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THESIS SUMMARY AND DISCUSSION

The incidence of foot and ankle injuries is steadily increasing.6 Such an increase demands a 

continuous need for research in diagnosing, understanding and treating these injuries. This 

thesis focused on the acute and chronic aspects of hindfoot trauma. In particular, the occurrence, 

treatment and healing of osteochondral lesions was explored. Furthermore, instability of the talus 

in the varus and valgus osteoarthritic joint was investigated. Finally, the minimal invasive treatment 

of displaced intra-articular calcaneal fractures was assessed.

In this final section, the results per chapter will be summarized and discussed.

PART I: OSTEOCHONDRAL LESIONS

In Chapter 1, by using computed tomography (CT), the occurrence of osteochondral lesions of 

the talus in patients with unstable ankle fractures was investigated. Furthermore, a correlation 

between type of ankle fracture and osteochondral lesions was sought and osteochondral lesions 

were correlated to clinical outcome. Ten percent of investigated ankle fractures had osteochondral 

lesions on postoperative CT. Although no significant association between fracture type and 

osteochondral lesions was found, these lesions only occurred in Lauge-Hansen stage III/IV ankle 

fractures. These osteochondral lesions were left untreated. At one year, osteochondral lesions did 

not significantly affect clinical outcome.

Other investigators did find osteochondral lesions following ankle fracture to correlate to more 

severe ankle fractures44 and worse clinical outcome.20,44,48 In clinical practice, a pre-operative 

CT scan may often be performed in a patient with an unstable ankle fracture to analyze fracture 

characteristics and to specify the pre-operative plan.7,34 According to the results in Chapter 1, 

osteochondral lesions8,44 should be searched for, especially in patients with more severe ankle 

fractures. However, direct surgical treatment of these concomitant osteochondral lesions by 

arthroscopically assisted reduction and fixation (AARF) can not be recommended. Symptoms of 

such an osteochondral lesion may spontaneously resolve in time27 and non-operative treatment 

has been reported to be successful in 62% of patients.14 AARF of fragments is performed rarely 

(i.e. in 1% of patients)1 so experience is low. Two systematic reviews imply a benefit of AARF over 

conventional open reduction and internal fixation.11,32 The quality of these reviews and the 

included studies however is low.

In clinical practice, the focus should be on patients with persistent symptoms caused by the 

osteochondral lesions.42 Additional work-up with CT37,38,52 should be performed to determine 

the exact size and location of the lesion. MRI54 can be useful to detect chondral delamination, to 

assess stability of the lesion and accompanying bone marrow edema. Operative treatment may be 

initiated and various procedures exist to treat osteochondral lesions of the talus, such as fixation, 

debridement and bone marrow stimulation, osteochondral auto- or allografting or autologous 

chondrocyte implantation.58 Smaller lesions are treated by means of debridement and bone 
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marrow stimulation while larger lesions may be fixed or grafted.3 However, none of these methods 

has yet been shown to be superior over others in the treatment of osteochondral lesions of the 

talus.14

One of the treatment options for osteochondral lesions of the talus is the osteochondral 

autograft transfer (OAT).14 In OAT, grafts may be placed unbottomed to avoid graft protuberance 

or high cartilage impact forces upon insertion.55 Unbottomed grafts, especially combined to 

quick postoperative mobilization,29 may however subside.28 In Chapter 2, bottomed versus 

unbottomed osteochondral autografts were investigated in the ovine model with respect to 

histological and histomorphometrical healing. Results showed that unbottomed grafts had more 

graft subsidence than bottomed ones. Graft subsidence subsequently lead to worse histological 

and histomorphometrical healing. In the case of gross subsidence, there was fibrocartilaginous 

graft overgrowth, cystic lesions, osseous graft erosion and recipient edge site collapse. This 

effectively resulted in failure of OAT.

The advantage of OAT, in comparison to autologous chondrocyte implantation or bone marrow 

stimulation techniques, is the high amount of hyaline cartilage and low amount of fibrocartilage 

found in postoperative biopsies.16 Correct matching of cartilage curvature and thickness between 

donor and graft site is important.15,18 Implantation of an osteochondral graft in the talus restores 

contact mechanics nearly to the intact condition, provided graft position is within the most 

congruent position as possible, i.e. no more than 1 mm countersunk.18 This implies that a strict 

surgical technique is needed. If weightbearing as tolerated following OAT is to be implemented as 

standard practice,29 bottoming of grafts is advisable to prevent subsidence and subsequent worse 

histological and histomorphometrical healing.

In OAT, iatrogenic osteochondral defects are created in presumably non- or less-weightbearing 

areas of a healthy joint, predominantly the knee. Donor site morbidity is a common complication 

of OAT2 and research in how these defects heal is scarce.

In Chapter 3, the histological and histomorphometrical healing of osteochondral defects was 

investigated in the ovine animal model. These defects were specifically made in the weightbearing 

area of the femoral condyle, as biomechanical studies show that non-weightbearing areas do 

not exist in the human knee.21 Osteochondral defect healing in the ovine model started with 

subchondral bone plate restoration. At six months, incomplete and irregular subchondral bone 

plate restoration and incomplete filling of the osteochondral defects was common. This resulted 

in failure of osteochondral defect closure. There was collapse of cartilage and subchondral bone 

into the defect and cavitary lesion development. Also, degenerative changes in the newly formed 

fibrocartilage and adjacent native cartilage were seen.

In contrast to the 8.3 mm defects used in Chapter 3, seven mm osteochondral defects in the 

medial femoral condyle in sheep have a tendency to heal by endochondral ossification.36 This 

indicates that a size threshold might exist above which healing of osteochondral defects does not 



148

Thesis summary and discussion

occur. Similarly, location of the osteochondral defect19,41 and local biomechanical properties17,19 

may be of influence.

In humans, no correlation was found between donor site morbidity and size of the defect or the 

number and size of the donor plugs.2 Osteochondral graft harvesting in OAT must however be 

viewed critically. Similar degenerative changes in the donor site, as seen in Chapter 3, have been 

seen in humans.50

PART II: PERITALAR INSTABILITY

In end-stage posttraumatic ankle osteoarthritis, two-thirds of patients have a varus or valgus 

malalignment of the talus in the frontal plane.25,49 This implies that the talus may become 

destabilized in the otherwise highly congruent talocrural joint.

In part II of this thesis, the radiological morphology of the talus in peritalar instability23 was 

investigated. First, in Chapter 4, the most accurate radiographic method to determine talar three-

dimensional position in varus and valgus osteoarthritic ankles was assessed, by evaluating the 

reliability and validity of different radiographic measurements. The results showed that the frontal 

tibiotalar surface angle, sagittal talocalcaneal inclination angle, and horizontal talometatarsal I 

angle were most suitable in determining talar three-dimensional radiographic position in weight-

bearing varus and valgus osteoarthritic ankles.

In Chapter 5, with the most reliable measurement method as assessed in Chapter 4, the three-

dimensional position of the talus in the weightbearing varus and valgus osteoarthritic ankle 

joint was determined by using conventional radiography. Isolated frontal plane varus and valgus 

malalignment was only found in 33% and 52% of the ankles, respectively. The remaining 67% varus 

ankles and 48% valgus ankles had an additional malalignment in the sagittal and/or horizontal 

plane. Also, predominant three-dimensional malpositions of the talus were found in the varus and 

valgus osteoarthritic ankle joint.

The results in Chapter 4 and 5 imply that in the varus and valgus osteoarthritic ankle, a complex 

three-dimensional peritalar instability process may occur, resulting in talar malalignment in one or 

more planes. This peritalar instability process may be explained by the relatively low congruency 

and contact area of the subtalar joint, coupled to any combination of bony and ligamentous 

instability and muscle-tendon imbalance. In the absence of degenerative changes, the subtalar 

joint may compensate for frontal plane instability.53 If compensation fails, patients may benefit 

from reconstructive ankle surgery procedures.22 Following ankle surgery, a well-balanced ankle 

joint in the frontal plane is associated with improved outcome.10,31,43,57

According to Chapter 5, careful attention to talar position in peritalar instability, not only in the 

frontal but also horizontal and sagittal plane, is important in rebalancing the talus within the 

mortise. Rebalancing procedures, such as supra- and inframalleolar osteotomies, medial arch 

osteotomies, subtalar and talar arthrodesis, ligament reconstructions and tendon transfers must 

take into account the various forms of peritalar instability. In addition to conventional radiography, 
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peritalar instability might be assessed by using weightbearing CT, which is increasingly being 

used in the assessment of three-dimensional peritalar joint configuration,12,13,26,30,33 hindfoot 

alignment24,35 and talar geometry.40,56

PART III: CALCANEAL FRACTURE SURGERY

The final part of this thesis focused on the operative treatment of displaced intra-articular 

calcaneal fractures. The most commonly used extended lateral approach for these fractures is 

hampered by significant postoperative wound healing complications.51,59 The less invasive sinus 

tarsi approach was developed to minimize these complications. In Chapter 6, postoperative 

fracture reduction and stability at follow-up was evaluated in the sinus tarsi approach by using 

CT and conventional radiology. The sinus tarsi approach resulted in good to excellent posterior 

facet reduction in 64% of patients with Sanders type II and III displaced intra-articular calcaneal 

fractures. At follow-up, no loss of reduction occurred at the posterior facet.

To investigate whether the sinus tarsi approach indeed results in fewer postoperative wound 

healing complications when compared to the extended lateral approach, a systematic review 

and meta-analysis of the literature was performed. Chapter 7 showed that the risk of developing 

a wound infection decreased with as much as 80% when the sinus tarsi was used, compared to 

the extended lateral approach. Postoperative wound healing complications occurred in 24.9% 

and 4.9% (weighted means) of calcaneal fractures treated by the extended lateral and sinus tarsi 

approach, respectively. Despite the less invasive approach, quality of reduction was not negatively 

affected by the sinus tarsi approach. Also, time to surgery and operative time were shorter in the 

sinus tarsi approach.

The less invasive sinus tarsi approach thus offers satisfying and stable fracture reduction. Anatomic 

fracture reduction in the sinus tarsi approach has recently been confirmed in a large patient 

population.45 Despite limited stripping of soft tissues, posterior facet exposure is sufficient for 

direct fracture reduction.5 Restoration of calcaneal anatomy is furthermore facilitated by means 

of percutaneous reduction and ligamentotaxis.46 Stable fixation of calcaneal fractures with 

longitudinal percutaneous screws and lateral to medial posterior facet screws has also been 

affirmed biomechanically. Strength of fixation was similar47 or better39 when compared to 

standard plate fixation, as commonly used in the extended lateral approach.

In addition, the sinus tarsi approach significantly reduces the chance of postoperative 

wound healing complications when compared to the extended lateral approach. Following 

a postoperative wound healing complication, there is a tendency towards worse functional 

outcome.4 Also, postoperative wound healing complications are associated with increased costs.9 

In clinical practice, if operating on patients with displaced intra-articular calcaneal fractures 

(Sanders type II and III), it is thus advisable to use the less invasive sinus tarsi approach.
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In conclusion, this thesis has investigated the acute and chronic aspects of common hindfoot 

injuries, in terms of diagnosing, understanding and treating these injuries. The research in this 

thesis can be of benefit in future investigations and in formulating diagnostic and treatment 

protocols for better patient-centered care.
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