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ABSTRACT

Background: Inward curling of the barbs of Meniscus Arrows during degradation was observed in a
previous study, in which swelling, distention, and water uptake by Meniscus Arrows was evaluated. 
This change of confi guration could have consequences with respect to anchorage capacity in bone.fi

Material/Methods: Eight non-degraded Meniscus Arrows in the original confi guration were pulled fi
out of thawed, fresh-frozen human femoral condyle, and pull-out force was measured and compared 
with that of 6 Meniscus Arrows after 31 days of degradation under controlled conditions.

Results: No significant difffi  erence was found between the 2 groups with respect to the required pull-ffff
out force (t test), the distribution of the data, or the interaction between degradation and location,
as evaluated by Mann-Whitney test, and no significant difffi  erence was found between the 2 groups ffff
with respect to the degradation state or position in the condyles, as evaluated by 2-way analysis of
variance.

Conclusions: Our results indicate that the decrease in barb-barb diameter during the first month of fi
degradation of the Meniscus Arrows has no significant efffi  ect on the tensile pull-out force requiredffff
for removal from human femur condyle.  Further research should be undertaken to examine whether
the same is true for other biodegradable devices with barbs.
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Is the pull-out force of the Meniscus Arrow® in bone aff ected by the inward curling of the barbs?

BACKGROUND

Metallic fi xation devices such as screws,fi 1,2 pins3–5 and staples6 are generally used to fi x small bony fi

fragments in fracture treatment. Most require a second procedure for removal. When inserted into 

joints, removal is, in most circumstances, obligatory to prevent damage of the opposing cartilage.

Even when embedded under the cartilage surface, protrusion can occur.7,8 Removal prevents 

scattering during computed tomography or magnetic resonance imaging and also prevents 

localized tissue reaction9–11

The use of biodegradable devices obviates the need for removal and researchers have spend the 

last three decades in the development of  appropriate materials and devices. 

At present, diff erent biodegradable polymers, such as polydioxanone, polyglycolic acid, andffff

polylactic acid and their co-polymers, combinations or blends are available. Biodegradable screws

or pins are applied for small fragment fixation in fracture treatmenfi t or treatment of osteochondritis

dissecans. Screws and pins have specifi c advantages and disadvantages. Biodegradable screws fi

produce the required compression, but their current minimal head diameter of 3 mm is considerable 

for the often fragile fragments. In addition, at least 2 devices are necessary to achieve rotational 

stability. Furthermore, during the degradation process, wear of the opposing cartilage and local 

tissue reactions can occur.12,13 Biodegradable pins do not share these disadvantages, but do not 

provide compression.14,15

The Meniscus Arrows (MA; (ConMed Linvatec Ltd, Tampere, Finland) is a biodegradable nail-

like device composed of L-DL(80/20) self-reinforced lactide copolymer with a very small core

diameter (1.0mm), barbs and a small, fl at head (Figure 1). Originally designed to mend ruptured fl

menisci, the anchorage of MA’s in bone was examined in previous in vitro study to evaluate the 

potential application in fi xing small cartilage-bone fragments in the treatment of osteochondritisfi

dissecans and small fragment fracture surgery16  Theoretically, biodegradable polymers swell during

degradation, which could prove an additional advantage for the use of biodegradable implants in 

fracture fi xation. Their hold in bone would increase like an expanding bolt. For gels this distentionfi

Figure 1:  the Meniscus Arrow®
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is variable17–21 and we found that the swelling of MA’s  is negligible with respect to this mechanical 

aspect.22 In the same study we observed consistent inward curling of the barbs of all MA’s during

the degradation process (Figure 2).22 This phenomenon could result in a decreased hold in bone. 

Therefore, the aim of the present study was to evaluate the potential influence of this inward curlingfl

of the barbs on the required pull-out force from the bone. 

Figure 2: a: a non degraded Meniscus Arrow®           
b: after 31 days of immersion in a sterile saline solution
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Is the pull-out force of the Meniscus Arrow® in bone aff ected by the inward curling of the barbs?

MATERIAL AND METHODS 

Group 1 (non- degraded MA’s) consisted of eight MA’s, retrieved directly from the packing. In group

2 (degraded MA’s), six MA’s were submerged over a period of 31 days in a sterile phosphate bufferedffff

saline (Pharmacy of the University Medical Centre, Groningen, The Netherlands) at 37º C. The 

solution was changed twice a week under sterile conditions. A degradation period of 31 days was

selected because this period is the expected initial consolidation time for small fragment fractures 

in humans. 

Figure 3: sequence of pulling out from the femur condyles. (see for color image: page 142)

Figure 4: a: start of the extraction of the fi rst Meniscus Arrow® from hole 1fi
b: start of the extraction of the second Meniscus Arrow® from hole 2 

                    (see for color image: page 142)
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For the experiment, 18 holes of 1.0mm in diameter were drilled into both condyles of a thawed, 

previously fresh frozen human cadaver femur, to exclude the influence of potential difffl erences of ffff

local bone density (Figure 3). Alternating non-degraded and degraded MA’s, were then via a hole in 

an extracting device and gently hammered into each drill hole (Figure 4a). Standard hand-insertion 

instruments were used. The MA’s were subsequently pulled out, using an Instron 1195 draw bench 

(Instron, 825 University Ave. Norwood, MA 02062-2643, USA). The load cell measured 1000newtons 

(N) maximum, with a scale set at 0N – 200N. The extraction speed applied to the device was 5mm

/ min.

Statistical analysis

The results were statistically analyzed by t-test, Mann-Whitney test and 2-way analysis of variance.

RESULTS

In group 1, the peak required pull-out force of the eight non-degraded MA’s ranged from 12.82N 

to 41.19 N with an average ±standard deviation of 28.61N±11.17 (table 1). In group 2, the required

pull-out force for degraded MA’s ranged of 12.80N to 34.22N, with an average of 21.83N±7.63N.

The average extraction force of the new, non-degraded MA’s and the degraded MA’s did not differffff

significantly (t-test: fi P= .23, 95% confidence interval for the difffi erence in means: [ - 4.8 ; 18.4]). Inffff

addition, the spread of the results did not differ signififfff cantly (Leven\’s testfi P=.16). Results of 2-way 

analysis of variance showed no significant difffi erence between degradation and location (ffff P= .7),

between degraded or non-degraded MA’s (P= .15) or between location on the lateral- in the lateral 

or  medial condyle (P=.14).

DISCUSSION

The use of biodegradable devices is advantageous if the fi xation lasts long enough to allow  for fi

consolidation with minimal damage to the fi xed bony fragments and if the degradation occurs fi

without adverse eff ects.ffff

The Meniscus Arrow is one such potential fixation device,fi 14,15,22 but the inward curling of the barbs, 

encountered in our previous study22 could lead to decreased anchorage in the bone over time. We

found no other reports describing this curling or its potential effect on the hold of MA’s or other ffff

biodegradable devices. This provided the impetus for the present study.

Although the inward curling of the barbs after a degradation period of 31 days suggests that this

could lead to a decrease of the anchorage to a solid material such as bone, this is not confirmed in fi

the present  study. Therefore, this phenomenon does not appear to interfere with the application of 

MA’s in fixing  small bony fragments in fracture surgery or in osteochondritis dissecans.fi
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CONCLUSIONS

The inward curling of the barbs of MA’s during degradation did not affect the anchorage in bone in ffff

our tests.

Whether other biodegradable devices with barb-like restraints deform spontaneously during 

degradation as will require additional research.
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