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Shear strength of cancellous bone after 
osteotomy fixed with absorbable 
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The right distal femur of 42 adult rabbits was osteotomized and fixed with two 1.5 mm in 
diameter metallic Kirschner wires, self-reinforced polyglycolic acid (SR-PGA, Biofix®), or self- 
reinforced poly-L-lactic acid (SR-PLLA) rods. Follow-up times were 6 and 12 weeks. The 
shear strength of 30 pairs of femora was investigated. The strength of osteotomized bones 
was compared with the non-osteotomized controls. After six weeks the operated femora had 
reached 70, 69 and 71% shear strength in metallic, SR-PGA and SR-PLLA groups, 
respectively. After 12 weeks the shear strength values were 75, 79 and 73%, respectively. 
There was no statistically significant difference in shear strength values between the groups. 
Twelve pairs of femora were studied with microradiographic, oxytetracyclic fluorescence, and 
histologic methods. Normal bone healing was seen in these samples. Metallic and SR-PLLA 
implants caused slight foreign-body reaction with giant cells and SR-PGA rods led to slight 
infiltration of macrophages and foam cells. 

1. Introduct ion 
Absorbable polyglycolic acid (PGA) sutures (Dexon ®, 
Davis & Geck) have been commercially available 
since 1970. Nowadays PGA is widely used in soft 
tissue surgery; it has also been used for fracture fix- 
ation in clinical studies as self-reinforced (SR) rods 
[2, 13, 19] and screws [17]. The use of SR-PGA 
devices in bone surgery is limited to cancellous bone 
because its strength is rapidly lost in tissue [25, 26]. 
Another biodegradable polyester suitable for fracture 
fixation is polylactic acid (PLA). From the early 1970s 
PLA isomers, like poly-DL-lactic acid (PDLLA), and 
poly-L-lactic acid (PLLA), have been used as sutures 
[43, rods [15, 16], sheets [5], and ptates and screws [1, 
7, 8] to fix fractures and experimental osteotomies. 
PLA has been used mainly in veterinary and experi- 
mental studies. The first clinical trials with the SR- 
PLLA screws are currently being performed [17]. 

The totally biodegradable polymers have been 
proved to be biocompatible and welt-tolerated by soft 
and bone tissue [6, 7, 12, 14-16, 23]. The mechanically 
strongest fixation devices have been made by self- 
reinforcing techniques [25]: the molecularly highly 
oriented polymer-fibres with a matrix from the same 
material are transformed into the rods, screws or 
plates at high temperatures and pressures [18, 223 . 
The mean initial bending strength of 2.0 mm in diameter 
SR-PGA rod is 260 MPa, the bending modulus is 10 
GPa, and the shear strength is 190 MPa; the shear 

strength of the rod decreases to the level of cancellous 
bone in four to five weeks in the subcutis of rabbit 
[18]. PLLA has been reported to have better strength 
characteristics than PDLLA and thus it is more suit- 
able for internal fixation devices [9, 16, 28]. The mean 
initial bending strength of 2,0 mm in diameter SR- 
PLLA rod is 180 MPa, bending modulus 7 GPa, and 
shear strength 110 MPa, and the rod loses its mechan- 
ical properties after 48 weeks [18]. 

The results of treatment of cancellous bone frac- 
tures, osteotomies, and arthrodeses using Kirschner 
wire fixation have been good. Often the Kirschner 
wires tend to move from the drill holes and they cause 
discomfort to the operated patient by pressing the skin 
or the nerves until the wires are removed. The benefit 
of absorbable fixation devices is that no removal 
operation is required. 

The purpose of the present study was to investigate 
whether the mechanical strength of cancellous bone 
after experimental osteotomy fixed with the absorb- 
able SR-PGA or SR-PLLA rods is as good as with the 
Kirschner wire fixation. 

2. Mater ials and methods 
2.1. Experimental animals, anesthesia 

and operation 
Forty-two conventionally grown adult rabbits wei- 
ghing over 2.5 kg were used. They were anesthetized 
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with subcutaneous ketamine (Ketalar ®, Parke-Davis) 
30-40mgkg -~, medetomidine (Domitor ®, L~ifike- 
farmos) 0.2-0.3 mgkg -t ,  and diazepam (Diapam ~, 
Orion) 1.0 mgkg -1. Atropin (Atropin e, Orion) 0.5 
mg kg-a was given subcutaneously to prevent bron- 

chospasm. Preoperatively 50000 IU/kg procain peni- 
cillin (Procapen ®, Orion) was given as an infection 
prophylaxis. 

The right knee was shaved and scrubbed with 80% 
ethanol. A medial parapatellar arthrotomy was made 
and the patella was dislocated laterally. The distal 
femur was exposed and the cancellous bone osteo- 
tomy was made with a diamond saw so that there 
was no bone connection between the fragments 
(Fig. 1). After reduction two 1.5 mm holes were drilled 
from the intercondylar space to the medial and lateral 
cortex of the femur (Fig. 1). The osteotomy was fixed 
with two 1.5 mm in diameter metallic rods (Kirschner 
wire), two ethylene oxide sterilized SR-PGA rods 
(Biofix®), or two gamma-sterilized (dosage 2.5 Mrad) 
SR-PLLA rods (material: Boehringer-Ingelheim, M w 
250 000, rods made by Tampere University of Techno- 
logy). The incision was closed in layers by 3-0 PGA 
sutures (Dexon®). 

2 . 2 .  P o s t o p e r a t i v e  c a r e ,  killing and specimens 
No postoperative external Support was used and the 
rabbits were allowed to move freely in their cages. 
After a follow-up time of six or 12 weeks the rabbits 
were killed, and both femora were exarticulated, dis- 
sected and radiographed. The shear strength values of 
30 pairs of femora were investigated. Twelve pairs 
were evaluated by microradiographic, oxytetracy- 
cline-fluorescence, and histologic analysis (Table I). 
Two days before killing, the rabbits in the histologic 
group were injected with oxytetracycline (OTC, 
Terramycin ®, Pfizer) 50 mg kg- 1 day- 1 intra muscu- 
larly, for OTC-fluorescence studies. 

2.3. Examination me thods  
Both femora were radiographed in the anteroposterior 
and medial projections (target-tube distance 120 cm, 
exposure factors 40 kV, 12 mAs, 0.03 s). The visibility 
of the osteotomy line, the callus formation, malposi- 
tions and the final healing of osteotomy were exam- 
inated from the radiographs. 

The shear force was measured within 30 h from the 
killing; the specimens were retained in 20 °C 0.9% 

T A B L E  I Examination groups and number of rabbits 
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Figure 1 Right femur of rabbit in (a) anterior and (b) lateral views• 
Osteotomy line is shown by dashed line and fixation rods by double 
dashed lines• 

Examination method Follow-up time Fixation material Total 
(weeks) 

Met PGA PLLA 

Shear strength 6 5 5 5 15 
MRG, OTC, histol. 6 2 2 2 6 
Shear strength 12 5 5 5 15 
MRG, OTC, histol. 12 2 2 2 6 

Total 14 14 14 42 

Met: metal (Kirschner-wire), PGA: SR-polyglycolide, PLLA: SR-poly-L-lactide, Shear strength: shear strength analysis, MRG: micro- 
radiographical analysis, OTC: oxytetracycline-fluorescence analysis, histol.: histological analysis. 
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NaC1 solution. Before testing, all metal and PLLA 
implants were taken away to avoid increasing forces 
because of implants. In one bone in the six-week 
PLLA group it was impossible to remove the rods 
without breaking the bone and they were thus inside 
the drill holes during the measurement (Table II). The 
shear force, F, was measured using JJ 5003 tensile 
testing equipment (J. J. Lloyd Instruments, England) 
with a testing speed of 10mmmin -1 at 20°C. The 
osteotomized femora were tested through the osteo- 

(b) 

Figure 2 Shear force measurement with tensile testing equipment JJ 
5003 (a) measuring begins, (b) the broken bone, and (c) a typical 
force against time curve. 

tomy line and the left non-operated femora were 
tested in a similar way (Fig. 2). The shear strength, ~, 
was calculated using 

c~ = F / A  

where F is the shear force at the fracture and A is the 
surface area which was determined from the photo- 
graphs taken of the shear surface. The shear forces and 
strengths of the osteotomized femora were divided by 
those of non-osteotomized controls, thus giving com- 
parative forces and strengths. 

For microradiographic, OTC-fluorescence, and 
histologic analysis, the distal third femora of 12 
rabbits was fixed in 70% ethanol and embedded 
in methylmethacrylate. For microradiographic and 
OTC-fluorescence studies, longitudinal 80 pm thick 
sections were cut with a saw microtome (Leitz 1600). 
For histologic analysis 5 ~tm thick sections were cut 
with a Jung Polycut S-microtome and stained using 
Masson-Goldner's method. 

For statistical analysis, two way analysis of variance 
analysis and Student's t-test with two tailed inter- 
pretation were uscd. 

3. Resu l t s  
3.1. Shea r  forces  and  s t r eng th s  
The shear force and strength values are presented in 
Table II. The mean shear strength of the normal 
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femoral cancellous bone of rabbit (control femora) was 
6.1 (SD 1.6, range 2.3-9.3) MPa. After 6 weeks the 
shear strength of all osteotomized femora was 3.9 (SD 
1.2, range 2.7-6.2) MPa, and after 12 weeks it was 5.0 
(SD 1.5, range 3.8-7.2) MPa. After 6 weeks the osteo- 
tomized femora had reached 70% comparative shear 
strength, and after 12 weeks it was 76%. No statist- 
ically significant differences were found between 

metal, SR-PGA, and SR-PLLA-groups. All groups 
showed statistically significant increase of strength 
between 6and 12 weeks (p < 0.05). 

3.2. Radiographic  results 
Radiographically all fixations succeeded. No malposi- 
tions were found. After 6 weeks (Fig. 3) the osteotomy 

Figure 3 Antero-posterior and medial radiographs of operated femora at six weeks. Arrows indicate the places of osteotomies. (a) Kirschner 
wire, (b) SR-polyglycolide rod, and (c) SR-poly-L-lactide rod fixation. Note the clearly visible fixation rod channels in (a), osteotomy line and 
moderate external callus in (b). 
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Figure 3 Continued 

TABLE II Mean shear forces and strengths and comparative values 

Fixation material Met PGA P L L A  Met PGA PLLA 

Follow-up (weeks) 6 6 6 12 12 12 
Number of animals 5 5 5 5 5 5 

F o [SD] 678 [256] 488 [101] 647 [210] 615 [169] 804 [136] 578 [1tl] 
F c [SD] 774 [210] 632 [218] 770 [202] 726 [127] 868 [128] 652 [147] 
Fo/F c (%) 88 77 84 85 93 89 

c% [SD] (MPa) 4.2 [1.2] 3.7 [1,3] 4.0 [0.9] 4.9 [2.0] 5.9 [1.4] 4.2 [0.6] 
cT c [SD] (MPa) 6.0 [1.1] 5.4 [1.7] 5.6 [1.4] 6.5 [1.7] 7.4 [1.3] 5.8 [2,2] 
C~o/C~ c (%) 70 69 71 75 79 73 

Met: metal (Kirschner-wire), PGA: SR-polyglycolide, PLLA: SR-poly-L-lactide. In 6 weeks PLEA group, PLLA rods were sheared within the 
bone in one case out of five. Fo: Mean shear tbrce of the osteotomized femurs at the fracture, Fc: Mean shear force of the control femurs at the 
fracture, Cro: Mean shear strength of the osteotomized femurs, Cyc: Mean shear strength of the control femurs; SD: One standard deviation. 

was most  visible in S R - P G A  group  (p < 0.05), and 
after t2 weeks there were no differences. Callus forma- 
tion and final healing of  os teo tomy did not  show any 
differences between the groups. 

3.3. Microradiographic, OTC-fluorescence, 
and histologic results 

At six weeks, microradiographic  analysis (six rabbits) 
showed complete union in five fixations and one 
nearly complete union in the SR-PGA-group .  New 
bone was extracortically observed in every sample. 
OTC-fluorescence studies showed increased uptake 
along the os teo tomy line, in the periosteal area, and 
a round  the implant  in every sample and there were no 
significant differences between the groups. Histologic 
analysis revealed some connective tissue a round  the 
implants in every group. Fore ign-body  reaction and 
macrophages  were seen a round  the implant  holes in 
the metal group. In one PGA-sample ,  proximally f rom 

the os teo tomy line, there was a little inf lammatory 
focus containing mainly lymphoblasts  from the bone 
mar row and some lymphocytes.  Some liponecrosis 
was seen in this inf lammatory area. Macrophages  and 
foam-cells were found in the P G A - g r o u p  and in 
PLLA-samptes  one giant cell was observed. 

At 12 weeks, microradiographical ly  complete union 
was seen in five of  six fixations and one nearly com- 
plete union in the SR-PGA-group .  New bone was 
extracortically observed in every sample. In the O T C -  
fluorescence analysis an increased uptake was noticed 
periosteally, in the os teotomy line, and a round  the 
implants. Histologically some connective tissue was 
seen surrounding the implants in every sample but  no 
inf lammation was found. Some active osteoblasts, in 
the implant  hole, and a few giant cells could be seen in 
the metal group. In the P G A - g r o u p  many  foam cells 
were seen full of the PGA-material .  Reinforcing P L L A  
fibres with granulat ion tissue and capillaries intruding 
between them were observed in one P L L A  sample. N o  
inf lammation was noticed in the P L L A  group. 
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4. Discussion 
For an orthopaedic surgeon the most interesting fac- 
tor in bone healing is the time required for the bone to 
repair its strength to bear the forces caused by move- 
ments and the mass of the body. 

The mechanical properties of cancellous bone varies 
a lot as a function of anatomic position and loading 
direction. The most commonly studied mechanical 
factor of trabecular bone is compressive strength. It 
varies from 0.03 to 310MPa (mainly between 
1-15 MPa) when measured from fresh or fresh frozen 
samples of human bones [10]. The elastic modulus of 
cancellous bone varies from 1.1 to 9800 MPa in differ- 
ent places in the human skeleton [-10]. 

Studies concerning the shear properties of cancel- 
lous bone are rare. Halawa et al. [11] investigated the 
shear strength of human femur and the strength values 
varied between 1 and 17 MPa. Saha and Gorman [20] 
measured shear strengths of human femoral samples: 
the strength of proximal cancellous bone was 4.6 MPa 
(SD 3.1) and in distal part 3.7 MPa (SD 1.9). Shear 
strength of bovine humeral trabecular bone is re- 
ported to be 6.6 MPa (SD 1.7) [21]. Claes et al. I-3] 
studied the shear strength of subchondral cancellous 
bone of the femoral condyles of sheep. The strength of 
the normal bone was 11.5 MPa (SD 2.1) and three 
months after osteotomy fixed by three polydioxanone 
pins it had reached 80% (mean 9.5, SD 4.0 MPa) of its 
initial strength. In the present study the mean shear 
strength of rabbit's intact distal femoral cancellous 
bone was 6.1 MPa (SD 1.6). Six weeks after the 
osteotomy the strength of the bone was 70% of the 
strength of non-operated controls, and after 12 weeks 
it was 76%. 

The comparative shear forces were higher than 
shear strengths: 83% after 6 weeks and 89% after 12 
weeks. First the damaged bone builds abundantly 
connective tissue and weak cancellous bone thus 
quickly getting stronger and the force required to 
break the bone increases. After this it is time for 
remodellation and the microstructure of the bone 
organises responding to the stress, and so the bone 
yields its initial strength. 

The left unoperated femur was used as a strength 
control. White et al. [29] wanted to resolve if the 
contralateral bones are comparable. They tested 
humeri and tibiofibulae of 34 rabbits by torsional 
loading: No pattern of right or left dominance emer- 
ged. Statistical analysis showed that the observed 
differences were probably due to biologically normal 
variation. White et al. also demonstrated that the use 
of a paired experimental design ismore efficient than 
an unpaired design in terms of the number of animals 
required to achieve a given level of statistical signifi- 
cance. In the present study, cancellous bone was in- 
vestigated instead of cortical bone, but it was sup- 
posed that the same principle applies. 

The radiographic results were good, and this sup- 
ports the results reported before in both experimental 
[24] and clinical studies [-2, 13, 25]. The visibility of 
the osteotomy line was significantly better in the 6 
week SR-PGA group than in the other groups. This 
could be interpreted as being caused by too rapidly 
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decreasing strength of SR-PGA, facilitating micro- 
movements in the osteotomy plane. However, this 
radiographic differency had no correspondence in the 
shear strengths. Microradiographic and OTC-label- 
ling analysis showed normal bone healing and re- 
vealed no differences between the metallic, SR-PGA 
or SR-PLLA fixing groups. Similar results have been 
reported by Vainionp~i~i et al. [-24], Vasenius et al. 

[27], and Majola et al. [16]. 
The PGA material evoked only a minimal inflam- 

matory response in rat subcutis [12]. No signs of 
delayed inflammation reaction or foreign-body reac- 
tion were observed in studies with PGA implanted in 
bone tissue [-23, 27]. One inflammatory reaction with 
lymphoblasts and lymphocytes was found in one SR- 
PGA sample. Some liponecrosis was seen in this 
inflammatory area; it was thought that this necrotic 
area was the cause of inflammation and the presence 
of cells from the bone marrow. It has been reported 
that PLA induces a mild foreign-body reaction with a 
few giant cells [-4, 14, 16]. This giant cell reaction was 
also observed with PLLA and metallic implants. 

When compared with the Kirschner wire fixation it 
seems that using the absorbable SR-PGA and SR- 
PLLA rods does not have an effect on the healing of 
bone as a weight and stress bearing structure. 
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