow up 
at 12 months, he had a pain free, full range of movement. He was 
discharged back to previous levels of activity and sport.

Figure 5: Five osteochondral darts (anthrax) were used to fix the 
fragment following reduction.

Figure 6: MRI scan of the knee performed 10 months post 
operatively demonstrated osseous union of the fragment.

Discussion
These cases demonstrate that late presenting OCFs can be 

successfully treated by primary internal fixation techniques. 
Diagnosis of OCF at the time of presentation requires a high 
level of clinical suspicion. Plain antero-posterior radiograph 
should be carefully inspected in the presence of a twisting knee 
injury or patella dislocation and haemarthrosis in an adolescent. 
Any suspected abnormalities should prompt urgent knee 
specialist referral and MR imaging, to allow early identification 
and appropriate management. The use of bioabsorbable dart 
fixation has previously been reported in the acute setting [7, 8], 
with good results. Historically, it was felt that late presenting 
fractures could not be accurately repaired, and therefore should 
be excised [1]. However, the cartilage defect predisposes to the 
development of early osteoarthritis [9], and therefore this does 
not provide an ideal long-term option. We therefore felt that 
anatomic reduction and fixation of these lesions provided the 
best chance of a good long-term functional outcome in these 
active young adolescent patients.

We elected to confirm the presence, size and placement of the 
fracture via arthroscopic inspection prior to open arthrotomy. 
This ensures that the fragment is present as described on MRI, 
and further guides the extent and position of the arthrotomy 
incision. We feel that arthrotomy is particularly necessary in 
late presenting cases to ensure that a thorough debridement of 
both fragment and fracture site can be conducted. This allowed 
accurate and stable reduction and fixation of the fragment using 
bioabsorbable screws. These preclude the risk of metalwork 
displacement and damage to articular surfaces, and the potential 
need for a second procedure to remove them. A cautious approach 
to weight bearing and mobilisation is essential in these patients 
to protect the fixation of the fragment, preventing displacement, 
as both boney and chondral healing occur. Although this can 
result in short term knee stiffness, graded increase in range 
of motion provides a reliable return to full movement in these 
young patients. There are a number of different surgical options 
for these patients that can broadly be divided in to fixation 
methods or regenerative therapies. Fixation methods include the 
use of bioabsorbable screws, as in this study, and conventional 
headless screws [10]. Regenerative procedures are designed 
to stimulate healing and repair of cartilage. These include 
microfracture, osteochondral transplantation and autologous 
chrondrocyte implantation.

Microfracture aims to stimulate new cartilage growth and 
repair. An awl is used to make multiple holes in the subchondral 
bone beneath the defect. Bleeding creates a healing response, 
with the goal of producing new healthy cartilage. Microfracture 
provides good early results; however, there is evidence to suggest 
that clinical outcomes following microfracture deteriorate after 
eighteen to twenty four months [11]. Osteochondral autograft 
transplantation (OAT) involves taking a plug of cartilage and 
subchondral bone from a non-weight bearing part of the knee 
and then implanting it in to the defect. This can either utilise 
a single transplant, or multiple small plugs in a ‘mosaicplasty’. 
OAT and microfracture have recently been compared in a meta-
analysis [12]. This appeared to show better clinical results with 
a higher rate of return to sport and maintenance of their sports 
function from before surgery compared to microfracture. The 
authors suggested that OAT is appropriate for lesions smaller 
that 2cm2. 

There is also evidence to suggest that clinical outcomes 
following microfracture deteriorate after eighteen to twenty four 
months [11].Osteochondral allograft transplantation is a similar 
procedure to autograft transplantation, however cadaveric bone 
is used. This technique is burdened by cost, and difficulty finding 
appropriate donors. However, good clinical and functional 
outcomes have been demonstrated in systematic review [13], 
and this is an appropriate technique in large defects. Autologous 
chondrocyte implantation is a two-stage procedure. Healthy 
cartilage tissue is removed via an arthroscopy and cultured for 3 
to 5 weeks. An arthrotomy is then performed to allow preparation 
of the defect site and a covering patch of periosteum to be 
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placed over the defect. The chondrocytes are then injected in to 
the defect underneath the periosteal sleeve. This is postulated 
to form ‘hyaline like’ cartilage that is histologically closer to 
healthy articular cartilage than microfracture techniques. This 
has been shown to have a successful outcome in 72% of cases at 
a mean of 10.2 years in a recent meta-analysis [14]. However it 
does appear that failure rate increases as the size of the lesion 
increases. The recently developed technique of autologous bone-
marrow Mesenchymal Cell Induced Chondrogenesis (MCIC) 
using bone marrow aspirate and concentrate cells (BMAC) for 
treating chondral defects [15,16] shows promising early results, 
but requires long term studies to evaluate its efficacy.

Conclusion
Early diagnosis and management of these fractures is ideal. 

However, good results can be achieved using primary fixation 
with bioabsorbable screws in late presenting cases especially in 
young skeletally immature patients who have the best chance of 
cartilage healing.
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