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FOREWORD 

This book is intended for surgeons, nurses, and other hospital personnel dealing with 
bioabsorbable fixation devices as well as for all personnel invblved at different stages before, 
during, and after the clinical use of these devices. The book gives information about what has 
been necessary to do before the accomplishment of these devices, in other words what is 
required to put the ideas into practice, but it also serves as a guide of the surgical technique 
used in this connection. 

All people are certainly interested to know that the treatment of certain fractures and injuries 
can be carried out as one-stage operation and that the fixation device gradually loses its 
strength during fracture healing and later, after complete healing, totally vanishes. 

Among the earlier publications of the present authors are, for example, Biofix Kirja 1994 (in 
Finnish), Self-reinforced bioabsorbable polymeric composites in Surgery 1995, and Absorbable 
Fixation in Orthopaedic Surgery (AFOS) 1996 as well as many booklets and scientific articles. 
Altogether nearly 1000 different types of written texts are, a t  the moment, on our publication 
list. To our knowledge, the present book, "Bioabsorbable fixation in traumatology and 
orthopaedics (BFTO)", represents today's largest experience and kowledge of these items from 
one department. Therefore the results of treatment together with the problems related to this 
new technique are presented in this connection. 

We are grateful to the many persons who in differenct ways have contributed to the preparation 
of this book. 

The Authors 
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INTRODUCTION 

Within traumatology and orthopaedics metallic implants have been in use for decades. Their 
appearances and the  alloys have developed but they still often require a removal operation. 

The first operations on ankle fractures using biobsorbable devices, performed in 1984, showed 
that a new era had started in bone surgery. Besides the fact that  biobsorbable devices need no  
removal, they have other clinical advantages as well. So far they are principallv used within 
spongious and small cortical bone but also in soft tissue fixations as in ligament injuries, 
meniscal ruptures, and Bankart lesions. 

The present book concentrates on the use of bioabsorbable materials within traumatology and 
orthopaedics. The background of the book comprises almost twenty academic dissertations and 
nearly 1000 scientific publications. The first report was published in The Lancet in 1985. 

References 

Rokkanen P. Bostrnan 0. Vainionpaa S,  Vihtonen K, Tor~nala  P, Laiho J, Kilpikari .JI Tamminmaki 
M: Biodegradable implants in fracture fixation: early results of treatment of fractures of the  ankle. 
Lancet 1: 1422-1424. 1985 



MATERIALS, DEVICES, AND MANUFACTURING 

History of the development of bioabsorbable devices and 
their material characteristics 

Bioabsorbable surgical devices offer certain definite advantages over metallic devices in fracture 
fixation. A bioabsorbable device maintains the  stability of the  fixation, but as it gradually loses its 
strength and is degraded, the stresses are transferred to the healing bone. Thus,  the  adverse 
effects of long-term stress protection on bone provided by metallic devices are avoided. Therefore 
the bone itself heals better than by using metallic devices of stiffness 10-20 times greater 
compared to that of bone. Also, the use of bioabsorbable implants abolished the  need to remove 
the fixation device. This is of considerable financial importance. The development of suitable 
bioabsorbable devices has, however, proved to be laborious. 

Early attempts to develop bioabsorbable devices were based on the experiences obtained from 
devices manufactured with melt moulding techniques (e.g. extrusion and injection moulding). 
Successful development of metallic fixation devices during the  last decades showed that  secure 
fixation materials of bone fractures m u s t  have relatively high strength values. These requirements 
are not  fulfilled by non-reinforced bioabsorbable polymeric devices manufactured with melt 
moulding techniques. Therefore. in the  late 1970s. we made another approach to the 
fundamental questions involved in bioabsorbable fixation. We concluded that  the high 
requirements of strength of the fixation materials are best fulfilled by developing self-reinforced 
(SR), bioabsorbable composites (e.g. Tormala 1992, 1993, Rokkanen and Tormala 1995, Tormala 
and Rokkanen 1995). 

Self-reinforced, fibreous structure of SR-PLLA. 

History of the development of bioabsorbable implants 

In 1966 Kulkarni et al. showed that bioabsorbable PLLA can be used for synthetic material of 
surgical implants. 111 allimal experiments Kulkarni et al. (1971) used PDLLA rods to  fix 
mandibular fractures il l  dogs. Tlle rate of healing was the same as that  in controls where stainless 
steel pins were used. .-liter eight ~ ~ l o i l t h s  the  PDLL4 pins had disappeared from the  fracture site. 
Due to the disadvatlt;lges ot rigid fixation. the use of bioabsorbable (polvglycolide acid) devices in 
the fixation of fractures of the long bones on the  basis of animal experiments was suggested by 
Schnlitt and Polisti~la ilSGS). Polylactic acid devices were successfully used in the  fixation of 
orbital fractures i l l  rhesus n~onkeys  (Cutright and Hunsuck 1972). Regardless of the  experimental 
results, these inlplallts were not applied clinically. Getter et al. (1972) used the  polylactide. a 
high-molecular weight polynier resulting from the  addition of certain catalysts to  the  lactide - 

dimer of lactic acid. 111 their experiments plates and screws of this material were used in the 
fixation of mandibular fractures in dogs. The material was well tolerated by the  tissues. the 
fractures healed well. and the  fracture sites were undistinguishable from the  adjacent bony areas 
after 32 weeks. 



Some early experimental studies using bioabsorbable polymers as fixation devices also in fractures 
of the long bones have been made, though without success, justifying their use in clinical 
practice (Alexander et al. 1981, Vert et al. 1981, Christel et al. 1982). 

Roed-Petersen (1974) reported favourable results using an absorbable polyglycolic acid suture for 
internal fixation of fractures of the human mandible together with intraoral metallic arch bars. 
and Rokkanen et al. (1985) used PGNPLA rods successfully in the fixation of displaced ankle 
fractures; since then, these techniques have been presented in several congresses (e.g. Leung et 
al. 1994). 

The materials, such as polyglycolic acid (PGA), polylactic acid (PLLA), 
and polydioxanone (PDS) 

Polyglycolic acid with low molecular weight was synthesized by Bischoff and Walden in 1893. 
Biodegradable poly-alfa hydroxy acids are most  commonly synthesized in the ring opening 
polymerization of the cyclic diester, glycolide or lactide, and. since 1954, they have been known 
to possess plastic properties (Higgins 1954, Lowe 1954, Schneider 1955). 

Polyglycolic acid with high molecular weight is a hard, tough, crystalline polymer rnelting a t  
about 224-226°C with a glass transition tetnperature of 36°C. Unlike closely related polymers. 
such as PLA and polv-beta-hydroxy butyric acid (PHBA), PGA is insoluble in most  of the common 
polymer solvents. A polymer useful for fibre extrusion has a molecular weight range from 20.000 
to 145.000 (Frazza and Schmitt 1971). PGA was developed as an absorbable synthetic suture and 
a copolymer of 92 per cent PGN8 per cent PLA 1975 (Gilding and Reed 1979). Polvlactic acid is 
a pale polymer melting at about 174°C with a glass transition temperature of 57°C (Vert et al. 
1981). 

Polydioxanone (PDS) is a colourless, crystalline polymer which is produced by polymerizing para- 
dioxanone by a ring opening method in the presence of a suitable catalyst (Doddi et al. 1977). 
The melting and glass transition temperatures of PDS are 110°C and -lG°C, respectively, which 
means that a t  room temperature PDS is very flexible and elastic. The Young ~nodu lu s  of PDS 
suture (size 0-0) is 1.6 GPa (Doddi et al. 1977). PDS was introduced as a synthetic biodegradable 
monofilament suture with a molecular weight of about 63.000 (Ray et al. 1981). 

Processing from raw materials through the production of the implant 

Polyglvcolides, polylactides. and their copolymers can be produced from certain monomers by 
polim&zation (e.g. Nieuwenhuis 1992). 

Glycolic acid can be produced by hydrolysis of molten ~nonochloroacetic acid with 50  % aqueous 
sodium hydroxide a t  90-130°C. The resulting glycolic acid solution has a concentration of ca. 60 
% and contains 12-14 O/b sodium chloride. The salt may be removed by evaporative concentration 
followed by extraction of the acid with acetone. Glycolic acid can be produced by treating 
formaldehyde or trioxymethylene with carbon monoxide and water in the  presence of acid 
catalysts a t  > 30 MPa. 

PLLA is know to be a semicrystalline. biodegradable thermoplastic material which is available 
iron1 renewable resources. The starting compound, L-lactic acid (2-hydroxy-propanoic acid) can 
be produced by several fermentation and chemical derivation treatments of biomass materials, 
such as rriolasses or potato starch. PLLA polymer eventually returns to the same source after 
being gradually hydrolyzed in the environment. In cases where high molecular weight is 



described, L-lactic acid is usually first converted into L-lactide followed by ring-opening 
polymerization of this crystalline compound, either in the bulk or in solution. 

Material characteristics, structure, and mechanical properties, in vitro and in vivo 

Partially crystalline, linear-chain absorbable polymers, such as polyglycolic acid and poly-L-lactid 
acid, show only modest mechanical strength when manufactured with non-reinforcing 
techniques. When part of the microstructure of the polymer is transformed into oriented 
reinforcement elements (as groups of oriented polymer chains fonning morphological structures, 
such as microfibrils, macrofibrils, fibres or extended-chain crystals etc.), the mechanical strength, 
modulus, and toughness of these materials increase significantly. 

The most effective way to create a self-reinforced structure into the biodegradable polymer is the 
mechanical deformation of non-reinforced material. Different modes of deformation, such as free- 
drawing, die-drawing, shearing, rolling etc., are possible, resulting in different kinds of 
microstructure. However, a common feature in all deformation processes is the induction of 
oriented self-reinforced structures into the polymeric matrix. Drawn, ultra-high strength poly-L- 
lactide and polyglycolide devices have shown the highest strength values of bioabsorbable 
implants, bending strengths of 300 MPa and 410 MPa, respectively. PDS, for example, has much 
lower strengths. 

Metabolism and breakdown of the materials in the body 

In hydrolytic conditions, as in living tissues, bioabsorbable polymers first degrade to small debris 
particles. The debris particles trigger the phagocytosis reaction, by which macrophages, giant 
cells, and leukocytes digest the polymer debris. Finally the foreign material disappears totally. 

In vivo, PGA changes to glycolic acid by hydrolysis (Frazza and Schmitt 1971). When exposed to 
glycolate oxidase the glycolic acid molecules are transformed into glyoxylate which reacts with 
glycine transaminase, thus producing glycine. Glycine can be used in the protein synthesis or in 
the synthesis of serine which can be employed in the tricarboxylic acid cycle after transformation 
into pyruvate (Hollinger 1983). Williams (1979) showed that the hydrolysis of PGA occurs 
essentially by the same mechanism in vivo and in vitro - i.e. by hydrolysis in an aqueous 
environment - though the initiation of this process is greatly accelerated in an in vivo 
environment. He drew the conclusion that cellular enzymes around implanted material will affect 
the rate of the degradation of PGA. PLA undergoes hydrolytic de-esterification into lactic acid 
which becomes incorporated into the tricarboxylic acid cycle and is subsequently excreted by the 
lungs as carbon dioxide (Iiulkarni et al. 1966, Holli~lger 1983). PDS is also degraded by 
hydrolysis, and the degradation products are excreted principally in urine (94 %). Clinically the 
bioabsorption time is 6-12 months for SR-PGA devices and 2-4 years for SR-PLLA devices. 

Metabolization of polyglycolide in Krebs cycle. Metabolization of polylactide in Krebs cycle. 



Handling and its effect on the device (sterilization, cutting, and heating) and 
complications and contraindications in the use of bioabsorbable polymeric devices 

Bioabsorbable SR-PGA devices have been sterilized with ethylenoxide and bioabsorbable SR-PLA 
devices with gamma radiation of a dose of 2.5 MRads. After determining the  correct device the 
removal from the sterile package using aseptic techniques should be made immediately before 
use. The bioabsorbable devices mus t  not  be resterilized by any method. 

Postoperative or intraoperative cutting of devices. If necessary, a device can be cut  with an 
oscillating saw, a dry, sharp rotary diamond dental saw or a hot wire. No other cutting method? 
like scissors, wire cutter or diathermia, can be used. 

Complications are sirnilar to those with any method of internal fixation. Transient fluid 
accumulation or sinus formation may occur, seldom in sterile circumstances when using PGA 
devices and hardly ever when using PLA devices. Aspiration (simple drainage) may yield implant 
remnants and usually results in healing without adverse effects on fracture healing. Premature 
bending, loosening, fracture or migration of bioabsorbable devices may result from early weight 
bearing, stress, and activity. 

Contraindications for the use of bioabsorbable devices are fractures and osteotomies of big. long 
cortical bones, and situations where internal fixation is otherwise contraindicated, e.g. active 
infection and cases where patient cooperation cannot be guaranteed (e.g. alcoholism). 

Economic audit 

In a study the  economic audit of ankle fractures treated operatively with SR-PLLA screws, SR- 
PGA screws or rnetallic implants was determined. When all expenses were considered, 
bioabsorbable fixation seemed to be more  econon~ical  than metallic fixation (luutilainen et al. 
1996). 

Future plans and considerations for bioabsorbable implants 

Arthroscopical and other minimum-invasive surgical techniques have been developed due to the 
several advantages they offer for patients and society. As bioabsorbable devices do no t  need 
ren~oval operation, they are especially suitable for arthroscopical use. Therefore, during the  last 
few years. new types of bioabsorbable devices (e.g. tacks and arrows) with suitable instruments 
have been developed for arthroscopical surgery, some of them still being under  process. Anywav, 
the  first device, the  rod, is well-suited for the arthroscopic technique with new applicators. 

For the above reason it is evident that ,  in the future, ultra-high strength bioabsorbable 
composites will replace traditional metallic and biostable polymer devices in surgical applications 
where only a temporary presence of the device is necessary - also in diaphyseal long bones. In 
such applications the  mechanical perforn~ance of the device is of crucial importance. However. 
the  potential advantages of ultra-high strength bioabsorbable polymeric composites are not  onlv 
limited to mechanical function. They themselves have some osteogenic potential, and with these 
composites it is also possible to combine physiologically active components which accelerate or 
facilitate the healing or form constituents of healing tissues. Such bioabsorbable devices pave the 
wav for the present and future research where material- and biotechnology will be combined with 
medicine to develop synthetic devices which, as a consequence of their internal metabolic 
activity, will be transformed into living, functional tissues or organs, like bones, cartilage, tendons 
or ligaments. The combination of bioresorbable polymers and bioactive materials, such as 



pharmaceutical agents, living cells or components of living cells, offers possibilities to develop 
devices which can release bioactive substances to their environment. 
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MEDICAL BACKGROUND OF THE PRESENT RESEARCH 

Our development work of the use of totally biodegradable devices in orthopaedic surgery dates 
back to the medical research started in the 1970's together with the joint research on the 
polymeric science and manufacturing technique. Extensive amounts of research work have been 
done to develop these implants for experimental surgery and clinical trials. 

Until now more than 6000 animals, mainly rats and rabbits, have been operated on in animal 
experiments. At the 1st Department of Surgery, Helsinki University Central Hospital, 3076 
patients have been operated on from November 5, 1984 through December 31, 1996. This 
research has been documented in nearly 1000 publications including the following medical or 
veterinary academic dissertations: 

1. Vainio J. Experimental studies on the use of a BIS-GMA composite resin as an implant material 
in bone. Tampere, Tampere University 1980 

2. Vainionpaa S. Biodegradation and fixation properties of biodegradable implants in bone tissue. 
An experimental and clinical study. Helsinki, Tampere, Helsinki University and Tampere 
University of Technology 1987 

3. Axelson P. Fixation of cancellous bone and physeal canine and feline fractures with 
biodegradable self-reinforced polyglycolide devices. A clinical study. Helsinki, College of Veterinary 
Medicine 1989 

4. Makela EA. Fixation properties and biodegradation of absorbable implants in growing bone. An 
experimental and clinical study. Helsinki, Tampere, Helsinki University and Tampere University 
of Technology 1989 

5. Vihtonen K. Fixation of cancellous bone osteotomies with biodegradable polyglycolic acid 
thread. Comparison of combined cyanoacrylate, bone cement and biodegradable thread fixation 
with biodegradable thread alone. An experimental study. Helsinki, Helsinki University 1990 

6. Hiwensalo E. Absorbable synthetic self-reinforced polymer rods in the fixation of fractures and 
osteotomies. A clinical study. Helsinki, Helsinki University 1990 

7. Vasenius J. Biocompatibility, biodegradation, fixation properties and strength retention of 
absorbable implants. An experimental study. Helsinki, Helsinki University 1990 

8. Suuronen R. Biodegradable self-reinforced polylactide plates and screws in the fixation of 
osteotomies in the mandible. An experimental study. Helsinki, Tampere, Helsinki University, 
College of Veterinary Medicine and Tampere University of Technology 1992 

9. Majola A. Biodegradation, biocompatibility, strength retention and fixation properties of 
polylactic acid rods and screws in bone tissues. An experimental study. Helsinki. Tampere, 
Helsinki University and Tampere University of Technology 1992 

10. Miettinen H. Fracture of the growing femoral shaft. A clinical and experimental study with 
special reference to treatment using absorbable osteosynthesis. Kuopio, Kuopio University 1992 

11. Partio EK. Absorbable screws in the fixation of cancellous bone fractures and arthrodeses. A 
clinical study of 318 patients. Helsinki, Helsinki University 1992 



12. Raiha J. Biodegradable self-reinforced polylactid acid (SR-PLA) implants for fracture fixation 
in small animals. An experimental and clinical study. Helsinki, College of Veterinary Medicine 
1993 

13. Manninen M. Self-reinforced polgyglycolide and poly-L-lactide devices in fixation of 
osteotomies of weight-bearing bones. An experimental mechanical study. Helsinki, Tampere, 
Helsinki University, College of Veterinary Medicine and Tampere University of Technology 1993 

14. Lapinsuo M. Bone fixation with plastics. An experimental study. Helsinki, Tampere, Helsinki 
University, Tampere University and Tampere University of Technology 1993 

15. Pihlajamaki H. Absorbable self-reinforced poly-L-lactide pins and expansion plugs in the 
fixation of fractures and osteotomies in cancellous bone. An experimental and clinical study. 
Helsinki, Tampere, Helsinki University and Tampere University of Technology 1994 

16. Laitinen 0 .  Biodegradable polylactide implant as an augmentation device in anterior cruciate 
ligament repair or reconstruction. An experimental and clinical study. Helsinki, Tampere, Helsinki 
University, College of Veterinary Medicine and Tampere University of Technology 1996 

17. Ashammakhi N. Effect of absorbable polyglycolide membrane on the bone. An experimental 
study. I-Ielsinki, Tampere, Helsinki University and Tampere University of Technology 1996 

18. Juutilainen T. Absorbable self-reinforced poly-L-lactide wires, screws, and rods in the fixation 
of fractures and osteotomies and arthrodeses and mini tacks in the fixation of ligament ruptures. 
A clinical study. Helsinki, Helsinki University 1997 

The methods used in the context of biodegradable devices are based on indisputable facts. The 
research continues and another series of nearly 20 orthopaedic and traumatological projects 
aiming to doctoral thesis is under preparation at the Department of Surgery, Helsinki University 
Central Hospital and at  the Kuopio University together with Tampere University of Technology 
and the College of Veterinary Medicine in Helsinki. 

The use of biodegradable implants has been started also in other fields of surgery. 
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INDICATIONS AND FACTORS TO BE CONSIDERED IN THE USE OF 
BIOABSORBABLE IMPLANTS 

Bioabsorbable implants are suitable in the fixation of intra-articular fractures, cancellous bone 
fractures, small cortical bone fractures, ligament and capsular ruptures, and corresponding 
indications in orthopaedics according to the detailed instructions also given in this book. 

In the fractures of children small-diameter implants mus t  be used, as they will not cause any 
disturbance in the developn~ent and growth of the bone. Osteoporosis itself is not a 
contraindication of the use of absorbable implants. In severely comn~inu ted  fractures the use is 
considered separately. In rheuma patients polylactide implants mus t  be used. 

Advantages and disadvantages 

When the fracture heals, the strength of the implant decreases. 

The use of bioabsorbable fixation is in the patient's interest: 

1 .  With regard to bone tissue. Strain is gradually taken over by bone, when the fracture heals 
and the strength of the implant decreases. Micromovement occurs due to the elasticity of' the 
device. The bone mass increases. There is no development of osteoporosis. 

2. With regard to management. Sterile individual packages for the implants. Easy to cut off 
the device during operation with an oscillating saw, a dental saw or hot  wire if needed. 

Instrumentation is simple. Radiolucency of the implants enables the controlling of fracture 
healing. Magnetic resonance irnaging is possible without disturbances. Fewer infections occur due 
to only one operation because there is no  need for removal operation. Implants can be used a t  
low-infected operations. There are no clinically significant tissue reactions to polylactide devices. 

3. With regard to patient. Psychological advantage because of definitive treatment. No removal 
procedures. Actual financial advantage is due to only one operation. Increased patient comfort, 
as hospital visits are limited. 

4. With regard to society. Financial benefit, as only one operation is needed. The increased 
operating capacity can be directed to other operations instead of implant removals. 

Disadvantage of the bioabsorbable fixation is a specific tissue reaction to polylglycolide after 
fracture healing owing to rapid degradation of polyglycolide now under 2 %. Wound infections 
and failures of fixation occur to  the same extent as with the use of metallic implants. 



When bioabsorbable polyglycolide implants are used, some patients may develop postoperative. 
non-bacterial, local fluid accumulation (swelling) in a primarily uneventfully healed wound 8-16 
weeks after operation. The patient should be informed of the possibility of fluid accumulation and 
must contact the doctor if fluid accumulation develops. If the fluid accunlulation is red and 
painful, it should be treated by needle aspiration using a 1 , l  m m  needle. The needle aspiration 
may be repeated if necessary. An incision is an alternative for the aspiration. The healing is 
normally completed in a few weeks. When polylactide implants are used, this kind of tissue 
reaction is unusual, 0 , l  %, and it occurs later, after some months. 



OWN CLINICAL EXPERIENCE IN THE USE OF BIOABSORBABLE DEVICES 

Based on polymeric, chemical and technical investigations, and experimental studies, a clinical 
trial was started on November 5, 1984. In a randomly allocated, prospective study bioabsorbable 
implants and metallic implants were compared in the fixation of displaced ankle fractures. There 
were no  functional or radiological differences in the end result. In the entirelv intra-articular 
fractures it is better to use absorbable rods than metallic implants, since the fixation of 
osteochondral fragments is fairly easy to perform. The rod can be inserted under the articular 
cartilage into the bone. In 1987 polyglycolide screws were introduced, and in 1988 polylactide 
screws proved to be secure in the fixation of olecranon fractures, as also polylactide rods in the 
ankle fracture fixation. In selected patients postoperative immobilization was not necessary, and 
mobilization was started early due to secure fixation. 

Annual development in the use of absorbable implants at  the Department of Surgery 
(Orthopaedics and Traumatology), Helsinki University Central Hospital. 

PGA/PLLA rod 

SR-PGA rod 

SR-PGA screw 

SR-PGA rod (beige) 

SR-PGA screw (beige) 

SR-PLLA rod 

SR-PLLA screw 

SR-PLLA tack 

SR-PLLA wire 

SR-PLLA plug (4,5 m m )  

SR-PLLA plug (6,O m m )  

SR-PLLA arrow 

SR-PLLA plug (3.5 m m )  



During the time period from November 5, 1984 to  December 31, 1996, 3076 operations with 
absorbable fixation devices have been performed at  the Department of Surgery (Orthopaedics and 
Traumatology) , Helsinki University Central Hospital. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Absorbable implants used a t  the Department of Surgery (Orthopaedics and Traumatology), 
Helsinki University Central Hospital between Novenlber 5, 1984 and December 31, 1996. 

Implant Operations 

PGA/PLLA4 rod (copolymer) 

SR-PGA rod 

SR-PGA screw 

SR-PLLA rod 

SR-PLLA screw 

SR-PLLA tack 

SR-PLLA plug 

SR-PLLA arrow 

SR-PLLA wire 

At least two kinds of implants 

Total 



The next Table shows the main clinical use of rods, screws, and other bioabsorbable devices. 

The most common indications for application of bioabsorbable rods, screws, tacks, and wires in 
traumatology and orthopaedics a t  the Department of Surgery (Orthopaedics and Traumatology), 
Helsinki University Central Hospital. 

Fresh fracture of 
Humeral condyles 

Olecranon 

Radial head and neck 

Hand 

Distal femur or proximal tibia 

Patella 

Ankle 

Ligament injury 

Rupture of the ulnar collateral 
ligarnen t 

Orthopaedic diseases 

Osteochondritis dissecans 

Hallux valgus 

Shoulder dislocation 

Osteoarthritis in the ankle, 
subtalar joint or in the small 
joints of the hand 

Rheumatoid arthritis 

Pediatric orthopaedics 

Operations together 

The clinical course was uneventful in 85 % of the patients. 



Complications 

Complication 96 

Wound infection 3,9 

Failure of fixation 3,7 

Fluid accumulation 3.4 

Sinus information 2:3 
-- 

Short history of the first operations with bioabsorbable implants. 

Material First operation 

Experimental Clinical 

PGNPLA January 15, 1982 November 5, 1984 

PLLA July 27, 1986 August 19, 1988 

Total number of operations 

At the Department of Surgery, 6000 3000 
Helsinki University Central 
Hospital 



GENERAL OPERATION TECHNIQUE 

OPERATION TECHNIQUE WITH RODS 

Local intravenous, regional, spinal or general anaesthesia is used. Bloodless field is mainly used 
at operations of the extremities. Aseptic conditions, proper exposure, and x-ray control are 
obligatory. 

Fig. 1. Instrumentation for insertion of rods: drillbits and applicators. 

Operation technique at a g lance 

Figs. 2-3. Reduce the fractured bone exactly. Fix it with clamps or fingers. Drill the holes vou 
need. Flush and measure the channel. The rod is first inserted into the hole using finger 
pressure. Then with the applicator tap it is inserted in the drilled, measured, and flushed hole. 

Figs. 4-5. Hammer at the piston of the applicator to introduce the rod. The complete fixation. 



Basis for the operative technique with rods (pins) 

The area around the fracture is exposed by the standard principles of bone surgery. Major arteries 
and newes should be presewed by careful dissection. Fracture surfaces are cleaned. Reduction is 
done exactly. The fractured surfaces are compressed tightly together with clamps, since with rods 
it is not  possible to have an equally good compression between fragments as with screws. 
Reduced position can be held with rods, because the friction between the rod and bone surface 
is sufficent for it. The drill channel is rounded, and the fixation is also slightly strengthened by 
an oval rod diameter. The torque strength and the maintenance of the position are secured with 
two non-parallel rods. In comminuted fractures more rods are inserted. 

Reduced bone fragments are fixed with rods inserted into the channels drilled with corresponding 
standard drillbits (1,l  mm,  1 ,5  mm,  2 mm,  3,2 mm,  and 4,5 m m )  of the same diameter. The 
opening of the drill channel has to be free of soft tissues. Drilling of the channel mus t  be done 
carefully, as the strength of the fixation depends on the size of the channel and the quality of the 
bone. Moving the drillbit back and forth is not  allowed, but sometimes repeated drilling is needed 
five times for cancellous bone and ten times for cortical bone. The position cannot be moved 
during drilling. The drill channel is flushed and measured. In application the applicator and rod 
used mus t  be of the same size. The applicator protects the end of the rod when inserting. 

When the insertion is completed, the end of the rod is checked no t  to exceed the bone level, but. 
preferably, to remain under it. After removal of the clamps the security of the fixation shoud be 
tested. If any part of the rod is protruding over the bone, it is cut  with an oscillating saw, a dry, 
sharp rotatory diamond dental saw or a hot wire (an electric loop). No other cutting method, like 
scissors, diathermia or wire cutter, may be used. 

A radiograph is taken to ensure the result. If the fixation is good, the  wound is closed in layers 
and a sterile dressing, bandage, cast or plaster cast is applied. Standard principles of orthopaedics 
and traumatology are applied in the reconstruction of the bone anatomic continuity of anv 
surrounding tissue such as skin. Meticulous haemostasis and complete primary skin closure over 
the implant are essential. 
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Adverse effects 

Complications are similar to those of any method of internal fixation. 

OPERATION TECHNIQUE WITH SCREWS 

Fig. 1. Instrumentation for insertion of screws: drillbit, tapping device, countersink, screwdriver, 
and screws. 

Operation technique at a glance 

Figs. 2-3. Reduce t h e  fract~lred bone exactly. Fix it with clamps. Drill the holes you need. Tap the 
hole with a special screw tap. 
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Figs. 4-5. Counterslrlk the hole for the screw head. Flush and measure the channel. 
screw in a screwdriver and insert into the screw hole. Use the two-finger technique to tighten the 
screw. 

Fig. 6. The complete fixation 



Basis for the operative technique with screws 

Local intravenous, regional, spinal or general anaesthesia is used. Bloodless field is nlainly used 
at the operations of the extremities. Aseptic conditions, proper exposure. and x-ray control are 
obligatory. 

The operating technique is much the same as when using metallic screws. The area around the 
fracture is exposed by the standard principles of bone surgery. Major arteries and newes should 
be presewed by careful dissection. The fracture surfaces are cleaned. The fracture is reduced 
exactly. Sufficient compression can be achieved with clamps to retain the reduced position of the 
bone fragments during operation. Drillbits are chosen according to the screws: screw 0 4,s m m  
= drillbit 0 3,5 (3,2) mm,  screw 0 3,5 m m  = drillbit 0 2 ,7  (2,5) mm,  screw 0 2,7 = drillbit 0 1.9 
mm,  and screw 0 2,O m m  = drillbit 0 1,5 mm. The drill channel is measured and flushed. 

After drilling the hole is tapped with a special tap. Special threads of bioabsorbable screws need 
careful attention, and therefore a specific tap instrument should be used. However, the profile of 
2,7 m m  screws is similar to that of metallic screws, and an A0 tap is preferable. 

After the above procedures it is possible to use the bioabsorbable F (full-threaded)-screw in two 
different ways. The screw can be cut  at the bone level. when there is no  need to sink the head. 
The screw can be cut with a small oscillating orthopaedic saw, with a dry, sharp rotary diamond 
dental saw or by using a hot wire (an electric loop). The use of hot wire is good but slow. No 
other cutting method. such as scissors, diathermia or wire cutter, may be used. Only the fullv 
threaded screw can be cut after implanting. The lag screw must not be cut at all but placed 
totally in the bone. The loose head of the screw must either be removed from tissues or sunk 
below the level or 1 m m  over the bone using the countersink. 

The bioabsorbable screw needs a special screwdriver. A special screwdriver is used for 2 , i  mm,  3,5 
mm.  4,5 mm,  and 6 ,3  m m  screws and an AO-screwdriver or a Leibninger screwdriver for 2.0 m m  
screws. It is important that the screwdriver is of the right size. If it is decided not to use the 
screw head of the fullv threaded screw or if the fully threaded screw seems to be too long, the 
countersink IS not used but, instead, the screw is simply cut  along the bone surface. The screw 
iragment must be removed and disposed. If the reduction is done properly and if the drilling and 
rapplng are done in an accurate way, there should be no  problem to insert a bioabsorbable screw. 
For unscrewing a special screwdriver of the same size is used. The jaws of the screwdriver keep 
the screw head tightly in place. Therefore the screw does not drop. The instrument keeps tight 
during insertion. 

When the drill channel is deep enough and the threads are correctly made. a screw moistured 
with saline can be inserted without difficulty using the two-finger technique. Since the torsion 
resistance is less than that of metal screws, extra attention should be paid not to use too much 
torque when implanting the screw (use pinch grip). In cases where the friction increases too 
~ n u c h  during the insertion, there is a risk of screw head breakage. If the osteosynthesis is already 
stabile, the screw can be cut. If this is not the case, the screw must  be removed and the hole 
redrilled andlor retapped and the screw inserted into the drill hole. If the screw breaks , it can be 
cut. A new channel can be drilled straight through the old screw if necessary by using first a 2.0 
m m  drillbit and then a 3,2 rnm drillbit for a screw of 3.5 m m  in diameter, and tapping is done 
thereafter. 

A radiograph is taken to ensure the result. If the fixation is good, the wound is closed in layers 
and a sterile dressing, bandage, cast or plaster cast is applied. Standard principles of orthopaedics 



and traumatology are applied in the reconstruction of the bone anatomic continuity of any 
surrounding tissue such as skin. Meticulous haemostasis and complete primary skin closure over 
the implant are essential. 

Postoperative treatment 

As a postoperative treatment a plaster cast or functional splint has been used. Patients with 
operated ankle fractures were mobilized by crutches the following day after the operation, but 
without weight-bearing for three weeks. After that partial weight-bearing was allowed and total 
weight-bearing 1-2 weeks later. Patients with knee injuries have had a plaster cast for 4-8 weeks. 
In shoulder and elbow fractures a bandage is recommended for three weeks and in fractures of 
the wrist for five weeks. The fractures of well-cooperating patients have been treated with early 
mobilization. 

Adverse effects 

Complications are similar to those of any method of internal fixation. However, polyglycolide 
polymer may cause clinical foreign body reaction, fluid accun~ulation or sinus formation during 
degradation. This has nothing to do with fracture healing and it occurs 8-16 weeks after the 
operation. Observation and anti-inflammatory analgesics are needed in small fluid accumulation, 
but aspiration with a 1 , l  m m  needle (or a small incision) is necessary in painful or reddish fluid 
accumulation and an incision and antibiotics in sinuses. Complete healing is reached during a 
few weeks in the majority of patients. 

When using bioabsorbable implants, especially made of polyglycolide. the possibility of tissue 
reaction must  be mentioned to patients in connection of the operation to ensure that the patient 
contacts the surgeon for consideration of possible treatment. An untreated situation often leads 
to spontaneous sinuses. Muddy, greenish fluid where undegradable pieces are seen is typical of 
a sinus. The fluid has no smell and is sterile. 

The incidence of the fluid accumulation when using polyglycolide implants has been 3,3 ?h, but 
recently under 2 %. and has hardly ever occurred with the use of polylactide implants. Sinus 
formation has decreased also due to better implants, more developed operation technique, and 
strict observation. In children these clinical tissue reactions are extremely rare. 



ACROMIOCLAVICULAR DISLOCATION, DISTAL CLAVICULAR, 
AND ACROMION FRACTURES 

Injuries of the acromioclavicular joint are more common than injuries of the sternoclavicular 
joint. Distal clavicular and acromion fractures are not common. 

Operation indications 

ACROMIOCLAVICULAR DISLOCATION 

Fig. 1. Bioabsorbable screws and wires can be used to fix reduced acromioclavicular dislocation. 
Bioabsorbable screws or rods can be used to fix reduced distal clavicular and acromion fractures. 

Operation technique 

Implants: SR-PLLA screws 3.5 X 40-60 m m  and SR-PLL.4 wire 0 ,5  x 500 mm.  

Figs. 2-3. A longitudinal incision is made over the joint. Through the deltoid muscle the surface 
of the acromion is approached. From the acromion a hole is drilled using a 2,T m m  drillbit 
through the acromioclavicular joint to the reduced clavicle. The hole is measured, flushed, tapped 
with a 3 ,5  m m  tapping device, and countersunk for the screw head. A 3 ,5  m m  screw is inserted 
with a screwdriver using the  two-finger technique. The fixation is secured with coracoclavicular 
or 8-shaped poly-L-lactide wiring. A radiograph is taken to ensure the result. The wound is 
closed. 



Postoperatively a Velpeau bandage for four weeks and careful mobilization thereafter are 
recommended. 

DISTAL CLAVICULAR AND ACROMION FRACTURES 

Bioabsorbable screws and wires can be used to fix reduced distal clavicular and acromion 
fractures. The operation technique and postoperative treatment are similar to those of 
acromioclavicular dislocation. 

Results 

The following radiographs will show examples of correction and healing of dislocated joint by 
fixation with bioabsorbable rods or screws. 

Figs. 4 a-c. Acromioclavicular dislocation in a 32-year-old male. Radiography taken on admission 
(a). Radiography (b) after open reduction and internal fixation with an SR-polyglycolide screw. 
Radiographs one year later (c). There is anatomical union of the earlier dislocation. 



The patients and main results are presented in the Table. 

Table. Patients with acromioclavicular dislocation, distal clavicular, and acromion fractures 

Issue AC-dislocation Distal clavicular Acromion 
fractures fractures 

Number % Number % Number O/;o 

Operation 

Age (mean; years) 

Sex (female/male) 

Operation time (mean; minutes) 43,2 

Hospital stay (mean; days) 3,4 

Sick leave (days) 70,5 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

In the acron~ioclavicular region the use of bioabsorbable implants has been rare, though 
acromioclavicular dislocation, distal clavicular. and acrornion fractures also seem to be reasonable 
indications for internal fixation. The limited number of operations partly explain the 
complications because of the learning curve. 

Conclusions 

Reduced clavicle dislocation, distal fracture or acromion fracture can be kept in place with 
bioabsorbable fixation. 

References 
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GLENOIDAL RIM FRACTURES 

Glenoidal rim fractures are quite uncommon but are a good indication for bioabsorbable fixation 
to avoid recurrent dislocation of the joint. . , 

Operation indications 

Figs. 1-2. Dislocated glenoidal rim fractures are suitable for bioabsorbable fixation. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 2:0 X 20-70 mm,  SR-PLLA screws 3,5 X 20-45 mm,  SR-PGA- 
or SR-PLLA screws 4,5 X 50-70 m m  or rods 3,2 X 50-70 mm. 

The fracture is exposed through deltopectoral approach. The tendon of the subscapularis muscle 
is cut ca. 2 cm from its origin when the hold-suture is fixed. The capsule is incised. The fracture 
is reduced. It is fixed temporarilv with clamps or fingers or using a Kirschner wire. A hole is 
drilled through the fracture. A drillbit of 2,O m m  in diameter is used for a rod of 2,O m m  in 
diameter and a drillbit of 2,7 mm in diameter for a screw of 3.5 m m  in diameter and a 3,5 rnm 
drillbit for a 4,5 m m  screw, respectively. The hole is measured and flushed. It is tapped for the 
screw with a tapping device of the same size. The hole is countersunk for the screw head. The 
screw is inserted with a screwdriver. Onlv two fingers are used to tighten the screw. Rods can 
also be used. In this case, as written above. same-sized drillbits and applicators are used. A 
radiograph is taken to ensure the result. The wound is closed exactly. 

Postoperatively a three-week dressing to the trunk or other bandage is preferable. Thereafter 
free nlobilization is allowed. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 



Figs. 3 a-c. Displaced fracture of the glenoidal rim in a 41-year-old male. Radiography taken on 
admission (a). Radiography (b) after open reduction and internal fixation with an SR-L-polylactide 
rod. Radiographs two years later (c). There is anatomical union of the fracture. 

The patients and the main results are presented in the Table. 

Table. Patients with glenoidal rim fractures. 

Issue Number % 

Operation 10  0,3 

Age (mean; years) 40,8 

S ex (femalelmale) 119 1 019 0 

Operation time (mean; minutes) 11 6,2 

Hospital stay (mean; days) 4,8 

Sick leave (days) 83,8 - 

Postoperative course: uneventful 

Discussion 

The aim of the investigation was to analyse fractures in the glenohumeral region fixed with 
totally absorbable fixation devices. The series consisted of 23  patients, seven females and 16 males 
with an age ranging from 13 to 63 years (mean 35,T years). The fractures were fixed with self- 
reinforced (SR) polyglycolide rods and screws or SR-poly-L-lactide rods and screws. There were 
two superficial infections and three redislocations after fixation including one non-union. 
Otherwise the end results were good after a three-year follow-up, and primary operative treatment 
is recommended. 

Children with epiphyseolytic humeral neck fractures can also be treated safely with absorbable 
screws without any growth disturbance. Glenoid rim fractures after luxation of the 
humeroscapular joint are well-suited for absorbable fixation. One- or two-part humeral neck 
fractures can be treated safely with absorbable screws. Minimal osteosynthesis in the 
glenohumeral region may diminish the postoperative problems in the motion of the joint (Partio 



et al. 1995). The table shows that  especially glenoidal rini fractures can be safely fixed with 
bioabsorbable implants. 

Conclusions 

Fractures of the  glenoidal r im can be fixed with bioabsorbable screws or rods. Rods are intended 
to be used in small fragment fractures and screws in big fragment fractures. The mini-invasion 
technique is recommended. 
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FRACTURES OF THE PROXIMAL HUMERUS 

Fractures of the proximal humerus occur at any age but are especially typical of the elderly. 

Operation indications 

Figs. 1-2. Fractures with 2-3 fragments of the proximal humerus can be fixed with bioabsorbable 
screws or rods. On the other hand, severe comminuted fractures are not suitable for 
osteosynthesis but for primary endopros thesis. 

Operation technique 

Implants: SR-PLLA screws 3.5 X 40-50 m m ?  SR-PGA or SR-PLLA screws 4>5 X 50-70 m m  or rods 
3.2 X 50-70 mm.  

Deltopectoral approach is used. The tendon of the subscapularis muscle is cut 2 cm from its 
insertion point when the holding suture is fixed. The capsule is opened. The bone fragment is 
reduced. It is fixed temporarily with bone clamps. Holes between the fragments are drilled with 
a drillbit of 2,7 m m  in diameter for a screw of 3 ,5  m m  in diameter and with a drillbit of 3,5 m m  
in diameter for a screw of 4,5 m m  in diameter. Tapping with a tapping device of the same size. 
countersinking for the head of the screw, measuring, and flushing are done. The screws are 
inserted with a screwdriver using the two-finger technique. Rods can also be used for the 
fixation. In this case same-sized drillbits and applicators are used. A radiograph is taken to ensure 
the result. The wound is closed exactly by layers. 

Postoperatively a Velpeau or other bandage is applied for three weeks. 
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FIXATION OF FRACTURES OF THE GREATER HUMERAL TUBERCLE 

Figs. 3-4. Dislocated fracture in the greater humeral tubercle is an indication for operation. 'The 
fracture must be reduced, as otherwise there will be severe impaimlent in the shoulder joint 
function. 

Operation technique 

Implants: SR-PGA screws 4,5 X 25-50 m m  or SR-PLLA screws 3,5 X 30-45 mm. 

A straight incision through the deltoid muscle exposes the fracture. The fracture is reduced. It is 
fixed temporarily with bone clamps. A channel is drilled with a drillbit of 3,5 m m  in diameter for 
a screw of 4,5 m m  in diameter and with 2,7 m m  for 3 ,5  m m  screw, respectively. through the 
fracture into the proximal humerus. The channel is tapped with a tapping device of the same 
size, countersunk, measured, and flushed. The screw is inserted with a screwdriver using the 
two-finger technique. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a Velpeau or other bandage is used for three weeks followed by free 
mobilization of the shoulder joint. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable screws. 



Figs. 5 a-f. Displaced fracture of the humeral neck in a 16-year-old female. Radiography taken on 
admission (a,b). Radiographs (c,d) after open reduction and internal fixation with SR-polyglycolide 
and SR-L-polylactide screws. Radiographs one year later (e,f). There is anatomical union of the 
fracture. 



Figs. 6 a-c. Displaced fracture of the humeral head in a 53-year-old male. Radiography taken on 
admisson (a). Radiography (b) after open reduction and internal fixation with an SR-polyglycolide 
rod and screw. Radiography one year later (c). There is union of the fracture. 

Figs 7 a-c. Displaced fracture of the humeral neck and greater tuberosity of the humerus in a 54- 
year-old male. Radiography taken on admission (a). Radiography (b) after open reduction and 
internal fixation with an SR-L-polylactide screw. Radiographs five months later (c). There is 
anatomical union of the fracture. 



The patients and the main results are presented in the Table. 

Table. Patients with fractures of the proximal humerus. 

Issue Number Oio 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

The series consisted of 20 patients. There were six epiphyseolytic humeral neck fractures in 
children (two boys and four girls). aged, 11-16 years (13 years on average). in whom an 
unacceptable position had been achieved by using closed reduction. The displacement of fractures 
was 21 m m  (11-40 m m )  on average, and two of the fractures were comminuted. The mean 
follow-up time was three years and nine months (one year and two months  - five years and six 
months).  Five males (19-50 vears old, 41 years on average) had a fracture of the tuberculum 
majus. The mean displace~nerit of the fracture was 8 (5-11) m m .  and two of the patients had a 
fracture after hun~eroscapular luxation. The patients were followed three years and three months  
on average. Nine patierlts, three females and six males, had a humeral neck fracture and seven 
of them were comnninuted. The follow-up time was four years and four months  (two years and 
two months - five years and five months) on average. As fixation devices SR-PGA (self-reinforced 
polyglvcolide) screws 4.5 ilini i l l  dianleter were used in 1'7 cases and SR-PLLA (self-reinforced 
poly-L-lactide) screws i 1 1  two cases. As few devices (1-4) as possible were used a t  the operation 
to achieve a sufficiently fir111 i~xation. Mobilization was started three weeks postoperatively in each 
patient. ,411 childre11 achieved a full range of motion and an anatomic position of the 
epiphyseolytic liu11ieral neck fracture without any disturbance of growth. The growth was 
measured arid i t  was 9 (2-30) 111111 011 average. The results in the fixation of the tuberculum 
rnajus were. four anatorllic and one fair, and the clinical results were, three good and two fair 
with a mild restrictio~l in motion. In the humeral neck fractures a good clinical result was 
achieved in six cases. fair in one, and two were poor. The primary radiological result was 
anatomic in six patients and fair in three. while the final radiological result was anatomic in four. 
fair in two, and poor i l l  three p;~titrlts. There was one pseudoarthrosis, one necrosis of the head 
of the humerus, and one partial necrosis. Two out  of these nine patients had an infection. and 
one patient needed a re-operation. In the comminuted fractures only two ou t  of six achieved a 
good radiological result, but the clinical result was good in four of these six patients. Children 
with epiphyseolytic humeral neck fractures can be safely treated with absorbable screws without 
any growth disturbance. One- or two-part humeral neck fractures can be treated safelv with 
absorbable screws (Partio et al. 1995). 



Conclusion 

Large-part fractures of the humeral head or neck can be fixed with bioabsorbable screws. 
The tuberculurn rnajus hurneris fracture can be fixed with a bioabsorbable screw. The shoulder 
joint function is preserved with operation. 

References 

Partio EK, Hiwensalo E, Jukkala-Partio K, Rokkanen P: Proximal humeral fractures - Suitable for 
absorbable osteosynthesis. Gerhard Kiintscher-Kreis, Osteosynthese International 1995, Oulu. 
Finland, June 15-17, 1995, p. 173, abstract 144 



42 

FRACTURES OF THE HUMERAL CAPITELLUM 

This fracture type occurs also in adults. 

Operation indications 

Figs. 1-2. Fracture of the humeral capitellum with a dislocation of 2 m m  is an indication for 
internal fixation. After reduction the fracture can be fixed with small bioabsorbable rods. 

Operative technique 

Implants: SR-PGA or  SR-PLLA rods 2,O x 30-40 mm.  

A lateral incision is made over the lateral condyle. All interposed tissue from between the  fracture 
surfaces is released. The fracture is reduced exactly. The position is held with a bone clamp. Two 
channels are drilled through the bone fragment near the  opposite cortex with Kirschner wires of 
2 m m  in diameter. The K-wires should diverge medially. The reduction is checked using 
radiographic AP and lateral views. The K-wires are removed one at  a time. The channels are 
measured and flushed. Two bioabsorbable rods are inserted using a special applicator 2 m m  in 
diameter. The wound is closed. 

Postoperatively a padded bandage or padded and split plaster cast (closed 3-5 days) is used for 
three weeks with the  elbow joint flexed 90 degrees. Immediate mobilization is allowed in selected 
cases. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture bv 
operative reduction and fixation with bioabsorbable rods. 



Figs. 3 a-b. Displaced fracture of the humeral capitellum. Radiography taken on admission (a). 
Radiography (b) after open reduction and internal fixation with an rod. (Absorbable fixaton in 
orthopaedic surgery, p. 105). 

The patients and the main results are presented in the Table. 

Table. Patients with partial articular fractures of the distal humerus. 

Issue 
- -P --P 

Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

Between 1986 and 1994, 57 consecutive patients with a distal humeral fracture were treated 
operatively using absorbable implants; 15  of them were treated by combining absorbable pins or 
screws with metallic implants. According to the AOIASIF system, there were 13  Type A, 21 Type 
B, and ten Type C fractures. Thirteen patients were lost to follow-up. The clinical outcome was 
reviewed in 44 patients with an average follow-up time of 4.6 years. The fuctional results by 
Broberg and Morrey were excellent or good in 36 (81 %), fair in three (6,8 %), and poor in five 
(11,2 %) patients. Twenty-nine (66 %) patients indicated their satisfaction with the outcome of 
the treatment. The elderly had more severely unstable fractures and more unfavourable results 
than the younger patients. A postoperative redisplacement was seen in 11 (25 %) patients and 



infection in seven (16 %) patients. An abacterial foreign body reaction occurred in four (9 , l  %j  
patients. The results were favourable in the non-comminuted epicondylar and condylar fractures 
of the distal humerus as well as in the humeral capitellum fractures. This was observed earlier 
also by Hiwensalo et al. (1993) who used polyglycolide pins to fix eight humeral capitellum 
fractures. The results were unsatisfactory in the comminuted intra-articular distal humeral 
fractures (Pelto-Vasenius et al. 1996). 

Conclusions 

Fixation with bioabsorbable rods is beneficial in unicondylar intra-articular fractures but not in 
comminuted distal humeral fractures. 
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FRACTURE OF THE LATERAL HUMERAL CONDYLE 

This type of fracture accounts for one fifth of the fractures of the elbow in children. 

Operation indications 

Figs. 1-2. The indication for internal fixation is Salter-Harris Type I11 or TV fracture of the lateral 
humeral condyle with dislocation of the fracture exceeding 2 mm. The goal of the operative 
treatment is to restore the anatomy of the growth plate using hairline reduction followed by 
fixation with small-diameter biodegradable rods. 

Operation technique 

Implants: SR-PGA rods 1,5 or 2.0 x 30-60 mm. 

A lateral incision is made over the lateral condyle. All interposed tissue from between the fracture 
surfaces is released. The fracture is reduced exactly. The position is held with the hand or bone 
clamp. Two Kirschner wires of 1,5 m m  in diameter are drilled through the condyle of the distal 
fragment across the growth plate and through the cortex on the side opposite to the insertion. 
The Kirschner wires should diverge medially. The reduction is checked radiographically using AP 
and lateral views. The Kirschner wires are removed one at  a time. The channels are measured 
and flushed. The Kirschner wires are replaced with bioabsorbable rods of 1,5 m m  in diameter 
using a special applicator. The rods should be driven flush to the outer surface of the bone and 
the opposite cortex. The wound is closed, and a sterile dressing is applied. 

Postoperatively a padded plaster splint is used for four weeks with the elbow joint flexed 90 
degrees and the forearm in mid-position. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
operative reduction and fixation with bioabsorbable rods. 



Figs. 3 a-f. Displaced fracture of the lateral humeral condyle in an 11-year-old girl. Radiography 
taken on admisson (a,b). Radiographs (c,d) after open reduction and internal fixation with an SR- 
L-polylactide rod. Radiographs six years later (elf). There is anatomical union of the fracture. 



The patients and the main results are presented in the Table. 

Table. Patients (children only) with fractures of the lateral humeral condyle. 

Issue Number % 

Operation 14  0,5 

Age (mean; years) 8,9 

Sex (femalelmale) 816 57/43 

Operation time (mean; minutes) 55,l  

Hospital stay (mean; days) 2,4 

Sick leave (days) 

Postoperative course: Uneventful 

Discussion 

Since August 1987, fractures in children have been treated surgically with bioabsorbable implants 
(Bostman et al. 1989) after intensive experimental studies on young rabbits (Makela 1989). 
Makela et al. (1992) have used 1.5 m m  SR-PGA pins successfully. Svensson et al. (1994) used 
1.5-2.0 mm PGA pins in the fixation of 50 cases of transphyseal and osteochondral fractures 
which were followed up for at least one year and showed healing in all but two cases with non- 
union. Hope et al. (1991) reported better results with the use of SR-PGA pins than with 
Kirschner wires in the fixation of elbow fractures in children. 

Conclusions 

The fixation of physeal fractures in children with bioabsorbable rods can be safely done even if 
the rods must be driven through the growth plate, unless the area thus destroyed by the rod 
tracks exceeds 3 % of the total cross-sectional area of the growth plate. 
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FRACTURE OF THE MEDIAL CONDYLE AND MEDIAL EPICONDYLE OF THE 
HUMERUS 

Fractures of the medial epicondyle account for one tenth of fractures of the elbow in children. 
The medial condylar fractures are more common in adults. 

Operation indications 

Figs. 1-2. The indication for internal fixation is dislocated ( > 5  m m )  fracture of the medial 
condyle or the medial epicondyle of the humerus. The goal of the  operative treatment is to 
reduce the fracture in hairline followed by fixation with small-diameter bioabsorbable rods or 
screw. 

Operation technique 

Implants: SR-PGA rods 1 ,5  or 2?0  x 30-60 m m  and SR-PGA screws 3,5 X 30-40 mm.  

A medial incision is made, centered on the medial epicondyle. The ulnar nerve is exposed. All 
interposed tissue from between the bone fragments is released. The fracture is reduced. The 
position is held with the hand or bone clamp. Two Kirschner wires of 1.5 or 2,O m m  in diameter 
are drilled crosswise through the  epicondyle, the humeral metaphysis, and. finally, through the 
cortex on the side opposite to the insertion. The metallic wires should diverge laterally. The 
anatomic reduction is checked radiographically using AP and lateral views. The Kirschner wires 
are then removed one at a time. The channels are measured and flushed. The Kirschner wires are 
replaced with bioabsorbable rods of 1.5 or 2,O m m  in diameter using a special applicator. The 
bioabsorbable rods should be driven flush to the outer surface to the  bone and the opposite 
cortex. The screws are indicated to be used in bigger fragments and they need tapping. 
countersinking, measuring, flushing, and inserting the screw. The wound is closed, and a sterile 
dressing is applied. 

Postoperatively a padded plaster splint is used for four weeks with the  elbow joint flexed 90 
degrees and the  forearm i l l  mid-position. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
operative reduction and fixation with a bioabsorbable screw. 



Figs. 3 (a-b). The radiographs show a fracture of the medial epicondyle of the humerus before (a) 
and after fixation (b) using bioabsorbable rods (Absorbable fixation in orthopaedic surgery, p. 

Figs. 4 a-f. Displaced supracondylar fracture of the humerus in an 11-year-old boy. Radiography 
taken on admission (a,b). Radiographs (c,d) after open reduction and internal fixation with an 
SR-polyglycolide rod. Radiographs two months later (e,f). There is union of the fracture. 



The patients and the main results are presented in the Table. 

Table. Patients with fractures of the distal humerus 

Issue Extra-articular Partial articular Complete articular 
Number % Number % N u m b e ~  % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

In a series by Partio et al. 1992 13  patients with fresh fracture of the humeral medial condyle 
were treated by open reduction and internal fixation using self-reinforced polyglycolide (SR-PGA) 
screws in five patients, a poly-L-lactide (SR-PLLA) screw in one patient, and small (SR-PGA) rod 
in seven patients. Solid union took place in 11 out of 12 followed-up patients, and a good 
stability of the elbow joint was achieved. Ten out of 11 patients scored an excellent result 
according to the scale of Broberg and Morrey. SR-PGA pins were used in 19 physeal fractures of 
the distal humerus in children without displacement or growth disturbance afterwards (Makela 
et al. 1992). 

Between 1986 and 1994, 57 consecutive patients with a distal humeral fracture were treated 
operatively using absorbable implants; 15 of them were treated by combining absorbable pins or 
screws with metallic implants. According to the AOIASIF system, there were 13 Type A, 21 Type 
B, and ten Type C fractures. Thirteen patients were lost to follow-up. The clinical outcome was 
reviewed in 44 patients with an average follow-up time of 4.6 years. The functional results by 
Broberg and Morrey were excellent or good in 36 (81 %). fair in three (6.8 %), and poor in five 
( 1 1 2  %) patients. Twenty-nine (66 %) patients indicated their satisfaction with the outcome of 
the treatement. The elderly had more severely unstable fractures and more unfavourable results 
than the younger patients. A postoperative redisplacement was seen in 11 (25 %) patients and 
infection in seven (16 %) patients. An abacterial foreign body reaction occurred in four (9 , l  %) 
patients. The results were favourable in the non-comminuted epicondyla~ and condylar fractures 
of the distal humerus as well as in the humeral capitellum fractures. The results were 
unsatisfactory in the comminuted intra-articular distal humeral fractures (Pelto-Vasenius et al. 
1996). 



Conclusions 

The fixation of fractures of the medial condyle and medial epicondyle of the humerus can be 
safely done with bioabsorbable rods. 
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OLECRANON FRACTURES 

Olecranon fractures are quite common. 

Operation indications 

Fig. l .  Dislocated olecranon fracture is one of the most typical intra-articular fractures needing 
operative treatment. Bioabsorbable rods or screws with wires are suitable for fixation of the 
fracture. 

Operation technique 

Fig. 3. Implants: SR-PGA or SR-PLLA rods 3,2 X 50-70 m m  or SR-PGA or SR-PLLA screws 4.5 
X 50-70 m m  or SR-PLLA screws 3,s-4.5 X 40-70 m m  with SR-PLLA wire 0,5 X 50 mm. 

The patient is in supine position with the elbow joint flexed over the operating table. A straight 
dorsal incision is made. The fracture is exposed and reduced. It is fixed temporarily with clamps. 
Two channels are drilled for rod or screw fixation perforating the ulnar cortex distally. The 
drillbits of 3,2 m m  in diameter are used for corresponding rods and 3.5 m m  or 2.7 m m  for 4,5 
or 3,5 m m  screws, respectively. The channels are measured and flushed. The rods are inserted 
with an applicator. The channels for the screw insertion are tapped and countersunk. The screws 
are inserted with a screwdriver using the two-finger technique. For rods same-sized drillbits and 
applicators are used. The fixation is secured with eight-figure polylactide wiring as in the tension- 
band technique. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded bandage or plaster cast for three weeks is recommended. 



Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 

Figs. 3 a-b. Displaced fracture of the olecranon. Radiography taken on admission (a). Radiography 
(b) after open reduction and internal fixation with an bioabsorbable screw and wire. There is solid 
union of the fracture. (Absorbable fixation in orthopaedic surgery, p. 103). 

The patients and the main results are presented in the Table. 

Table. Patients with olecranon fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

Olecranon and patella fractures fixed with biodegradable implants (SR-PLLA wire combined with 
SR-PGA screw or SR-PLLA plug) or metal implants (tension band wiring, h r schne r  wire, and 
metallic cerclage wire) were compared in a prospective, randomized study. Twenty-five olecranon 



fractures (15 with biodegradable implants and ten with metallic ones) and ten patella fractures 
(six with biodegradable implants and four with ~netallic ones) were treated. There were no 
differences between the implant types in the outco~ne (Juutilainen et al. 1995). 

Between April 1986 and July 1990 fractures of the olecranon in 41 adult patients were treated by 
fixation with absorbable rods (20 patients) and screws (21 patients) of self-reinforced polyglvcolide 
(SR-PGA), 3.2 m m  in diameter and 20-70 rnnn in length. The patients were followed up for a 
mean time of two years and seven months (range from one year to four years and six months). 
After reduction of the fracture, channels were drilled from the proximal fragment through the 
cortex of the distal fragment, and the fractures were fixed with absorbable rods or screws. By one 
year from the follow-up maintenance of an anatomical reduction of the fracture was seen in 34 
patients. Failure of fixation requiring a second operation occurred in two cases. In all cases the 
functional recovery was at  least satisfactory. Sinus formation as a sign of transient tissue reaction 
was observed in three cases but it did not influence the healing of the fractures or the functional 
recovery. The results in patients treated with rods or screws were similar. Absorbable screws 
combined with small rods and absorbable sutures allow treatment of more severe fractures of the 
olecranon than do rods alone (Partio et al. 1992). 

Conclusions 

Olecranon fractures can be treated safely with bioabsorbable implants, especially when combining 
rods or screws with polylactide wires. 
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FRACTURES OF THE RADLAL HEAD 

Fracture of the radial head is one of the most common fractures in the upper extremity in 
adolescents. 

Figs. 1.-2. Operative treatment is indicated in displaced fractures of the radial head and neck. 

Operation technique 

Figs. 3-4. 

FIXATION OF FhY CTi,'RES OF THE RADIAL HEAD AND NECK 

Implants: SR-PGA or SR-PLLA rods of 2,O X 20 m m ,  in small fragments 

A straight lateral 4-5 c111 111cisio11 over the radial head through the skin, fascia, extensor muscle. 
radiohumeral capsule. and an~lu la r  ligament is made. The fragments are reduced and held by 
fingers in the position. A 3 r n ~ n  hole (for 2 m m  rod) through the fragments is drilled. The depth 
of the channel is measured. The drillbit is held in the channel to prevent displacement. The 
drillbit is taken out. The c h a ~ l ~ l e l  is rinsed. A rod of proper length is applicated. In smaller 
fragments 1,5 or 1.1 m m  drillbits can be used for rods of a smaller size (1,5 or 1 , l  m m  rods). 
One or preferably two rods are used for large fragments. I11 comminuted cases the small fragment 
can be left unfixed if situated properly between the major fragments. The rods are inserted below 
the articular surface. A radiograph is taken to ensure the result. The wound is closed. 



Postoperatively immediate mobilization is allowed in simple two-part fragments. In 
comminuted cases a three-week dressing of the elbow in 90-degree flexion is recommended. 

FRACTURES OF THE RADIAL NECK 

Implants: SR-PGA or SR-PLLA rods 2,O X 20-30 mm.  

A straight lateral 4-5 cm long incision over the radial head through the skin, fascia, extensor 
muscle, and radiohumeral capsule is made. The fragrnents are reduced and held by fingers or 
clamps in the position. Two 2 m m  by 20 m m  holes through the radial head are drilled. The holes 
are measured and flushed. Two rods of 2 m m  by 20 mm are inserted. A radiograph is taken to 
ensure the result. The wound is closed. 

Postoperatively a soft bandage is used for three weeks with the elbow joint in 90" angle. 

Results 

The following radiograph will show examples of correction and healing of fracture dislocation by 
open reduction and fixation with bioabsorbable rods. 

Figs. 5 (a-d). The radiographs show a totally displaced fracture of the radial neck (a,b) and the 
postoperative result (c,d) with healing in good position. (Absorbable fixation in orthopaedic 
surgery, p. 101). 



The patients and the main results are presented in the Table. 

Table. Patients with radial head including neck fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

Polydioxanon-pins were used in eight patients aged 35-58 years with radial head fractures. Early 
functional treatment showed very good results (Jahn et al. 1989). 

Twenty-four fractures of the radial head in a study by Hiwensalo et al. 1990 and one in a study 
by Becker 1988 were fixed using SR-PGA rods with promising results. SR-PLLA rods were studied 
in 27 patients with small-fragment fractures or osteotomies treated by internal fixation. The 
follow-up time ranged from eight to 37 months. No redisplacements occurred in four cases 
(Pihlajamaki et al. 1992). 

Between 1986 and 1992. 43 patients with a displaced Mason type I1 or type I11 fracture of the 
radial head were treated bv open reduction and internal fixation using absorbable polyglycolide 
pins. Five patients were lost to the follow-up. The clinical results were reviewed in 38 patients 
with an average follow-up time of 27 months. There were 19 type I1 and 19 type I11 fractures. The 
functional results were excellent or good in 36 patients (95 %). A postoperative redisplacement 
was seen in one patient. The results were at least equal to those obtained with metallic implants. 
but absorbable devices need no  removal. A complication unique to the absorbable devices is a 
transient local abacterial tissue reaction. The rate of tissue reaction has decreased lately, and in 
this studv no adverse reactions from the implants occurred (Pelto et al. 1994). In a multicentre 
study by Rehm et al. (1994) non-reinforced LIDL polylactide 70/30 pins were used in small 
fragment indications with 4/57 redislocations (Rehm et al. 1994). The evident primary reason for 
the high number of redislocations was the low mechanical strength of the LIDL polylactide pins 
used. In another study 83 LIDL polylactide pins were compared to 82 metallic devices with 
similar end results (Rehm et al. 1997). 

Conclusions 

By using bioabsorbable rods direct transarticular fixation of fractures of the radial head is possible. 
Fixation of displaced fractures of the radial neck is always indicated in adult patients. There is no 



indication for excision of the radial head. In general there are no limitations in the elbow or wrist 
joints after fixation. 
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DISTAL RADIAL FRACTURES 

Distal radial fractures including Colles' fracture are common in children, adults, and, especially. 
in elderly people. 

COLLES' FRACTURE 

Operation indications 

Figs. 1-2. Colles' fractures can be fixed with bioabsorbable devices. These fractures are mainly 
treated conservatively, but severe fractures are treated with internal or external fixation. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 30-60 mm,  SR-PGA screws 4.5 X 30-60 m m  or SR- 
PLLA screws 3,5 X 32-40 mm.  

The fracture is closed, reduced, and held in good position by hands. Through a small straight 
incision over the styloid process of the radius, two channels are drilled through the radius to the 
distal direction and in the V-shape. The drillbits of 2.0 m m  or 3,2 m m  in diameter are used for 
corresponding rods and 3.5 m m  or 2,7 m m  for 4.5 or 3 ,5  m m  screws, respectively. The channels 
are measured and flushed. Using a corresponding applicator suitable rods are inserted. For the 
screws the channels are tapped with a corresponding tapping device. Countersinking is done for 
the head of the screw. The channel is flushed and measured. The screw is inserted with a 
screwdriver using the two-finger technique. The combination of a rod and a screw is 
recorn~iiended. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded dorsal plaster cast is applied for five weeks. 

C m  UFFE URS 'S  FRA C T URE 

Figs. 3-4. Dislocated distal radial fracture, e.g. chauffeur's fracture, is an indication for operation 
to achieve the anatomical reduction. 



Operation technique 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 50-70 m m  or SR-PGA or SR-PLLA screws 4,5 X 50- 
70 m m  or SR-PLLA screws 3,5 X 32-40 mm.  

The fracture is closed, reduced, and fixed temporarily by hands. A short straight incision is made 
on the fracture site. The fracture is exposed. It is fixed with a bioabsorbable rod or screw in the 
hole drilled through the fracture. When the hole is measured and flushed, the rod can be inserted 
with a special applicator. For the screws the channels are tapped with a corresponding tapping 
device. Countersinking is done for the head of the screw. The channel is flushed and measured. 
The screw is inserted with a screwdriver using the two-finger technique. A radiograph is taken to 
ensure the result. The wound is closed. 

Postoperatively a padded dorsal plaster cast for four weeks is recommended. 

Results 

The following radiographs will show examples of correction and healing of dislocated distal radial 
fracture by bioabsorbable fixation with rods or scre WS. 

Figs. 5 (a-d). The radiographs show Colles' fracture (a,b) and the postoperative result with healing 
in good position (c,d). (Absorbable fixation in orthopaedics and traumatology, p. 97) 



Figs. 6 a-f. Displaced fracture of the distal radius (Barton) in a 28-year-old male. Radiography 
taken on admission (a,b). Radiographs (c,d) after open reduction and internal fixation with an 
SR-polyglycolide screw. Radiographs one year later (e,f). There is anatomical union of the 
fracture. 



Figs. 7 a-h. Displaced epiphyseal fracture of the distal radius in an 8-year-old boy. Radiography 
taken on admission (a,b). Radiographs (c,d) after open reduction and internal fixation with a 
polyglycolide, polylactide rod and screw. Radiographs ten months later (e,f), and the other side 
(&h).  There is anatomical union of the fracture. 



The patients and the main results are presented in the Table. 

Table. Patients with distal radial fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation t ime (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

The K-wire osteosvnthesis of fractures of the distal radius provides effective stabilization. The 
need for metal removal after fracture healing is, however, a disadvantage of this method. 
Therefore we measured the stability in a fracture model (oblique osteotomy, dorsal bone defect) 
in four groups (Control, five K-wires (1.3 m m ) ,  five PDS-pins (1.3 m m ) ,  and three K-wires (1.6 
m m ) ) .  With a load of 10  N the group with five PDS-pins showed 36 %, the  group with five K- 
wires 97 %, and the group with three K-wires 87 % of the maximal stability. The use of PDS-pins 
has a relatively insecure stabilizing effect. Furthermorel the insertion of PSD-pins is not easy. The 
reabsorbable PDS-pins cannot therefore be recommended for routine use in the treatment of 
distal radius fractures (Kretter et al. 1988). 

Colles' fractures of 40 patients were fixed with three 2 by 60 m m  SR-PGA pins with obtained 
reduction. Nine ou t  of these cases developed sinus formation (Hoffmann et al. 1989). 

In a prospective trial, biodegradable polyglycolic acid rods were compared with Kirschner wires 
for fixation of wrist fractures (Frykman types I, 11, V. and VI) (Casteleyn et al. 1992). Fifteen 
patients were randon~lv assigned to each treatment group. There was no  significant difference 
between the groups with regard to age, sex ratio, and fracture type. Kapandji's pinning technique 
was used in all cases. There were no significant differences in the  results obtained in both groups 
a t  the final follow-up. At three months and six months the fuctional results of the Kirschner-wire 
group were, however, significantly better (p<0.05), due to  numerous transient complications 
from foreign body reactions to the polyglycolic acid rods. The use of polyglycolic acid rods is 
therefore not recommended for fixation of distal radial fractures. The reason for the numerous 
transient foreign body reactions is the  placing of PGA rods, for the most  part, outside the bone 
tissue (Partio e t  al. 1992). Redislocation in our own operated cases was due to the learning curve 
of fracture fixation. However, a severely displaced main fragment, which is possible to reduce by 
using mini-invasive exposure, is recommended to  be treated by absorbable fixation to  obtain 
better results compared to  conservative treatment. 



Conclusions 

Colles' fractures can be treated with bioabsorbable devices to prevent shortening and inclination 
compared to conservative treatment. Separate distal radial fractures can be fixed with 
bioabsorbable rods or screws to secure healing in good position. 
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FRACTURES IN THE HAND 

Fractures of the hand are very common. 

Operation indications 

Figs. 1-2. Cancellous and cortical bone fractures in the hand can be fixed after reduction with 
small bioabsorbable devices. One example is Bennett's fracture. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 1,l-1,5 X 10-30 mm. 

A longitudinal, straight incision is made to expose the fracture. The fracture is reduced. It is fixed 
temporarily by hands. A channel is drilled for the rod in cortical bone through both cortices 
oblique to the fracture surface or through the joint and fracture intrarnedullarily near the 
proximal cortex. In cancellous bone the channel is drilled near the opposite cortex. The channel 
is measured and flushed. The fixation is made using an applicator of the same size as the channel 
for the rod. Preferably two rods should be used for secure fixation. A radiograph is taken to 
ensure the resdt .  The wound is closed. 

Postoperatively a padded plaster cast or an aluminium brace is used for five weeks in after- 
treatment. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 



Figs. 3 a-c. Displaced fracture of the 5. metacarpal in a 62-year-old female. Radiography taken on 
admission (a). Radiography (b) after open reduction and internal fixation with an SR-L-polvlactide 
rod. Radiographs two years and eleven months later (c). There is solid union of the fracture. 

The patients and the main results are presented in the Table. 

Table. Patients with fractures in the hand. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Discussion 

Polyglycolide implants were compared with Kirschner wires for intramedullary fixation of extra- 
articular fractures in the hand. Fifteen fractures were fixed with an 1.5 m m  intramedullary rod, 
and in a similar group a Kirschner wire was used (Kumta et al. 1992). In both a wire loop was 
added for extra fixation. At six months there was no significant difference between the two 
groups. There were no  allergic reactions to the polyglycolide implants. 

Open reduction and internal fixation with absorbable SR-PGA or SR-PLLA devices were used to 
treat 32 fractures of the hand at our department. The clinical results were reviewed in 20 patients 
with an average follow-up of 4.5 years. There were 17 metacarpal fractures, 12 phalangeal, and 



three carpal fractures. Thirty fractures were intra-articular. Subjectively 15 of the  20 ps ten t s  
indicated their satisfaction with the outcome of the  treatment. Redisplacement of fixation 
occurred in two out  of five Bennett's fractures. A minor redisplacement was observed in one 
comminuted and in one non-comminuted phalangeal intra-articular fracture. Foreign body 
reaction occurred in two patients with a Bennett's fracture and in one patient with a trapezoid 
fracture. A wound infection was seen in one patient with a Bennett's fracture and in one patient 
with a phalangeal fracture. The use of absorbable implants showed promising results in the intra- 
articular fractures of the metacarpal and phalangeal bones with the exception of the Bennett's 
fractures where the outcome was less favourable (Pelto-Vasenius et al. 1996). The same 
conclusion can be drawn of the use of absorbable implants in the fixation of scaphoid delayed 
union or non-union a t  Matti-Russe operation (Pelto-Vasenius et al. 1995). 

In the  field of hand surgery some clinical reports have been published on the  use of PDS rods for 
fracture fixation. Polydioxanone splints have been used, instead of Kirschner wires, in 13  cases 
to treat fractures of the  base or head of the  phalanges and metacarpals and, also, in conjunction 
with intra-osseous metallic suture wires, to  stabilize the bones in replantation surgery (Haas 
1986). Small rods of resorbable polydioxanone (PDS splints) have been used for stabilizing 
fractures of the phalanx, close to the base or head, both in transverse or comminuted fractures. 
Such internal splints were considered especially useful in the replantation of clean amputations. 
Used in combination with intraosseus wiring. osteosynthesis stable for exercise can be achieved 
in all cases. Internal splints can also be used in the  arthrodesis of the distal interphalangeal joints 
and the  metacarpophalangeal joint of the  thumb. In the  series of Wustner e t  al. ten cases were 
operated (Wustner et al. 1986). In five cases the  avulsion fracture of the extensor tendon was first 
fixed with two PDS splints to prevent rotation. Thereafter the fragment was put  on compression 
by a PDS suture. The treatnlent is similar to the  use of Kirschner wires and a wire tension-band 
(Rusterneier and Ganssmann 1986) In four ou t  of five cases the  clinical end result was perfect. 

Conclus ions 

Fractures in the hand call be fixed with bioabsorbable devices. The fixation can also be made 
through the joint. Art~cular cartilage heals creating hyaline-like or fibrous cartilage. 
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RUPTURED ULNAR COLLATERAL LIGAMENT OF THE FIRST 
METACARPOPHALANGEAL JOINT 

"Gamekeeper's thumb" or "Skier's" tear is a quite common injury and mus t  be treated adequately 
to prevent instability of the thumb which makes the pinch grip impossible. 

Operation indications 

Figs. 1-2. Clinically verified total instability of the  I metacarpophalangeal joint due to rupture of 
the ulnar collateral ligament is an indication for operation. 

Operation technique 

Implant: SR-PLL4 mini-tack 1,l  X 15. 

A dorsoulnar light S-shaped incision is made. The dorsal sensory branch of the  interdigital nerve 
is pushed ulnarily. The adductor aponeurosis is opened. The ligament is identified. The 
metacarpophalangeal joint is opened for the  identification of the joint surfaces. A drill channel of 
1!1 m m  in diameter is drilled perpendicularly to the axis of the  proximal phalanx 3-4 m m  distally 
from the joint surface. If the  rupture is proximal, the  channel is drilled in the same way into the 
head of the  first metacarpus. A Kirschner wire of 1,l m m  in diameter is used for the  channelling 
of the ligament. The channel is placed into the ligament a t  least 3-4 m m  from the  ruptured end 
of the  ligament. A bioabsorbable mini-tack is pushed through the ligament into the  bone 
channel. The wound is closed. 

Postoperatively a padded dorsal plaster cast from the middle of the distal phalanx to the 
proximal third of the  forearm is applied for four weeks. The sutures are removed after two weeks. 
and the piaster is changed. The mobilization is started after four weeks of immobilization. The 
movement of the  t h u m b  is controlled six weeks postoperatively. 

Results 

Good stability is achieved with a mini-tack, and the pinch grip is safe. 

The patients and the  main results are presented in the  Table. 



Table. Patients with ruptured ulnar collateral ligament of the first 
rnetacarpophalangeal joint. 

Issue Number % 

Operation 202 6 6  

Age (mean; years) 35 , i  

Sex (femalelmale) 7811 24 39/61 

Operation time (mean; minutes) 2 i , 3  

Hospital stay (mean; days) 1,6 

Sick leave (days) 40,7 

Discussion 

Seventy patients with total avulsion or rupture of the ulnar collateral ligament of the first 
metacarpophalangeal joint were treated surgically, using an absorbable SR-PLLA mini-tack placed 
through the ligament and a channel in the base of the proximal phalanx. The device stabilized 
the joint immediately, and 69/70 ligaments were stable a t  six months. The subjective result was 
good or satisfactory in 66 of the cases. One case needed further surgery for pain in the scar and 
another developed local infection nine months postoperatively. On the basis of these findings, the 
new absorbable fixation method seems to be well suited for clinical use (Vihtonen et al. 1993). 
Similar results were obtained in the second series of 70 patients (Juutilainen et al. 1996), thus 
together in 140 patients (Juutilainen et al. 1994). The SR-PLLA mini-tack seems to  be a good 
device for this ligament injury (Vihtonen 1995). 

Conclusions 

Fixation of the ulnar collateral ligament of the I MP joint with a bioabsorbable mini-tack secures 
uneventful healing. 
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FRACTURES OF THE FEMORAL HEAD 

Femoral head fracture arises in connection of a hip dislocation. The fracture is uncommon. 

Figs. 1-2. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 30-50 m m  or SR-PLLA screws 2,O-2,7-3,5 X 20-40 
mm. 

A side position is used. A transverse posterior incision is made, as acetabular r im fracture must 
often be simultaneously fixed. The femur is dislocated. The bone fragment is pressed in place and 
fixed temporarily by hands or seldom by clamps. Two holes are drilled for bioabsorbable rods or 
screws. The channels are measured and flushed. The rods are inserted with an applicator. In large 
fragments (> 112 femoral head) screws of 4,5 m m  or 6,3 m m  in diameter are placed via the 
femoral neck after drilling, measuring, tapping, and countersinking. The screws are inserted with 
a screwdriver using the two-finger technique. The femur is reduced. If the acetabulum rim is 
fractured. it is fixed in the same wav. A radiograph is taken to ensure the result. The wound is 
closed. 

Postoperatively partial weight-bearing by crutches is allowed and continued for 6-12 weeks. 

Results 

The following radiographs will show examples of correction and healing of the femoral head 
fracture by open reduction and fixation with bioabsorbable rods and screws. 



Figs. 3 a-c. Displaced fracture of the femoral head in a 61-year-old male. Radiography taken on 
admission (a). Radiography (b) after open reduction and internal fixation with an SR-L-polylactide 
screw. Radiographs six nlonths later (c). There is anatomical union of the fracture. 

Figs. 4 a-c. Displaced fracture of the femoral head in a 29-year-old male. Radiography taken on 
admisson (a). Radiography (b) after open reduction and internal fixation with an SR-polylactide 
rod. Radiographs two years and eleven months later (c). There is anatomical union of the 
fracture. 



The patients and the main results are presented in the Table. 

Table. Patients with femoral head fractures. 

Issue Number % 

Operation 9 0,3 

Age (mean; years) 37,s 

Sex (femalelmale) 217 22/78 

Operation time (mean; minutes) 119,l 

Hospital stay (mean; days) 6 9  

Sick leave (days) 289,3 

Postoperative course: uneventful 

Discussion 

Huang et al. (1995) have used SR-PLLA implants in the fixation of femoral head fractures. Six 
femoral head fractures associated with a posterior traumatic dislocation of the hip were treated 
by open reduction and internal fixation using SR-PGA and SR-PLLA (one case) and SR-PLLA (all 
other cases) rods and screws. The follow-up time was 38  months on average (range from six 
weeks to 77 months).  In three patients the end result was excellent and in one fair. In one 
patient an arthroplasty was performed one year after primary osteosynthesis. One patient died six 
weeks after the accident of the consequences of cerebral injury (Jukkala-Partio et al. 1992, 
Jukkala-Partio et al. 1997). 

Conclusions 

Bioabsorbable rods or screws are suitable for fixation of femoral head fractures. In intra-articular 
fractures the use of bioabsorbable implants is especially useful, since the removal of metallic 
implants after fracture healing is a demanding procedure. Acetabular rim fractures are also 
interesting in this respect. 
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FEMORAL NECK FRACTURES 

Femoral neck fractures are the most common of the operatively treated fractures together with 
other upper femoral fractures and ankle fractures. Femoral neck fractures are common especially 
in the elderly with osteoporotic bone. 

Operation indications 

Figs. 1-2. The fracture itself is an indication for operative treatment, as otherwise also the 
undisplaced fracture mav dislocate or need conservative treatment in bed which is often risky for 
the elderly. 

Operation technique 

Implants: SR-PLLA screws 6,3 X 75-110 mm.  

The leg is fixed after an exact closed reduction of the fracture on the orthopaedic operation table. 
-4 small lateral incision is made in the trochanteric region. Just below the exposured greater 
trochanter one Kirschner wire is drilled into the middle of the femoral neck by using radiographic 
control. This Kirschner wire is a guide, when drill holes for three SR-PLLA screws are drilled with 
a 4.5 111111 drillbit up to the subchondral bone. The drillbits are left in their place. The drillbits are 
removed individually. The cortex is drilled by using a 5 m m  drillbit due to the shape of the screw. 
The lengths of the drill holes are measured. The drill holes are tapped with a special 6,3 m m  tap 
and rinsed. A countersink is used for the head of the screw. The holes are flushed. The screws are 
inserted with a special screwdriver by using the two-finger technique. The head of the screw is 
cut by using an oscillating saw. A radiography is taken to ensure the results. The wound is closed 
including fascia, subcutaneous tissue, and skin. 

Postoperatively partial weight-bearing by crutches is allowed immediately and continued until 
the healing of the fracture has occurred. 

Results 

The following radiographs will show examples of correction and healing of femoral neck fracture 
by fixation with bioabsorbable screws. 



Figs. 3 a-f. Displaced fracture of the femoral neck in a 71-year-old female. Radiography taken on 
admission (a,b). Radiographs (c,d) after open reduction and internal fixation with three SR-L- 
polylactide screws. Radiographs two years and nine months later (e,f). There is solid union of the 
fracture. 

The patients and the main results are presented in the Table. 



Table. Patients with femoral neck fractures. 

Issue Number % 

Operation 

Age (mean; years) 

S ex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

After an experimental study we started to use lag screws of 6,3 m m  in diameter for fixation of 
femoral neck fractures. The series consisted of 36 patients, six males and 30 females. According 
to the Garden classification, there were I 4, I1 21, I11 9, and IV 2 fractures. The mean age of the 
patients was 73,4 (36-96) years and the average follow-up time 20,4 (1-41) months. Three screws, 
75-110 m m  in length, were used in all fixations. After closed reduction of the fracture the drilling 
was performed under X-ray control, and the screw length was measured, as the screw is not 
visible radiographically. Postoperatively the patients were allowed to walk with partial weight- 
bearing, though the older patients used full weight-bearing. In 25 Garden I and I1 fractures there 
were two failures of fixation after fresh falls, one pseudoarthrosis, and one aseptic necrosis of the 
femoral head. Twenty-one out of 25  (S4 %) fractures healed uneventfully. In nine Garden I11 
fractures there were three failures of fixation, and one pseudoarthrosis. In two Garden IV fractures 
redisplacement occurred, in both cases three weeks postoperatively. There was one other 
complication with delay in wound healing. There was no DVT or infection. We conclude that self- 
retained 6.3 m m  diameter screws can be safely used to fix Garden I and I1 fractures and Garden 
I11 fractures in young cooperative patients. If it is necessary to perform total hip arthroplasty later, 
these screws can be cut  at the same time as the femoral neck without disturbing the arthroplasty 
operation (Jukkala-Partio et al. 1995). 

Conclusions 

Fixation of the femoral neck fractures can be performed successfully in Garden I and I1 type 
fractures and even in Garden I11 type fractures in young and well-cooperative patients with 
comparable results to metallic fixation. 
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FEMORAL CONDYLAR FRACTURES 

Condylar fractures of the  femur are not  common but, however, often seen in adolescents due to  
sports activities. 

Operation indications 

Figs. 1-2. Dislocated condylar fractures of the femur can be fixed with bioabsorbable rods and 
screws. With an exact reduction the postoperative arthrosis of the knee joint can be avoided. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 x 25-70 m m ,  SR-PGA or SK-PLLA screws 4,5 X 25-70 
m m  or SR-PLLA screws 3.5 x 35-45 mm. 

A medial or lateral parapatellar incisio~i is made depending on the site of the fracture. The joint 
is opened. The fracture is reduced. Temporary fixation is produced with clamps. At least two drill 
channels are created for either bioabsorbable rods or screws. With a corresponding drillbit a 
channel is drilled for the rod. A drillbit of 3 ,5  m m  in diameter is used to make a channel for a 
screw of 4,5 mnn i l l  d i a ~ ~ l e t e r  aiid 3.7 m m  for a 3,5 mm screw, respectively. The length of the 
channels is measured. The cliannels are washed. The rods are introduced with a special applicator 
to fix the bone fragnlei\ts. Ii screws are used, the channel is treated with a corresponding tapping 
instrument and countersunk. Screws are turned in with a screwdriver with the two-finger 
technique. A radiograpll is take11 to secure the result. The wound is closed in layers. 

The postoperative treat lllerlt includes innmobilization with a padded and splited plaster (closed 
in 3-5 days) cast for iour weeks to secure the union of the fracture. 



Results 

Figs. 3 a-d. Displaced epiphvseal fracture of the  lateral femoral condyle in a 15-year-old boy. 
Radiographv take11 011 adn~iss ion (a,b). Radiography after open reduction and internal fixation 
with an  SR-L-polylactitie screw two vears and three months  later (c.d). There is anatomical union 
of the  fracture. 

The  patients arid tile 111ai11 results are presented in the  Table. 



Table. Patients with femoral condylar fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

Nine adolescent patients with a femoral fracture involving the physeal plate were treated by using 
self-reinforced absorbable polyglycolide (SR-PGA) and poly-L-lactide (SR-PLLA) screws with a 
follow-up of an average of two years and two months. During the follow-up all but one of the 
femurs became skeletally mature. In two out of nine patients a clinically significant growth 
disturbance occurred. The average difference in the length of the femurs was -5 m m  (ranging 
from +S m m  to -41 m m ) .  One valgus deformity was noted. In four patients a lengthening and 
in four patients a shortening of the operated femur were registered at  the end of the follow-up. 
Open reduction and fixation with absorbable screws seem to be suitable for fixation of distal 
femoral fractures in adolescents (Partio et al. 1997). Bioabsorbable osteosynthetic screws, pins. 
and nails made of orientated polylactide were developed and their use evaluated in 143 patients 
(Yarnamuro et al. 1994). The follow-up was from two to six years. The implants were used for 
peri- and intra-articular fractures in 49 patients mostly in the knee region. Bony union was 
achieved in all these fracture cases. There were no cases with abnormal blood tests, infection or 
foreign body reaction (Yamamuro et al. 1994). 

Conclusions 

Bioabsorbable rods and screws of different sizes can be used for fixation of femoral condvle 
fractures. The size of the implant depends on that of the fragment. In this way the healing is 
ensured. 
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RUPTURED ANTERIOR CRUCLATE LIGAMENT OF THE KNEE 

Injuries of the ligaments of the knee are common especially in sportsmen. 

Operation indications 

Fig. 1. Total rupture of the anterior cruciate ligament of the knee is an indication for operation. 
The bone-tendon-bone (BTB) technique can be used. Fixation is done with bioabsorbable 
expansion plugs or screws. 

Operation technique 

Implants: SR-PLL-4 plugs 6,O X 30 m m ,  SR-PLLA screws 6,3 X 75 m m .  

A straight vertical anterior incision is made of the removal of the BTB graft and for an approach 
to the tibia. The size of the BTB graft in the tibial tubercle and patella should be marked. Two- 
millimetre wide channels are drilled into the patella and proximal tibia in the marked bone blocks 
for sutures to insert the graft into the drill channels. The graft is removed with an oscillating saw 
and the tendineous part of the graft with a knife. The bony parts are measured. Hoffa's fat is 
removed. -4 small lateral incision is necessary to drill the channel for the BTB graft in the femoral 
side and to insert the expansion plug. Using a corresponding drillbit a channel is drilled for the 
bony parts of the graft in the femur and tibia. The BTB graft is inserted into the right place in 
the drill channels in the femur and tibia. The position of the bony parts of the graft is measured. 
A channel is drilled for the expansion plug. The plug is inserted into the channel with its 
applicator. The expansion rod is put into the plug. The movement of the joint is tested and the 
tension of the BTB graft observed. A drainage is inserted. A radiograph is taken to ensure the 
result. The wound is closed. 

Postoperatively the drainage is removed on the first postoperative day. The patient is mobilized 
by crutches with partial weight-bearing, and a brace can be used. The flexion is allowed to 4n 
degrees during the first three weeks, to 60 degrees in the next three weeks, and up to 90 degrees 
during the following three weeks. After that free mobilization and after three to four months 
sports activities are allowed. 
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Results 

The following radiographs will show healing of BTB graft by fixation with bioabsorbable screws 
or plugs. 

Figs. 2 (a-d). The functional and radiological results (three-year interval; a,b and c,d) are 
comparable with those of metallic fixation and arthroscopical operations. (Absorbable fixation in 
orthopaedic Surgery, p. 61). 

The patients and the main results are presented in the Table. 

Table. Patients with ruptured anterior cruciate ligament of the knee treated 
with BTB graft. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (female/male) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 



Discussion 

In a bovine cadaver study, bone-tendon-bone graft fixation strength with different graft geometry 
and fixation devices was measured to evaluate the fixation strength of totally absorbable implants: 
a 6.0-mm expansion plug and a 6.3-mm screw both made of self-reinforced polylactide (SR- 
PLLA). Comparison was made with a 6.5-mm A 0  cancellous screw. Maximum tensile force to 
dislodge the bone plug from the bone tunnel was recorded. First, two preliminary tests were 
performed. In the first test, triangular bone plugs were used (9-mm diameter). The direction of 
the pull force was parallel to the bone tunnel. The maximum tensile forces were 786 N in femoral 
insertions and 625 N in tibial insertions, mean. After this, the influence of change was evaluated 
in the pullout direction. In the second test, a circular bone plug was used with no  fixation, but 
the direction of the pull force was parallel to the tibial or femoral axis and the bone plug (10-mm 
diameter) was in a 30" to 40" angle to the direction of the pull force and it was compressed to 
the tunnel (9-mm diameter). The maximum tensile forces were 783 N in femoral insertions and 
695 N in tibial insertions, mean. In the final third test, a curved saw was used in harvesting the 
graft. This made a half-circular bone block with a diameter of 12 mm.  The maximum tensile 
force to dislodge the bone plug from the bone tunnel was recorded, and the pull force was in a 
30" to 40" angle to the tunnel. The results were evaluated with Student's t-test and Mann- 
Whitney U-test. With the A 0  screw, the maximum tensile force to dislodge the bone plug from 
the bone tunnel was 2,113 -+ 407 N (mean -t standard deviation) and it was better than the 
fixation strength of the SR-PLLA expansion plug , 1,379 + 328 N (P = .009, t-test) and better 
than that of the SR-PLLA screw, 1,454 + 230 N (P = .007, t-test). However, the maximum 
tensile force of both SR-PLLA implants in all measurements in the third test was above 1,100 N, 
and it seems that the initial strength of totally absorbable implants is enough for clinical use 
(Tuompo et al. 1996). 

Twenty-four patients with anterior cruciate ligament rupture were operated with patellar tendon 
bone graft using the two-incision arthrotomy technique. The graft was fixed with a self-reinforced 
polylactide SR-PLLA screw or bolt. The follow-up time was 3,2 years on average. Nineteen 
patients were evaluated at the follow-up. Fourteen patients estimated that their knee was 
excellent or good. The anterior laxity of the tibia respective to the femur was tested with an 
arthrometer using 2022 (9 kg) manual posteroanterior force directed to the tibia. In ten patients 
the side-to-side difference was two millimetres. The pivot shift sign was negative in nine knees, 
slightly positive in five knees, and positive in five knees. The orientation of the femoral bone 
tunnel in the anteroposterior and side view influenced the clinical outcome. No difference in the 
results between the SR-PLLA screw or bolt was noted. MRI was performed in seven cases; in two 
cases there was oedema in the graft. No synovitis or tissue reaction was noted (Tuompo et al. 
1997). 

A biodegradable poly-L-lactide (PLLA) augmentation device was used to reinforce a fascia lata 
graft in cranial cruciate ligament repair in 12 dogs and conlpared clinically and radiographically 
with the fascia lata replacement technique in 15 dogs. Clinically, at 12 weeks the stability of the 
stifle joints was significantly better (p<0.05) with the use of the PLLA implant with the fascia 
lata. At 24 weeks no  significant differences were found in the clinical or radiographic outcome 
between the two groups (Laitinen 1994). 

Conclusions 

The end results have been comparable with those obtained by other methods. An arthroscopical 
technique can be used for fixation of ruptured anterior cruciate ligament of the knee. 
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FRACTURES OF THE PATELLA 

Fractures of the patella can be caused by direct or indirect (muscular) forces. 

Operation indications 

Figs. 1-2. A vertical fracture of the patella can be treated conservatively if the extensor apparatus 
is in good condition. Instead, a dislocated horizontal fracture mus t  be operated. 

Operation technique 

FIXATlON OF HORIZONTAL FRACTURE OF THE PATELLA 

Implants: SR-PGA or SR-PLLA screws 4,5 x 50-70 m m  or SR-PLLA screws 3,5 X 40-45 m m  with 
SR-PLLA wire 0.5 x 50 m m .  

A vertical incision over the patella is done. The fracture is reduced and fixed temporarily with 
clamps. Two drill channels are drilled with drillbits of 3,5 m m  in diameter for a screw of 4,5 m m  
in diameter or with drillbits of 2 , i  m m  in diameter for a screw of 3,5 m m  in diameter. The drill 
channel is tapped with a corresponding tapping device and countersunk for the screw head. The 
channels are measured and flushed. The screws are inserted with a screwdriver by a pinch grip. 
For rods same-sized drillbits arid applicators are used. A PLLA wire is twisted twice around the 
patella in soft tissues. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded and first split plaster (closed in 3-5 days) cast is used for four weeks. 
For selected patients postoperative immobilization is not necessary. 



Figs. 3-4. Patellar rim fractures result from a patellar dislocation. Osteochondral fractures in other 
parts of the patella are also possible. Fractures of a considerable size can be fixed with small 
bioabsorbable rods. 

Operation technique 

FIXATION OF SMALL-FRAGMENT FRACTURES OF THE PATELLA 

Implants: SR-PGA or SR-PLLA rods 1,5-2,O X 20-40 m m  and SR-PLLA screws 2,O-2,'i X 20-24 
mm.  

A short vertical parapatellar incision is used to open the joint and fracture site. The fracture is 
reduced. The position is held with fingers or with a clamp. The drill holes are drilled with drillbits 
corresponding the size of the rod. The length of the channel is measured, and the channel is 
flushed. The fracture is fixed by rods introduced with same-sized applicators. Other procedures 
similar to those in the treatment of all injuries are performed. A radiograph is taken to ensure the 
result. The wound is closed. 

Postoperatively a padded, compressive bandage is applied. Weight-bearing by crutches is 
allowed immediately. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
bioabsorbable fixation with screws. wires, and rods. 



Figs. 5 a-f. Displaced fracture of the patella in a 27-year-old male. Radiography taken 011 

admission (a,b). Radiographs (c,d) after open reduction and internal fixation with an SR-L- 
polylactide rod. Radiographs one year and two months later (e,f). There is solid union of the 
fracture. 
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6 a-f. Displaced fracture of the patella in a 33-year-old female. Radiography taken 
sion (a,b). Radiographs (c,d) after open reduction and internal fixation with an SR 
ctide screw and an SR-poly-L-lactide wire. Radiographs two years later (e,f). There 
mica1 union of the fracture. 



Figs. 7 a-f. Displaced cornnlir~uted fracture of the patella in a 61-year-old female. Radiography 
taken on admission (a,b). Radiographs (c,d) after open reduction and internal fixation with a SR- 
polyglycolide, -poly-L-lactide rod and screw. Radiographs two years later (e,f). There is anatomical 
union of the fracture. 



Figs. 8 a-f. Displaced osteochondral fracture of the patella in a 31-year-old male. Radiography 
taken on admission (a.b). Radiographs (c,d) after open reduction and internal fixation with an 
SR-poly-L-lactide rod. Radiographs seven months later (e.0. There is anatomical union of the 
fracture. 

The patients and the main results are presented in the Table. 



Table. Patients with patellar fractures. 

Issue Patellar fractures 

Vertical + osteochondral Horizontal 

Number % Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thron~bosis 

Redislocation 

Sinus formation 

Discussion 

Olecranon and patella fractures fixed with biodegradable implants (SR-PLLA wire combined with 
SR-PGA screw or SR-PLLA plug) or metal implants (tension band wiring, Kirschner wire, and 
metallic cerclage wire) were compared in a prospective, randomized study. Twenty-five olecranon 
fractures (15 with biodegradable implants and ten with metallic ones) and ten patella fractures 
(six with biodegradable implants and four with metallic ones) were treated. There were no 
differences seen between the implant types in the outcorrie (Juutilainen et al. 1995). The outcome 
of patella fractures fixed by biodegradable tension-band (B) with self-reinforced polyglycolide or 
self-reinforced poly-L-lactide plugs and polyester ligaments or by metallic tension-band (M) with 
Kirschner wires and metallic cerclago wire in a randomized study was cornparod (Chen et al. 
1998). There were no clinical or radiographic differences between the two methods. Patella 
fractures can be treated. successfully using biodegradable tension band fixation with no need for 
a second operation to remove the implants after bone union. 

Conclusions 

Horizontal fractures of the patella can be treated with bioabsorbable screws. Rods can also be 
used. The SR-PLLA wire ensures the strength of fixation. Bioabsorbable rods are suitable to fix 
small intra-articular bone fragments. 
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MENISCAL RUPTURES OF THE KNEE 

Injuries of the menisci are common. 

Operation indications 

Figs. 1-2. Vertical, longitudinal ruptures (bucket-handle) located in the  peripheral (red, red-white) 
part of the  meniscus in the  knee can be fixed with bioabsorbable arrows. 

Operation technique 

Implants: SR-PLLA arrows 1,l X 10, 13, (in posterior 1/3), 1 6  m m  

Standard arthroscopic portals are used for meniscus fixation in the  posterior 213 of the  meniscus. 
In the  anterior lesion (113) accessory portals may be necessary. The rupture is freshened with an 
arthroscopic rasp and reduced. The cannula with a blunt obturator inside is inserted. It will keep 
the  rupture in place. The obturator is removed. A channel is made with a special needle through 
the  meniscus into the joint capsule. Irrigation fluid is retracted. Fluid loss can be prevented with 
the  t h u m b  over the hole in the  cannula. The needle is retracted. The arrow is pushed to the  
surface of the meniscus with the  obturator via the cannula. The implant is inserted bv 
hammering into the meniscus. The T-shaped head is left on as the  surface of the  meniscus. The 
entire procedure is repeated a t  another site (distance 5-10 m m ) .  Normally from two to four 
arrows are needed. 

Postoperatively partial weight-bearing in a brace with limited flexion and extension for the first 
six weeks is recommended. Sports activities should not  be started until after six months.  

Results 

Bioabsorbable meniscus arrows fix the  nreniscal rupture better than sutures. The operation time 
is shortened, and there are fewer complications. 



The patients and the main results are presented in the Table. 

Table. Patients with meniscal tears. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (female/male) 

Operation time (mean; minutes) 71,s 

Hospital stay (mean; days) 2,4 

Sick leave (days) 62,l 

Postoperative course: uneventful 

Discussion 

Twelve patients operated on with meniscal arrows were compared to the meniscus suture 
technique. Six patients had a concomitant anterior cruciate ligament (ACL) rupture and in three 
of them an ACL reconstruction was performed simultaneously. All patients underwent repeat 
arthroscopy after 3-4 months. In two of them the rupture had not healed, and one patient 
suffered from a rerupture after one year, the new rupture being sited more centrally than the 
original lesion. All original lesions were situated closer than 6 m m  from the capsule, and no torn 
bucket-handles were re-inserted. With this new technique the operation time was found definitely 
shorter. There is little or no  risk of neurovascular damage, and additional skin incisions and 
exposure of the knee joint capsule are superfluous. These preliminary results are encouraging, but 
it is still too early to consider this method superior to the previous suture technique (Albrecht- 
Olsen et al. 1993). 

Conclusions 

Bioabsorbable meniscus arrows stabilize the meniscus during healing and can be used for bucket- 
handle type ruptures of the knee in the red or red-white areas. 
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FRACTURES OF THE TIBLAL CONDYLES 

Most fractures of the tibial condyles occur only in the lateral condyle. 

Operation indications 

Fig. l .  Displaced (2 2 mm) condylar fracture of the tibia is an indication for operative treatment. 
Fixation with a bioabsorbable rod or screw is needed. If the fracture is comminuted, bone 
transplantation should be made at the same time. 

Operation technique 

Fig. 2. 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 20-70 mm, SR-PGA screws 4,5 X 25-70 m m  or SR- 
PLLA screws 3,5-4,5 X 25-70 mm. 

Either a lateral or medial straight incision is made depending on the site of the fracture. Exact 
reduction is done. The joint is opened to notice if there is any dislocation of the joint surface. 
Temporary fixation is achieved with clamps. The fixation is done either with a bioabsorbable rod 
or screw or both. With a corresponding drillbit a channel is drilled for the rod. A drillbit of 3,5 
m m  in diameter is used to make a channel for a screw of 4,5 m m  in diameter and a 2,7 m m  
drillbit for a 3,5 m m  screw, respectively. The channel is measured and flushed. Rod fixation is 



done with a rod applicator of the same size. In the screw fixation a corresponding tapping 
instrument and a countersink are used to create a channel for the screw. The channel is 
measured and flushed. The screw is placed in a screwdriver and inserted into the screw hole. 
Only two fingers are used to tighten the screw. The reduction is checked radiographically in AP 
and lateral views. The wound is closed. 

Postoperative treatment includes muscle training and walking on crutches without full weight- 
bearing on the operated limb during six weeks. If immobilization is needed, a padded and split 
plaster (closed in 3-5 days) cast is worn for six weeks. 

Results 

Figs. 3 (a-d). The radiographs show a fracture of the lateral femoral condyle (a,b) and healing in 
good position after fixation with bioabsorbable devices (c,d). (Absorbable fixation in orthopaedics 
and traumatology, p. 55). 



Figs. 
Radi~ 
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4 a-f. Displaced fracture of the lateral tibial condyle. Radiography taken on admission (a, 
ographs (c,d) after open reduction and internal fixation with polyglycolide/polylact 
#crew. Radiographs two years later (e, f). There is an anatomical union of the fracture. 



The patients and the main results are presented in the Table. 

Table. Patients with tibial condyle fractures. 

Issue Number % 

Operation 2 3 0,7 

Age (mean; years) 29,O 

Sex (femalelmale) 511 8 2 217 8 

Operation time (mean; minutes) 55,3 

Hospital stay (mean; days) 4,3 

Sick leave (days) 140,s  

Postoperative course: uneventful 

Discussion 

Six patients with displaced split-depression-type tibial condylar fractures were treated with 
bioabsorbable, self-reinforced polyglycolide screws. One patient underwent re-operation due to an 
unacceptable primary fracture reduction unrelated to the implant material. The others healed well 
with good functional and anatomical results, despite one slight redisplacement in a medial 
condylar fracture treated without plaster cast immobilization (Kankare 1997). 

Conclusions 

Fractures of the tibial condyles can be fixed with bioabsorbable rods and screws. Severely 
comminuted and unstable fractures have to be treated with special metallic plates. 
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NlALLEOLAR FRACTURES 

Displaced malleolar fractures 
operative fracture treatment. 

together with upper femoral fractures account for half of the 

Operation indications 

Figs. 1-2. Bioabsorbable rods are indicated for the alignment of displaced Weber A-, B-, C-type, 
and big posterior tibial margin fractures, and rupture of the syndesmosis. 

Operation technique 

TECHNIQUE WITH RODS 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 20-70 mm. 

The fractures are exposed by straight lateral and medial incisions. First the lateral fracture is 
debrided and reduced exactly with bone clamps. A hole is drilled across the fracture site with a 
drillbit of 2,0 or 3,2 m m  in diameter for the rod of the same size. The drill channel is measured 
with a depth gauge. The site is flushed to remove debris from the drilling. An appropriate rod is 
chosen, immersed in saline, introduced first in the channel by hand and placed in the applicator, 
and inserted by hammering into the hole. The end which protrudes from the periosteum is 
removed. An electric loop or an oscillating or dental saw works well in this application. The 
rupture of the syndesmosis needs rod fixation with two horizontal rods or one oblique by 
introduced rod. Large posterior tibial margin fractures (> 115) as well as fractures of the anterior 
tibial margins are fixed from the anterior cortex backwards and parallel to the joint-space placed 
rod. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded, splited below-the-knee plaster (closed in 3-5 days) cast is applied. The 
patients should remain at hospital until they can go on crutches. The closure of the cast is done 
before discharge from hospital. The first check-up is at three weeks. Partial weight-bearing may 
begin at 15-30 kg. After five weeks full weight-bearing is allowed. At six weeks the cast is 
removed. 
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Operation indications 

Figs. 3-4. Bioabsorbable screws are indicated for fixation of displaced Weber A-, B-, C-type, and 
big posterior tibial margin fractures. 

Operation technique 

TECHNIQUE WITH SCREWS 

Implants: SR-PGA or SR-PLLA screws 4,5 X 25-70 m m  and SR-PLLA screws 3,5 X 40-45 mm.  

The fractures are exposed by lateral and medial incisions. First the lateral fracture is debrided and 
reduced exactly with bone clamps. A 3,5 m m  hole is drilled across the fracture site. The hole is 
tapped using a Biofix 4,5 m m  screw tap and countersunk for a 4,5 m m  screw. A drillbit of 2,7 
m m  in diameter is used for a screw of 3,5 m m  in diameter. The drill channel is measured with 
a depth gauge. The site is lavaged. Screws are chosen and itnmersed in saline. The screw is 
placed in a screwdriver and inserted into the screw hole. Only two fingers are used to tighten the 
screw. The screw head (bicortical fixation only) or the section of the screw head is removed. An 
electric loop and an oscillating or dental saw works well in this application. Rupture of the 
syndesmosis needs screw fixation with two horizontal screws or, more distally, one oblique by 
introduced screw. Large posterior tibial margin fractures (>1/5) as well as fractures of the 
anterior tibial margins are fixed from the anterior cortex backwards and parallel to the joint-space 
placed screw. A radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded, splited below-the-knee plaster (closed in 3-5 days) cast is applied. The 
patients should remain at  hospital until they can go on crutches. Closure of the cast is done 
before discharge from hospital. The first check-up is a t  three weeks. Partial weight-bearing may 
begin, full weight-bearing is allowed after five weeks, and at  six weeks the cast is discarded. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 



Figs. 5 a-f. Displaced bimalleolar fracture of the ankle in a 21-year-old female. Radiography taken 
on admission (a,b). Radiographs (c,d) after open reduction and internal fixation with an SR- 
polyglycolide rod and an SR-poly-L-lactide screw. Radiographs one year later (e,f). There is solid 
union of the fracture. 



Figs. 6 (a-b). The radiographs show a severe ankle fracture before fixation (a) and one year later 
(b). The fracture is healed after bioabsorbable fixation. (Absorbable fixation in orthopaedic surgery, 
p. 51). 

The patients and the main results are presented in the Table. 

Table. Patients with ankle fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

Our own clinical studies were started in 1984 by using polyglycolide/poly-L-lactide (PGA/PLLA) 
rods and sutures in the fixation of displaced malleolar fractures (Rokkanen et al. 1985). In our 
first prospective, randomized clinical trial 44 patients with a displaced fracture of the ankle were 
treated with conventional metallic implants or with bioabsorbable PGA/PLLA rods and sutures. 
There were no differences between the two groups in the early results (Rokkanen et al. 1985). 
After a follow-up of at least one year, no significant differences emerged in the complication rate 
or in the results of treatment between these two methods of fixation in 56 patients (Bostman et 
al. 1987). 

In one of our studies, 289 patients were operated on using mainly SR-PGA rods in the fixation 
of 151 displaced ankle fractures (Hiwensalo 1989). The functional and radiologic results have 



been promising. Also other research groups have used these rods for ankle fracture fixation (ten 
patients in the study of Leixnering et al. 1989, 15  patients in the study of Ruf et al. 1990, and 43 
in the study of Dijkema et al. 1993 fixed either by metallic or bioabsorbable devices with 
favourable results in both, and 32 selected supination eversion cases in the study of Ahl et al. 
1994 with exact reconstruction in 26/32 cases), and in 3/38 small fragment fracture fixations 
(Steinmann et al. 1990). 

Clinical studies on the application of SR-PGA and SR-PLLA screws in the fixation of cancellous 
bone fractures were also started in the late 1980's. In a prospective study, 319 operations were 
performed on 318 patients between May 10, 1987 and March 14, 1991 (Partio 1992). SR-PLLA 
screws alone were used in 38 fixations, together with SR-PGA screws in 1 4  fixations. and only 
SR-PGA screws in 247 fixations. SR-PGA polyglycolide rods were used as controls in 20 fixations. 
Metallic screws served as controls in seven fixations. All patients were followed prospectively, and 
the radiologic and functional outcome was analysed. The trauma indications were 259 ankle 
fractures. The method showed subjectively excellent or good results in more than 90 % of the 
patients with a fracture. Thirty-three out  of 216 patients with an ankle fracture were treated 
postoperatively without plaster cast immobilization with, at least, a good end result. 

SR-PGA screws can also be used in osteoporotic bone, as, in a prospective clinical study, a total 
of 37  patients of a t  least 65 years of age with displaced malleolar fractures were managed by open 
reduction and internal fixation using either biodegradable screws and rods or metallic implants 
in a randomly allocated series (Kankare et al. 1996). The results were assessed approximately one 
year after the fracture. One wound infection occurred after metallic fixation. Re-operation due to 
displacement of the  fracture was needed in one patient after bioabsorbable fixation. There were 
no  major differences in the  end results between both operative methods used. SR-PGA screws are 
not  recommended for fixation of displaced ankle fractures in alcoholics because of redislocation 
needing 6/16 re-operations (Kankare et al. 1995). 

In one clinical study, l 9  ankle fractures were fixed by plates and screws made of biodegradable 
polylactic acid (Eitenmuller et al. 1996). Fracture union was achieved within six weeks. Of the 
patients 52 % demonstrated an aseptic soft tissue problem caused by delayed clearance of the 
degrading polylactide particles. In another study of seven patients volume reduced plates and 
screws with flat heads were applied. None of these patients had any soft tissue reaction. The 
results clearly indicate that  the application of plates and screws of polylactic acid is acceptable for 
fixation of ankle fractures. Soft tissue inflammatory reactions can be avoided by using volume 
reduced implants (Eitenmuller et al. 1996). In bone and when implanted subcutaneously, 
polylactid implants have caused experimentally the same kind of tissue reaction (Bergsma et al. 
1996). 

Displaced ankle fractures have been treated using absorbable screws in the fixation of fractures 
in 71 patients. The follow-up time was on average 1 7  months  (range 13-33 months).  Fixation 
devices of SR-PGA were used in 32 cases, SR-PLLA in 28  cases, and combined with SR-PGA 
screws in 11 cases. Thirty-eight of the  ankle fractures were immobilized with a plaster cast, and 
33  ankle joints were mobilized immediately with a brace. An exact radiological result was 
achieved in 66 cases, insignificant displacement was observed in four cases, and the result was 
poor in one patient. The clinical result was classified as excellent in 62 patients, good in eight 
patients, and poor in one patient. The patients treated postoperatively without a plaster cast 
healed in a somewhat shorter time, but a t  the one-year follow-up the  differences in the clinical 
results were almost indistinguishable (Partio 1992). 

One hundred and fifty-five patients who had a closed, displaced medial malleolar, birnalleolar or 



trimalleolar fracture of the ankle were managed with medial malleolar fixation with the use of 
either 4.0-millimetre orientruded polylactide screws (S3 patients) or 4.0-millimetre stainless-steel 
screws (72 patients) (Bucholz et al. 1994). All lateral malleolar fractures were stabilized with 
standard metallic implants. At an average of 37  months  (range 21-59 months),  the radiographic 
and functional results of the two methods were statistically equivalent. The occurrence of 
operative and postoperative complications by both methods was not statistically significant. Late 
development of sinus caused by the hydrolyzed polylactide was not noted in any patient. The 
prevalence of late tenderness over the medial malleolar implant was lower in the patients in 
whom the fracture had been stabilized with polylactide screws. It was concluded that  polylactide 
screws are a safe and effective alternative to stainless-steel screws for fixation of displaced medial 
malleolar fractures. Also Rehm et al. (1997) have made similar comparisons with the same 
devices. The clinical results did not  show any difference between these devices. Also in the 
comparison of the treatment of bimalleolar fractures between the conservative, metallic, and 
bioabsorbable fixation methods, bioabsorbable implants proved to be of value (Velkovski 1995). 

Fifty-one patients with displaced fracture of the ankle treated by open reduction and internal 
fixation with bioabsorbable SR-PLLA screws were followed up for a t  least three years (Bostman 
et al. 1995). The tissue tolerance and degradation of the devices were studied clinically and 
radiographically using computed tornographic scans. Biopsy specimens for histologic examination 
were taken in five patients. Good reduction of the  fragments was maintained until union in all 
but one of the patients. A mild, transient, subcutaneous foreign body reaction occurred in one 
patient 22 months  after fixation of the fracture. The biopsy specimens taken 45  months  after the 
original surgery showed areas of polylactide in the tissues. In three patients an irritating palpable 
subcutaneous screw head had to be removed. 

When wound infection associated with absorbable or metallic devices used in the fixation of 
fractures, arthrodeses, and osteotomies was studied in 2114 operations, the infection rate was 
only 0.7 96 with pure SR-PLLA implants but 4 % with pure SR-PGA implants (Sinisaari et al. 
1995). When comparisons of the infection rates were made between metallic (2073 patients) and 
absorbable fracture fixation devices (1012 patients) in displaced ankle fractures, the infection rates 
were 4.1 % and 3.3 96, respectively (p 0.3) (Sinisaari et al. 1996). 

The cytological analysis of the material aspirated from the effusion, which occasionally develops 
around a polyglvcolic acid (PGA) osteosynthesis implant, showed a predominance of inflammatory 
monocytes and, in particular, lymphocytes (Santavirta e t  al. 1990). In order to discover whether 
PGA implants are irnmunologically inert, density gradient-isolated peripheral blood mononuclear 
cells were cultured in 0.2 m1 of 10  % AFCS-RPM1 1640 culture medium supplemented with 10  
111g PGA. Especially on culture days 0 and 1, lymphocytes and monocytes were seen, by light 
microscopy, to  be attached to PGA particles. However, our  results showed no  PGA-induced 
lymphocyte DNA synthesis, but PGA-induced MHC locus I1 antigen and IL-2R activation marker 
expression were seen, greater than in the negative controls but lesser than those seen in PPD 
antigen-driven lymphocvte response. This suggests that  PGA is an immunologically inert implant 
material which induces inflammatory mononuclear cell migration and adhesion, leading to a 
slight non-specific lymphocyte activation. 

Out of 216 patients with displaced malleolar fractures operated on using absorbable polyglyoclide 
screws, 24 developed a transient local non-bacterial inflammatory reaction on average three 
months after the operation. Upon the  histopathologic examination, these tissue responses were 
found to be non-specific foreign body reactions. Neither the age of the patients nor  the number  
of the screws used in the  fixation affected the incidence of the reactions. The first-generation 
screws which were coloured with an aromatic quinone dye showed a higher incidence, 19 



reactions among 105 patients, than the new non-coloured implants, five among 111 patients 
(P<0.01). No deleterious effect of these tissue responses on the union of the fracture could be 
detected (Bostman et al. 1992b). A series of 286 patients with unimalleolar or bimalleolar 
fractures were treated by open reduction and internal fixation using cylindrical rods made of 
polyglycolide (Bostman 1992). Among these 18 non-bacterial inflammatory tissue responses (6.3 
5% of the total) occurred, requiring surgical drainage. 

In this study the results obtained in a series of 600 patients with displaced malleolar fractures 
who were operated on over a six-year period (1985-1990) using rods or screws made of 
polyglycolide were analysed. Rod fixation was used in 63 % and screw fixation in 37 5% of the 
patients. Recovery was uneventful in 91.5 %. Bacterial wound infection occurred in 1.2 % and 
failure of fixation necessitating re-operation in 0.8 5% (five patients). In four of these five patients 
a refixation procedure with A0 devices was performed. In one elderly patient with failed fixation 
talocrural arthrodesis had to be done. A sterile inflammatory foreign body reaction complicated 
the course in 6.5 %. The incidence of these reactions was higher during the early years of the 
study, when the implants contained an aromatic quinone dye, than later when stain-free implants 
were used. The foreign body reactions were transient and did not significantly influence the 
ultimate results of treatment. During the six-year period the use of absorbable implants has made 
it possible for resources corresponding to several hundred hardware removal procedures to be 
used {or other purposes (Bostman et al. 1992a). 

Frerkjaer and Merller (1992) could not recommend SR-PGA rod fixation for ankle fractures due to 
complications and osteolysis. However, osteolysis or decreased density is a transient phenomenon 
(Bijstman 1991, Bostman et al. 1987, Fraser and Cole 1992). Local complication after fixation of 
displaced ankle fracture with PGA rods was reported in two cases (Poigenfiirst et al. 1990). 

In a prospective study, 26 patients with displaced fracture of the medial malleolus were treated 
by open reduction and internal fixation using an SR-PLLA expansion plug. Twenty-one patients 
were followed for a t  least six months. The follow-up time ranged from six to 18 months. No 
redisplacements occurred. The consolidation of the fractures was uneventful. There were no signs 
of inflammatory foreign body reactions. This study showed the potential of the SR-PLLA 
expansion plug in the internal fixation of cancellous bone fractures (Pihlajamaki et al. 1994). 

Conclusion 

By using a technique with rods, also severe? dislocated ankle fractures can be treated. 
Postoperative immobilization depends on the security of the fixation and the patient's willingness 
for cooperation. Using a technique with screws even severe dislocated ankle fractures can be 
treated. 
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FRACTURES OF THE MEDLAL MALLEOLUS IN CHILDREN 

Ankle injuries are quite common also in children. 

Operation indications 

Figs. 1-2. The indication for internal fixation is the Salter-Harris Type IV fracture of the medial 
malleolus with dislocation of the fracture exceeding 2 mm.  The goal of the operative treatment 
is to restore the anatomy of the growth plate using hairline reduction followed by fixation with 
small-diameter bioabsorbable rods. 

Operation technique 

Implants: SR-PGA rods 1.5 X 40-50 mm.  

The medial incision centered over the fracture is used. The fracture is exposed subperiosteally 
being careful not  to strip the periosteum around the physis. A hairline reduction of the fracture 
and an anatomic restoration of the physis are accomplished under direct vision. Two Kirschner 
wires of 1 ,5  m m  in diameter are drilled transversely from the medial malleolar fragment into the 
remaining tibial epiphysis. The Kirschner wires should diverge laterally. The anatomic reduction 
is checked radiographically using AP and lateral views. The metallic wires are then removed one 
at a time and replaced by bioabsorbable rods of 1 ,5  m m  in diameter using a special applicator. 
The wound is closed. 

Postoperatively a padded and split plaster (closed in 3-5 days) cast with the ankle joint of 90 
degrees in flexion is used for six weeks. Immobilization in a short-leg non-weight-bearing cast is 
recommended for three weeks followed by three weeks in a short walking cast. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods. 



Figs. 3 (a-b). Radiographically an undisturbed symmetrical growth of the distal tibia can be seen 
after two years of fixation of a medial malleolar fracture (a,b). Note the horizontal metaphyseal 
Harris' line (Absorbable fixation in orthopaedic surgery, p. 139). 

The patients and the main results are presented in the Table. 

Table. Patients (children only) with fractures of the medial malleolus. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

From September 1987 to September 1992 five medial malleolar fractures were fixed with 
bioabsorbable devices without any complications (Makela et al. 1994). In the fixation with 
bioabsorbable rods or screws only one sinus was observed in a total series of 140 different 
operations in children. 



Conclusions 

Fixation of medial malleolar fractures with small-diameter bioabsorbable rods ensures undisturbed 
healing of a physeal fracture and also minimizes the risk of growth disturbances if the fixation 
rods are driven through the growth plate. 
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TALAR FRACTURES 

The fracture itself is uncommon. 

Operation indications 

Fig. 1. Dislocated talus fracture is an indication for operative treatment. Bioabsorbable rods or 
screws can be used in the fixation of dislocated talus fractures. 

Operation technique 

Figs. 2-3. 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 x 50-70 m m  or SR-PLLA screws 3,5-4.5 x 25-70 mm. 

Anteromedial or lateral incisions are made. In severe comminuted fractures osteotomy of the 
medial tnalleolus is preferred for better visibility. The deltoid ligament must  not  be cut due to 
local circulation. The fracture is reduced. It is fixed temporarily with a clamp or by hands. Holes 
are drilled and flushed for rod or screw fixation. A drillbit of 2.0 m m  or 3,2 m m  in diameter is 
used for rods of the corresponding size. A drillbit of 2,7 m m  in diameter is used for screws of 3,5 
m m  in diameter. A drillbit of 3,5 m m  in diameter is used for a screw of 4,5 m m  in diameter. An 
applicator of the same size is used in the rod insertion. Tapping with a tapping device, of a 
diameter of the same size, countersinking, and flushing are necessary for the screw fixation. The 
screw is inserted with a screwdriver using the two-finger technique. Osteochondral and other 
small fragments can be fixed with small rods. A radiograph is taken to ensure the result. The 
wound is closed. 

Postoperatively a padded, splited plaster cast (closed in 3-5 days) is applied for 6-8 weeks. After 
three weeks stiches are removed. and a new plaster cast is applied. During the last two weeks 
weight-bearing is allowed. 



The patients and the main results are presented in the Table. 

Table. Patients with talar fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 

Figs. 4 (a-d). The adjacent radiographs show a fresh talar fracture before rod fixation (a,b) and 
one year later (c,d). The fracture has healed (Absorbable fixation in orthopaedics and 
traumatology, p. 43). 



Figs. 5 a-f. Displaced fracture of the talus. Radiography taken on admission (a,b). Radiographs 
(c,d) after open reduction and internal fixation with polyglycolide,/polylactide rod,/screw. 
Radiographs two years later (e,f). There is an anatomical union of the fracture. 



Discussion 

Six patients with a displaced fracture of the neck or body of the talus were treated using 
biodegradable screws and rods. During an average follow-up time of 24 (range 18-31) months, 
there were neither redisplacements nor collapses due to avascular necrosis. All the fractures 
united. The functional result was mainly dependent on the presence or absence of other injuries. 
being excellent in four, good in one, and poor in one patient who also had bilateral highlv 
comminuted calcaneal fractures. Thus, biodegradable implants seem to be suitable for fixation of 
displaced fractures of the talus (Kankare and Rokkanen 1993). Arthroscopically the fractures of 
the lateral talar dome were treated with Biofix rods (Kristensen et al. 1990). 

Conclusions 

Bioabsorbable rods or screws are suitable in the fixation of dislocated talar fractures. This fixation 
with exact reduction and postoperative immobilization guarantees fracture healing within a 
normal period of time. 
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CALCANEAL FRACTURES 

Compression force causes more serious fractures of the calcaneum. 

Operation indications 

Fig. 1. Outside the subtalar facet located and dislocated subtalar facet fractures are indicated for 
operation. Bioabsorbable rods and screws can be used in the fixation. 

Operation technique 

Figs. 2-3. 

Implants: SR-PGA or SR-PLLA rods 2,O-3,2 X 50-70 m m ,  SR-PGA screws 4,5 x 50-70 m m  or SR- 
PLLA screws 3,5 x 40-45 mm or 4,5 X 50-70 mm.  

Lateral or medial or both incisions are made a t  the same time, depending on the type and 
situation of the fracture. The fracture surfaces are reduced exactly. They are fixed temporarily 
with Kirschner wires or bone clamps. Holes for the rods or screws are drilled, measured. and 
flushed. Bioabsorbable rods or screws are used for fixation depending on the  size of the 
fragments. A rod is imerted with an applicator of the same size. Tapping, countersinking, and 
flushing are done for the screw fixation. A drillbit of 2.7 m m  in diameter is used for a screw of 
3,5 m m  in diameter and 3,5 m m  for a 4,5 m m  screw, respectively. The screw is inserted with a 



screwdriver using the two-finger technique. A radiograph is taken to ensure the result. The 
wound is closed. 

Postoperatively a padded, split plaster cast, closed after 3-5 days, is used. Stitches are removed 
three weeks after the operation, and a new plaster cast is applied for the next six weeks. During 
the last three weeks weight-bearing is allowed. 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 

Figs. 4 (a-b). In the adjacent radiographs a calcaneal fracture is seen (a). It is reduced, fixed with 
absorbable implants in good position, and healed (b) (Absorbable fixation in orthopaedics and 
traumatology, p. 41). 



Figs. 5 a-f. Displaced fracture of the calcaneus. Radiography taken on admission (a). Radiographs 
(b,c) after open reduction and internal fixation with SR-polyglycolide, rod. Radiographs two years 
later (d,e). There is an anatomical union of the fracture. 

The patients and the main results are presented in the Table. 

Table. Patients with calcaneal fractures. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelrnale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 



Discussion 

The operative treatment of displaced calcaneal fractures has long been controversial, but the 
modem treatment principles of displaced articular fractures concern also the calcaneus. Open 
reduction and fixation with a lateral plate orland screws, wires or bioabsorbable rods are best to 
perform when most of the swelling has subsided, usually 5-7 days after the trauma (Kankare 
1996). However, if good facilities for demanding examinations and operation are available, the 
operation is most favourable to perform immediately after careful examination. 

Conclusions 

Certain calcaneal fractures with big fragments can be treated with bioabsorbable rods and screws. 
A severely comminuted fracture is best to treat conservatively and operatively with a special plate 
and screws. 
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FRACTURES OF THE METATARSAL BONES AND PHALANGES OF THE TOES 

The fractures are quite common. 

Operation indications 

Figs. 1-2. Cancellous and cortical bone fractures in the foot can be fixed with small bioabsorbable 
devices, also through the joints in dislocated fractures, because bioabsorbable devices can be 
inserted through the articular cartilage. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 1,l-1,5-2,O X 10-30 m m  or SR-PLLA screws 20 -27 -3 .5  X 10- 
30 mm. 

A longitudinal incision is made to expose the fracture. The fracture is reduced. It is fixed 
temporarily with hands or clamps. A channel for the rods or screws is drilled. A drillbit of the 
corresponding size is used for the rod. The drillbits are in diameter 1,5 mm,  1,9 m m ,  and 2,7 
m m  for the screws of 2,O mm.  3.7 mm, and 3,5 mm,  respectively. In cortical bone the channel 
perforates both cortices obliquely to the fracture surface or through the joint intramedullarily 
close to the proximal cortex. In cancellous bone the hole is drilled near the opposite cortex. The 
fixation is carried out with a rod inserted with an applicator or with a screw. In this case a space 
for the screw is prepared with a tap and countersink. The channel is measured and flushed. The 
screw is inserted with a screwdriver using the two-finger technique. A radiograph is taken to 
ensure the result. The wound is closed. 

Postoperatively a padded bandage or plaster cast is used depending on the type of the fracture 
(from three to six weeks). 

Results 

The following radiographs will show examples of correction and healing of dislocated fracture by 
fixation with bioabsorbable rods or screws. 



Figs. 3 a-c. Displaced fracture of the baseos of the 1. metatarsal and 2.-3. metatarsal bones in a 
22-year-old female. Radiography taken on admisson (a). Radiography (b) after open reduction and 
internal fixation with an SR-poly-L-lactide rod and screw. Radiography one year later (c). There 
is anatomical union of the fracture. 

The patients and main results are presented in the Table. 

Table. Patients with fractures in metatarsal bones and phalanges of the toes. 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

In foot fractures there are many small fragment lesions suitable to be fixed with bioabsorbable 
devices (Rokkanen et al. 1993). 



Conclusions 

Fractures of the foot can be treated with absorbable devices, also through the joint. The articular 
cartilage will heal, and in the place of lesions there will be artiiular.cartilage or fibrous cartilage 
tissue. 
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RECURRENT DISLOCATION OF THE HUMERUS 

Dislocation of the humerus is a common injury in adults. 

BANK;4RT OPERATION FOR PREVENTIOX OF RECURRENT DISLOCATION USING AN 
EXPANSION PLUG 

Fig. 1. In this operation repaired Bankart lesion is re-inserted with an expansion plug or with a 
Bankart tack. 

Operation technique 

Implants: SR-PLLA plugs 4,5 x 30 mm,  SR-PLLA cannulated Bankart tack 3,5 X 20 mm.  

Anterior approach via the anterior part of the deltoid muscle is performed. Arthrotomy is done 
cutting temporarilv or dissecting the tendon of the subscapularis muscle and stretched capsule. 
Loose places of the labrurn and capsule are refreshed. Two channels are drilled in the bone with 
a drillbit of 4 mnl in dianieter. Then, first by tapping, the slotted main part of the plug is fixed 
through the drill channel. The auxiliary cylindrical SR-PLLA pin is inserted and passed down the 
inside of the niain part of the plug to deploy internally the two fins comprising nearly two thirds 
of the length of the main part of the plug. With the thread sunk together with an expansion plug 
the fixation of the capsule is confirmed. The opening in the capsule, subscapularis muscle, deltoid 
fascia, and subcutaneous tissue is closed with absorbable polyglycolide sutures. The wound is 
closed. 

Presently the arthroscopic technique has become popular. In the arthroscopic technique, standard 
portals are used (posterior superior, anterior inferior, and anterior superior portals together with 
30" or 70" angle optics are recommended). The working cannula with the sharp obturator inside 
is inserted through a small skin incision through soft tissues. The sharp obturator is replaced by 
the blunt, cannulated obturator prior to entering the joint space. The working cannula is 
positioned into place. The front edge of the glenoid cavity of the scapula and the front labrum- 
ligament complex are refreshed with an arthroscopic rasp or shaver. An inferior, superior, and, 
finally, intermediate tack should be placed in this sequence. The labrum-ligament complex is 
perforated and repositioned using the cannulated labrurn elevator. It is fixed by pushing into the 
front edge of the glenoid cavity using a guide instrument. The guide instrument is positioned 20" 
medially and inferiorly. A 25 cm K-wire of 1.6 m m  in diameter is drilled into the approximate 
depth of 30 m m .  The cannulated labrum elevator is removed. A 20 m m  deep drill hole of 3.5 
in diameter is drilled with the cannulated drillbit. The drillbit and the guide ins t rumen .re 



removed. The K-wire is still in place. The bioabsorbable SR-PLLA cannulated Bankart Tack is 
placed onto the wire and pushed with the aid of the inserting assembler through the labrum- 
ligament complex. It is hammered into the bone by slight tapping. The K-wire is then removed. 
The cannula is tilted to a new position. The entire procedure is repeated. The number of Bankart 
Tacks is dependent on the magnitude of the lesion and anatomical conditions. The distance 
between the Tacks should be 10-15 mm.  Normally three implants are needed. 

Postoperatively the shoulder is immobilized with a sling for four weeks. After the removal of 
the sling, pendulum-type exercises are started. After six weeks exercises of an increasing range of 
motion without weights are prescribed avoiding, however, forceful extemal rotation of the 
shoulder. After eight weeks free exercise of the extemal rotation range is also allowed. 

Results 

The following radiographs will show examples of correction and healing of redislocated humerus 
by fixation of Bankart lesion with bioabsorbable plugs. 

Figs. 2 a-c. Anteroposterior (a) radiography of a recurrent dislocation of the humerus of a 37- 
year-old male before operation. The radiographic result postoperatively (b) and one year and four 
months after Bristow-Latarjet operation, in which an SR-PLLA expansion plug has been used, 
shows an anatomical result (c). 

Figs. 3 a-c. Anteroposterior (a) radiograph of a recurrent dislocation of the humerus of a 48-year- 
old male before operation. The radiographic result postoperatively (b) after the Bristow-Latarjet 
operation, in which an SR-PLLA expansion plug has been used, shows an anatomical result (c). 

The patients and the main results are presented in the Table. 



Table. Patients with recurrent dislocation of the humerus treated with Bankart, Boytchev, 
and Bristow-Latarjet operation 

Issue 

Bankart operatioti Boytchev Bristow-Latarjet 
operation operation 

Number % Number % Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

In a prospective study, 33 patients with recurrent anterior dislocation of the shoulder were 
treated by a modified Bristow-Latarjet operation using an SR-PLLA expansion plug to fix the 
transferred coracoid bone block. The mean follow-up was 12 months. No redislocations occurred. 
To assess incorporation of the bone block, serial CT scans were obtained in 18 randomly selected 
patients of whom 15 showed solid fusion. The shape of the implant was not affected by 
degradation during the first l 8  months, and there were no signs of inflammatory foreing body 
reaction (Pihlajamaki et al. 1994). Magnetic resonance imaging seems to visualize poly(L-lactide) 
implants within the bone. At present this is the only rnethod available to study the degradation 
process of implants made of this polymer in humans. No signs of degradation or of an osteolytic 
foreign body reaction to poly(L-lactide) a t  the host tissue-implant interace could be observed 
within the follow-up times (34-42 months) of this study. 

Conclusions 

Biofix expansion plugs are suitable to fix a Bankart lesion at operation. 
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RHEUMATOID ARTHRITIS IN THE RADIOCARPAL JOINT 

Rheumatoid arthritis quite often affects the wrist. 

Operation indications 

Destroyed wrist ~nostly caused by the rheumatoid arthritis is an indication for operation. Fixation 
with a bioabsorbable polylactide rod is required, and stability is maintained. 

FIXATION OF CARPAL ARTHRODESIS 

Operation technique 

Fig. 1. 

Implants: SR-PLLA rods 3,2 x 50-70 mm.  

The area of the ulnar head and proximal carpal joints is exposed by a dorsal S-haped skin 
incision. The ulnar head is removed and saved. The radiocarpal joint is opened by a longitudina! 
incision. The synovial membrane, cartilage, and sclerotic bone from the radiocarpal and mid- 
carpal joints are removed. With a 3,2 m m  drillbit a channel is made in the capitate bone and 
radius. Some of the bone between the scaphoid and h a t e  bones is removed. A 3,2 m m  x 50-70 
mm polylactide rod is inserted first in the radius with the other end pushed back in the capitate 
bone. The rod will retain the position until fusion has occurred. The area around the rod and, if 
needed, between the carpal bones is filled by spongious bone from the removed ulnar head. A 
radiograph is taken to ensure the result. The wound is closed. 

Postoperatively a padded plaster cast or splint is needed for eight weeks. The metacarpal joints, 
the thumb, and the first metacarpal bone as well as the elbow are left free. 



The patients and the main results are presented in the Table. 

Table. Patients with rheumatoid arthritis in the radiocarpal joint. 

Issue Number O/b 

Operation 

Age (mean; years) 

Sex (female/rnale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Redislocation 

Sinus formation 

Results 

The following radiograph will show examples of correction and healing of defom~ities by fixation 
with bioabsorbable rods or screws. 



Figs. 2 a-f. Anteroposterior (a) and lateral (b) radiographs of a rheumatoid arthritis of the 
radiocarpal joint of a 45-year-old female on admission. The radiographic result postoperatively 
(c,d) and two months after the carpal arthrodesis, in which SR-PLLA rod has been used, shows 
fusion of the joint (e,f). 



Discussion 

Absorbable fixation devices (screws and rods) made of SR-PLLA were used to stabilize arthrodesis 
in rheumatoid arthritis. Fifty-three arthrodeses (18 in the wrist, 18 in the hand, six in the 
talocrural joint, and 1 1 in the subtalar-calcaneocuboid-talonavicular joint) were performed on 47 
patients using absorbable SR-PLLA screws and rods between 1989 and 1994. The overall results 
in all the groups were good. There were three superficial infections and two non-unions (both 
talocrural arthrodeses). According to this study, it seems that self-reinforced absorbable screws 
and rods are alternative fixation devices in arthrodeses in rheumatoid arthritis (Juutilainen et al. 
1995). 

Conclusions 

Bioabsorbable polylactide rods are suitable to assure the fusion. Polyglycolide implants should be 
avoided by rheumatoid patients, as allergic-type reactions are possible. 
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OSTEOARTHRITIS (OR RHEUMATOID ARTHRITIS) IN THE HAND 

Rheumatoid arthritis very often causes initial signs in the hand. Osteoarthritis is unusual. 

Operation indications 

ARTHRODESIS OF THE TRAF'EZIOMETACARFAL JOINT 

Figs. 1-2. Arthrodesis is indicated in the arthritic or rheumatic destruction of the joint if it is 
painful and causes continuous inconvenience for the patient. 

Operation technique 

Implants: SR-PGA or SR-PLW (by rheumatoid patients) rods 1,5-2,O X 10-30 m m  

The joint is opened through a radial straight or S-curved incision. The synovial membrar~e and 
rest of the cartilage are retlloved with a drill, rongeur or chisel and hammer until the proper 
angle is obtained. Refreshed and nloulded surfaces are compressed and held together with hands 
or clamps. The cha~lllels are drilled for two crossed bioabsorbable rods with the drillbits of the 
same size. The channels are ~lleasured and flushed. The rods are inserted with an applicator. A 
radiograph is taken to ellsure the result. The wound is closed. 

Postoperatively the joi~lt  is inmobilized with an aluminium brace or a plaster cast for three 
weeks. 



ARTHRODESIS OF THE FINGER JOINTS (PROXIMAL INTERPHALANGEAL JOINT,. PIP) 

Figs. 3-4. Arthrodesis is indicated in the joints of an arthritic hand and after severe finger injury. 
The fixation is performed with absorbable rods or screws. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods (by rheumatoid patients) 1,l-1,5-2,O X 10-30 mm.  

The joint is opened through a dorsal straight or S-curved incision. The synovial membrane and 
rest of the cartilage are removed until the proper angle is obtained. Channels are drilled for two 
crossed bioabsorbable rods with the drillbits of the same size. The channels are measured and 
rinsed. The rods are inserted with an applicator. A radiograph is taken to  ensure the result. The 
wound and the extensor mechanism are closed. 

Postoperatively the joint is immobilized with a splint for three weeks. 

Results 

The following radiographs will show examples of correction and healing of lesion by fixation with 
bioabsorbable rods. 

Figs. 5 a-c. Radiography (a) of an osteoarthritis of the 1. carpornetacarpal joint of a 54-year-old 
female on admission. The radiographic result (b) postoperative and six months after the 
operation, in which the arthrodesis has been fixed with an SR-PGA rod, shows a solid union (c). 



Figs. 6 (a-b). Radiographs of a rheumatoid PIP joint (a) and the same joint after fusion (b) 
(Absorbable fixation in orthopaedic surgery, p. 11 9). 

The patients and the main results are presented in the Table. 

Table. Patients with rheumatoid arthritis in the hand. 

Issue Number % 

Operation 17  0,6 

Age (mean; years) 53,9 

Sex (femalelmale) 1 710 1 0010 

Operation time (mean; minutes) 68,2 

Hospital stay (mean; days) 3,5 

Sick leave (days) 67,3 

Postoperative course: uneventful 

Discussion 

In a study 24 metacarpophalangeal arthrodeses fixed together with polylactide and metallic rods 
were performed in 1988-1990, of which 14 were rheumatoid arthritides with union in 22/24 cases 
(Voche et al. 1993). Our own experience (Table) supports the valuable use of bioabsorbable 
polylactide devices in patients with rheumatoid arthritis. 

Conclusions 

Bioabsorbable rods are suitable to assure arthrodesis also of the trapeziometacarpo- phalangeal 
and scaphotrapezoid joint as well as the fusion of the finger joints and the joints of the thumb. 
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CONGENITAL HIP DYSPLASLA 

Acetabular dysplasia causes subluxation of the  hip joint. 

PELV'C OSTEOTOMY IN THE TREATMENT Or" CONGENITAL HIP DYSPIASIA 

Figs. 1-2. Pelvic osteotomy (Chiari) is used to correct this disorder. The osteotomy can be fixed 
with a bioabsorbable screw. This fixation is suitable for other types of osteotomies in the pelvis 
in children. 

Operation technique 

Implants: SR-PLLA screws 4,5 X 70 m m  or 6,3 X 75 mm.  

A straight or lazy S-shaped incision is made from the greater trochanter to the iliac spine. The 
tensor nnuscle of the  fasciae lata is detached. Iliac bone is exposed between the  oblique and 
straight head of the straight muscle of the  tigh and separated with elevators. The sciatic nerve 
and the  vessels are especially protected. The osteotomy is performed with the  aid of a TV image 
intensifier. The distal fragment is displaced medially when the extremity is abducted. A hole is 
drilled through the  osteotomy with a drillbit of 3,5 m m  in diameter for a screw of 4,5 m m  in 
diameter and with a drillbit of 5,O m m  in diameter for a screw of 6.3 m m  in diameter. Tapping 
with a tapping device of the  corresponding size, countersinking, measuring, and flushing are 
done. The screw is inserted with a screwdriver. In young children one screw is applied, in older 
ones two. A radiograph is taken to ensure the result. The wound is closed in layers. 

Postoperatively a splint, with the  extremity abducted for 4-6 weeks, is applied followed by 
partial weight-bearing by crutches. 

Results 

The following radiographs will show examples of correction and healing of osteotomy by fixation 
with bioabsorbable rods or screws. 



Figs. 3 (a-b). Bioabsorbable screws fix the pelvic osteotomy safely (Absorbable fixation in 
orthopaedic surgery, p. 147). 

Discussion 

Absorbable SR-PLLA screws were used for internal fixation of the rotational acetabular osteotomy 
(RAO) in 28 dysplastic hips. No cast was used, and the patients were allowed to walk with partial 
weight-bearing one month after surgery. The clinical and radiographic results were evaluated after 
an average of 1 4  months (range 6-24 months). Union occurred in all cases within four months 
without displacement of the osteotomy. No foreign body inflammatory reaction was observed on 
the radiographs, nor were there any local reactions. Polylactide screws seem to provide sufficient 
strength for internal fixation of RA0 (Nakamura et  al. 1993). 

Conclusions 

There is no  need for removal operation of metallic implants when absorbable devices are used. A 
second operation is a major and risky procedure for children. 
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OSTEOCHONDFUTIS DISSECANS 

Osteochondritis dissecans is a local aseptic bone necrosis. The knee is more often affected 
compared to other joints. 

Operation indications 

Figs. 1-2. Osteochondritis dissecans is usually seen in the medial condyle of the knee. A 
loosening or loose osteochondral fragment can be replaced and fixed with bioabsorbable rods. 

Operation technique 

Implants: SR-PGA or SR-PLLA rods 1,5-2,O x 20-30 mm.  

The knee is exposed by a medial or lateral incision if the osteochondritis dissecans is situated in 
the lateral condyle. If the  osteochondritis dissecans fragment is in place, its edge is incised and 
the botton refreshed. A bone transplant taken of the femoral condyle is used on the bottom if 
necessary. The fragment is pressed in its place, and two channels corresponding the  rods in size 
(diameter) are drilled through it. The channels are measured and flushed. The rods are inserted 
by an applicator under the articular cartilage. A radiograph is taken to ensure the result. The 
wound is closed. 

Presently the  arthroscopic technique is very popular. In the arthroscopic technique, standard 
portals and special instruments are used. 

Postoperatively a padded bandage is applied. Partial weight-bearing by crutches is allowed and 
continued for 6-12 weeks. 

Results 

The following radiographs will show examples of correction and healing of lesion by fixation with 
bioabsorbable rods. 



Figs. 3 a-f. Anteroposterior (a) and lateral (b) radiographs of an osteochondritis dissecans in the 
knee joint of a 16-year-old boy on admission. The radiographic result postoperatively (c,d) and 
two years and seven months after the operation, in which the fragment has been fixed with an 
SR-PLLA rod, shows an anatomical result (e,f). 



The patients and the main results are presented in the Table. 

Table. Patients with osteochondritis dissecans. 

Issue Number (%l 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

In 11 patients SR-PLLA rods, in 12 patients SR-PGA rods, and in one patient both rods were used 
to fix osteochondritis dissecans in the knee joint with favourable results (Tuompo et al. 1995; 
accepted). There was one synovitis in the SR-PGA group lasting six months and needing needle 
aspirations. With the use of poly-L-lactide pins (Tegnander et al. 1994) synovitis has been 
nominated as an adverse effect, but this has not been confirmed by Mainil-Varlet 1995. It is 
possible that synovitis is dependent on the wrong surgical technique for bioabsorbable devices 
including too many implants which e.g. Barford and Svendsen 1992 have used (Barfoci and 
Svendsen 1992). The technique to fix osteochondral fractures is quite similar to that used for 
osteochondritis dissecans (Claes et al. 1986). 

Conclusions 

Bioabsorbable rods are suitable and beneficial in the fixation of osteochondritis dissecans 
fragments, as intra-articular metallic fixation is often problematic. The operation can also be 
carried out arthroscopically using special instruments and applicators. 
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OSTEOARTHRITIS IN THE KNEE JOINT 

The knee is very often affected by osteoarthritis. 

Operation indications 

Fig. 1. High tibial osteotomy can be used for the treatment of the knee at  an early stage of joint 
arthrosis. This osteotoiny can be fixed by using bioabsorbable screws. 

Operation technique 

Fig. 2 .  

PROXIMAL TIBIAL OSTEOTOMY 

Implants: SR-PLL.4 screws 6.3 x 70-1 10. 

An anterior incision is done just below the knee joint. From the lateral incision placed more 
distally to the fibula an osteotonly is cut obliquely. High tibial osteotorny is performed by a saw 
or chisel and hammer curved to the distal direction. Varus can be corrected to five-degree valgus. 
The position can be held by clamps temporarily. The osteotomy corrected to the new position can 
be fixed with SR-PLLA screws inserting one screw anteriorly and the other laterally just beneath 
the cartilage. If necessary, one screw can be directed from the distal part of the tibia onto the 
lateral side of the proximal tibia. After anterior exposure it is possible to put  the screws from the 
lateral and medial condyles crossing each other distally. Also wedge osteotomy can be used. The 
channels for screws are drilled by a drillbit of 4,5 m m  in diameter. The channels are tapped with 
a tapping device of 6 ,3  m m  in diameter. The channels are measured and flushed. The screws are 
inserted with a special screwdriver with the two-finger technique. A radiograph is taken to ensure 
the result. The wounds are closed. 



Postoperatively a padded and splited long-leg plaster cast (closed in 3-5 davs) is recommended 
for 6-9 weeks. The radiographs show the healing and union. Partial weight-bearing by crutches 
is allowed immediately. If the fixation is firm and the patient well-cooperating, immediate 
mobilization without a plaster cast is possible. 

The patients and the main results are presented in the Table. 

Table. Patients with osteoarthritis in the knee joint. 

Issue Number '%o 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Results 

The following radiographs will show examples of correction and healing of deformitv bv fixation 
with bioabsorbable screws. 



Figs. 3 a-f. Anteroposterior (a) and lateral (b) radiographs of an osteoarthritis of the knee joint of 
a 36-year-old female on admission. The radiographic result postoperatively (c,d) and two years 
and three months after the operation, in which the osteotomy of the tibia has been fixed with 
SR-PLLA screws, shows an anatomical result (e,f). 

Discussion 

The number of operations has been limited. 
Conclusions 

Totally absorbable bioabsorbable screws are, in most cases, suitable for fixation of proximal tibial 
osteotomy. 
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HABITUAL OR RECURRENT DISLOCATION OF THE PATELLA 

Congenital factors may cause instability of the patellofemoral joints. 

Operation indications 
I l 

Fig. 1. In a recurrent dislocation of the patella transfer of the insertion of the patellar ligament 
medially and distally has been done. In this operation refixation of the bone block can be done 
with bioabsorbable rods or screws. 

Operation technique 

Figs. 2-3. 

FIXATION OF BONE B L O C K A T  H I I S E R  OPERATION 

Implants: SR-PGA or SR-PLLA rods 3,2 X 50-70 m m  or SR-PLLA screws 3,5 X 40-45 mm.  

An anteromedial incision reaching to the proximal tibia is done. The fascia is splitted medially 
and laterally of the patellar ligament. Bone insertion of the patellar ligament is transferred 
medially and distally to the prepared hole and fixed with a bioabsorbable rod or screw. The hole 
is drilled upwards with a drillbit of 3,2 m m  in diameter for the corresponding rod and with a 
drillbit of 2,7 m m  in diameter for the screw of 3,5 m m  in diameter. The channel is measured and 
flushed. An applicator is used for rod insertion. For screw insertion tapping, countersinking, and 
flushing of the hole are done. The screw is inserted with a screwdriver using the two-finger 
technique. The previous bone hole is filled up with bone taken off from the new hole. The 
medial, but not the lateral, fascia is sutured. A radiograph is taken to ensure the result. The 
wound is closed. 



Postoperatively a padded and split plaster cast, closed 3-5 days later, is applied for six weeks. 
The plaster is changed when stitches are removed three weeks of the operation. 

Results 

The following radiographs will show examples of correction and healing of dislocated patella by 
fixation with bioabsorbable rods or screws. 

Figs. 4 a-f. Anteroposterior (a) and lateral (b) radiographs of a recurrent dislocation of the patella 
of a 29-year-old female on admission. The radiographic result postoperatively (c,d) and seven 
months after the Hauser-operation, in which the bone block has been fixed with an SR-PLLA rod, 
shows an anatomical result (e,f). 



The patients and the main results are presented in the Table. 

Table. Patients with habitual or recurrent dislocation of the patella. 
(Hauser operation). 

Issue Number Oio 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

The results showed that bioabsorbable fixation can be used in bone-ligament fixation 

Conclusions 

Bioabsorbable rods or screws can be used in bone-ligament fixation. 

References 

Operations performed, but not separately published. 
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ROTATORY DEFORMITY OF THE TIBIA IN CHILDREN 

Rotatory deformity of the  tibia is very uncommon and affects children with bone dysplasia. 

Operation indications 

\ 

Figs. 1-2. Severe rotatory deformity of the tibia in children is sometimes an indication for a 
supramalleolar osteotomy of the tibia. The fixation can be done with bioabsorbable screws. 

Operation technique 

FIXATION OF DISTAL TIBIAL OSTEOTOMY 

Implants: SR-PLLA screws 3,5-4,5 X 30-50 mm.  

The distal tibia is exposed subperiosteally through an anterior incision. From 1,5  to 2 cm 
proximally from the growth plate, the  tibia is osteotomized with an oscillating saw according to 
beforehand made marks for the  right correction angle. Osteotomy of the fibula is not  necessary 
in children, because the  yielding of the fibula gives away. The osteotomy is fixed temporarily with 
bone clamps of l r s c h n e r  wires. A hole is drilled with a drillbit of 2,7 m m  in diameter for a screw 
of 3 ,5  m m  in diameter and with a drillbit of 3,5 m m  in diameter for a screw of 4 ,5  m m  in 
diameter preferably over the  epiphyseal line. Tapping with a tapping device of the corresponding 
size, countersinking, measuring the hole, and flushing are done. The screw is inserted with a 
screwdriver using the  two-finger technique. When drilling the  other hole, attention mus t  be paid 
not  to damage the first screw. This screw is managed in the  same way. A radiograph is taken to 
ensure the result. The wound is closed in layers. 

Postoperatively a padded and split plaster cast (closed in 3-5 days) is used for 4-12 weeks. 

Results 

The following radiographs will show examples of correction and healing of deformities by fixation 
with bioabsorbable rods or screws. 



Figs. 3 (a-d). The adjacent radiographs show a rotation osteotomy preoperatively (a,b) and after 
healing (c,d) (Absorbable fixation in orthopaedic surgery, p. 145). 

Discussion 

It seems that bioabsorbable fixation screws are beneficial in the correction of rotatory deformity 
of the tibia in children. 

Conclusions 

Removal operation is avoided with absorbable implants. Earlier it was difficult to remove metallic 
implants due to normal bone growth. 

References 

Operations peuformed, but not published. 



OSTEOARTHRITIS (OR RHEUMATOID ARTHRITIS) 
OF THE TALOCRURAL (TC) JOINT 

In the severe destruction of the joint operative fusion is required. 

Operation indications 

Fig. 1. TC-arthrosis, primary or secondary, or rheuma, is an indication for operation. If the joint 
is so painful that weight-bearing is prevented, arthrodesis is indicated. 

Operation technique 

Figs. 2-3. 

ARTHRODESIS OF THE TALOCRlJRAL (TC) JOINT 

Implants: SR-PLLA screws 4.5 X 50-70 mm. 

Medial and lateral incisions are made. Destroyed articular surfaces are removed by using cutters 
and a chisel and hammer. The tibiofibular joint is removed. A Chaput-Tillaux resection is done. 
This resection usually gives enough bone graft. A distal resection of the fibula and medial 
malleolus may be necessary to achieve good contact in all three parts of the joint. Oblique fibular 
osteotomy is perfom~ed i f  necessary. The cleaned articular surfaces are fixed exactly together with 



clamps, the joint in a five-degree valgus position. If the patient wears shoes with high heels, it 
should be taken into consideration when the position of the joint is fixed. Otherwise a 90-degree 
position is done. This allows the patient to walk also barefooted. The drill holes are directed so 
that one is obliquely from the fibula through the tibia anteriorly into the talus, one medially from 
the tibia into the talus, and one anteriorly from the tibia into the talus posteriorly. The drill holes 
are drilled with a 3,5 m m  drillbit and are necessary to tap with a special tapping device of 4,5 
m m  in diameter. Countersinking is done for the head of the screw. The drill holes are measured 
and rinsed. The screws are inserted by using the two-finger technique. The AP and lateral 
radiographs are taken to ensure the result. The wound is closed. 

Postoperatively a padded and splited below-knee plaster cast is applied, closed after 3-5 days, 
and held for 6-12 weeks. It is changed at  three weeks when stitches are removed. The radiological 
check-up shows the time of healing. When the union is observed, the plaster cast is removed. 
Full weight-bearing is allowed after 6-8 weeks. 

Results 

Figs. 4 (a-d). The radiographs show a TC-arthrodesis united in good position (Absorbable fixation 
in orthopaedics and traumatology, p. 81). 



The patients and the main results are presented in the Table. 

Table. Patients with talocrural arthrodesis. 

Issue Number Oio 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redisloca tion 

Sinus formation 

Discussion 

In a study of 11 patients, 12 arthrodeses of the ankle joint were performed by using absorbable 
SR-PLLA (or SR-PGA) screws. Eight patients had post-traumatic arthrosis, three rheumatoid 
arthritis, and one rigid flexion contracture of the ankle due to neuropathy. The average follow-up 
time was 14 months (range 7-22, months). Solid fusion was achieved in 11 of the 12 cases in 
nine weeks (range 6-16 weeks) (Partio et al. 1992). In the patients of rheumatoid arthritis, in two 
out of six non-union resulted needing re-operation in one of them (Juutilainen and Patiala 1995). 

Conclusions 

Bv using bioabsorbable screws in the fixation of TC-arthrodesis the union is securely achieved. 

References 

Juutilainen T, Patiala H: Artlirodesis in rheumatoid arthritis using absorbable screws and rods. 
Scand .l Rheuniatol 34: 338-333. 1995 

Partio EK, Hiwensalo E. Partio E. Pelttari S, Jukkala-Partio K, Bostman 0 ,  Hanninen A, Tormala 
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Orthop Scand 63: 1'70-173, 1992 
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OSTEOARTHRITIS (OR RHEUMATOID ARTHRITIS) OF THE SUBTALAR JOINT 

In severe destruction of the joints operative fusion is required. 

Operation indications 

Fig. 1. Osteoarthritis or rheuma may cause destruction of the subtalar joints. Therefore 
arthrodesis is inevitable for painless weight-bearing. Bioabsorbable screws can be used for the 
fixation. 

Operation technique 

Figs. 3-3. 

ARTHRODESIS OF THE SUBTALAR JOINT 

Implants: SR-PGA or SR-PLLA screws 4,5 X 40-70 m m  or SR-PLLA screws 3,5 X 40-45 mm.  

Only SR-PLLA screws for the patients with rheumatoid arthritis. 

A lateral incision on the talocalcanear joint and an additional short anteromedial incision on the 
talonavicular joint are made. Articular cartilages are removed with a drill or chisel and hammer 



from the talocalcanear, talonavicular, and calcaneocuboidal joint trying to get the calcaneus to 
slight valgus. Through the joints, channels for bioabsorbable screws are drilled for screws of 4,5 
m m  in diameter with drillbits of 3,5 m m  in diameter and for screws of 3,5 m m  in diameter with 
drillbits of 2,7 m m  in diameter. After tapping with a tapping device of the corresponding size, 
countersinking, measuring, and flushing the drill channels screws are inserted with a screwdriver 
with the two-finger technique. A postoperative radiograph is taken to ensure the result. The 
wound is closed. 

Postoperatively a padded and splited plaster cast is applied. The plaster is closed after 3-5 days 
and held for 6-12 weeks, the last 3-4 weeks with total weight-bearing. 

Results 

Figs. 4 a-c. Lateral (a) radiograph of a rheumatoid arthritis of the subtalar joint of a 48-year-old 
male on admission. The radiographic result postoperatively (b) and six months after the 
operation, in which the arthrodesis has been fixed with SR-PLLA screws, shows fusion of the 
joint (c). 

The patients and the main results are presented in the Table. 

Table. Osteoarthritis (or arthritis rheumatoides) of the subtalar joint. 

Issue Number % 

Operation 2 1 077 

Age (mean; years) 51,2 

S ex (femalelmale) 911 2 4315 7 

Operation time (mean; minutes) 79, l  

Hospital stay (mean; days) 6 2  

Sick leave (days) 134,5 

Postoperative course: uneventful 



Discussion 

In one series absorbable fixation devices (screws and rods) made of self-reinforced poly-L-lactide 
(SR-PLLA) were used to  stabilize arthrodesis in rheumatoid arthritis. Fifty-three arthrodeses (18 
in the wrist, 1 8  in the hand, six talocrural joint, and 11 in the subtalar-calcaneocuboid- 
talonavicular joint) were performed on 47 patients using absorbable screws and rods between 
1989 and 1994. The overall results were good in every group. There were three superficial 
infections and two non-unions (both talocrural arthrodeses) (Juutilainen and Patiala 1995). 

Conclusions 

It seems that absorbable screws and rods are interesting alternative fixation devices in arthrodesis 
in rheumatoid arthritis. Polylactide screws must  be used in r h e u ~ n a  patients, as polyglycolide may 
cause a tissue reaction. 
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HINDFOOT DEFORMW DUE TO NEUROMUSCULAR DISEASE 

Children with spastic neuromuscular disease may have a severe hindfoot valgus deformity. 

Operation indications 

Figs. 1-2. Subtalar arthrodesis can be used to correct the deformity. 

Operation technique 

Implants: SR-PLLA screws 4,5 X 50-70 mm.  

An oblique incision is made to expose the sinus tarsi. The short extensor muscle of the toes is 
raised proximally and reflected distally. The periosteum with subcortical bone is reflected from the 
undersurface of the talar neck and from the upper non-articular surface of the calcaneus as 
corticoperiosteal flaps. A depression on the superior surface of the neck of the talus is exposed 
between the tendon of the long extensor muscle and the neurovascular bundle. The subtalar joint 
is reduced to the correct position. It is fixed temporarily with a h r schne r  wire. Tendon 
lengthening and ligamentous discisions are performed when necessary. Another exposure is made 
above the anteromedial part of the neck of the talus. Extra-articular drilling from the talus to the 
calcaneus is performed with a 3.5 m m  drill. The cortex is tapped with a tapping device of 4.5 
m m  in diameter. The channel is measured and flushed. The screw is inserted with the two-finger 
technique. The K-wire is removed. Cancellous bone chips taken from the iliac crest are packed 
to the sinus tarsi, covering the inserted screw at  the bottom of the sinus tarsi and lying against 
the talus and calcaneus. The short extensor muscle of the toes is re-inserted. A radiograph is 
taken to ensure the result. The skin is closed. 

Postoperatively a padded and splited plaster cast (closed in 3-5 days) below the knee is applied 
for three months. The patients are allowed to bear full weight immediately. 

Results 

The following radiographs will show examples of correction and healing of deformity by fixation 
with bioabsorbable screw. 



Figs. 3 (a-d). The adjacent radiographs show good healing of the arthrodesis fixed with 
bioabsorbable screws (a,c). In the other foot arthrodesis is fixed with a metallic screw (b,d) 
(Absorbable fixation in orthopaedic surgery, p. 143). 

The patients and the main results are presented in the Table. 

Table. Patients with spastic neuromuscular disease with a hindfoot deformity. 

Issue Number % 

Operation 7 0 2  

Age (mean; years) 8,6 (5-15) 

Sex (femalelmale) 414 50/50 

Operation time (mean; minutes) 

Hospital stay (mean; days) 5-7 

Sick leave (days) 

Postoperative course: uneventful 

Discussion 

Seven patients with spastic neuromuscular disease and severe hindfoot valgus deformity were 
treated by subtalar arthrodesis. Arthrodesis was performed in both feet at  the same time and fixed 
on one side with an SR-PLLA screw and on the other side with a metallic screw. The function 
was improved. Radiographic union of the arthrodesis occurred in all feet. The radiograph showed 
better solid fusion in five feet treated with SR-PLLA screws, similar fusion on both sides in one 
patient, and one slower fusion on the side treated initially with an SR-PLLA screw (Partio et al. 
1992). 



Conclusions 

Totally absorbable SR-PLLA screws appear to be appropriate for fixation of subtalar extra-articular 
arthrodesis in children. 
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HALLUX VALGUS 

Hallux valgus is common especially in females past middle age. In a few cases it is congenital. 

Operation indications 

Figs. 1-2. Indication for distal metatarsal V-osteotomy is a painful, moderate hallux valgus (angle 
less than 30 degrees) associated with an intermetatarsal angle of 10-15 degrees. Proximal 
osteotomy and wedge resection of the I metatarsal bone are pevforrned in a hallux valgus of at 
least 30". 

Operation technique 

Figs. 3-4. 

CHEVRON OSTEOTOMY IN THE TREATMENT OF HALLUX VALGUS 

Implants: SR-PGA or SR-PLLA rods 1,5-2,O X 25 mm.  

A straight dorsornedial incision over the I rnetatarsophalangeal joint is made. The joint is 
revealed. Excessive medial proniinence of the I metatarsal head, exostosis, is cut. The V-shaped 
osteotomy is done with an oscillating saw using a thin blade. This prevents the shortening of the 



metatarsal bone. A lateral displacement of the metatarsal head of 4-5 m m  is made. An assistant 
holds the metatarsal head in the new position. The drill hole is made with a 2 m m  bit (for a rod 
of 2 m m  in diameter) from the plantaromedial diaphyseal cortex through the osteotomy into the 
dorsolateral aspect of the metatarsal head. The channel is measured and rinsed. A rod of proper 
length is applicated. A radiograph is taken to ensure the  result. The wound is closed in layers. 

Postoperatively a soft bandage is applied. Weight-bearing is allowed immediately avoiding stress 
on the  medial side. After four weeks normal weight-bearing is allowed. 

Figs. 5-6. 

PROXIMAL OSTEOTOMY OF THE FIRST METATARSAL BONE IN THE TREATMENT OF 
HALLUX VALGliS 

Implants: SR-PLLA screws 4,5 x 20-45 m m .  

A straight medial incision from the basis of the big toe along the  metatarsal bone is made. 
Exostosis of the I metatarsal head is removed with a chisel and hammer or an oscillating saw. 
Wedge resection is done in the proximal metaphysis. It is temporarily fixed with a clamp or by 
hands. To insert the screw a channel is drilled from the distal medial cortex through the 
osteotomy into the proximal lateral bone with a 3?5  m m  drillbit for a 4,5 mm screw. The channel 
is tapped with a 4,5 m m  tapping device. Countersinking is used to make space for the screw 
head. The channel is measured and flushed. The screw is inserted with a screwdriver using the 
two-finger technique. The wound is closed. A postoperative radiograph is taken to ensure the 
result. 

Postoperatively a soft bandage is applied. Weight-bearing is allowed immediately on the lateral 
edge of the foot. After four weeks normal weight-bearing is allowed. 

Results 

The following radiographs will show examples of correction and healing of deformities bv 
osteotomy and fixation with bioabsorbable SR-PLLA rod (Fig. 7) and SR-PLL4 screw (Fig. 8). 



Figs. 7 (a-b). The radiograph shows a moderate hallux valgus (a) in a 56-year-old female on 
admission and, in the postoperative view after one year a good correction of the intermetatarsal 
and metatarsophalangeal angles (b). 

Figs. 8 (a-b). The radiography shows a sligth hallux valgus (a) in a 51-year-old female on 
admission and, in the postoperative view after one year the healing of bone (b). 



Figs. 9 a-f. Anteroposterior (a,b) radiographs of a hallux valgus of a 49-year-old female on 
admission. The radiographic result postoperatively (c,d) and one year and five months after the 
chevron osteotomy shows an anatomical result (e,f). 

The patients and the main results are presented in the Table. 



Table. Hallux valgus patients and main results. 

Chevron osteotomy Proximal osteotomv 

Number % Number YO 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Redislocation 

Sinus formation 

Discussion 

Seventy-eight chevron osteotomies were fixed with self-reinforced polyglycolide pins, 3 m m  in 
diameter, performed on 60 patients suffering from a painful hallux valgus. The mean 
metatarsophalangeal angle was 31". and there was a metatarsus primus varus varying from 10" 
to 20". The average follow-up time was 14 (range 12-31) months. No postoperative 
redisplacement or disturbance of healing of the osteotomy was observed. A recurrence of hallux 
valgus occurred in eight feet (10 %), each initially with a moderate to severe hallux valgus. Some 
pain at the first metatarsophalangeal joint during physical activity remained in 12 feet (15 %). 
There was a mean shortening of 2.5 m m  of the first metatarsal bone. The most significant 
shortening was associated with pain in the forefoot. The metatarsophalangeal joint motioii was 
not decreased. The subjective overall result was excellent or good in 75 O/O of the patients 
(Hirvensalo et al. 1991). 

SR-PLLA rods were studied in 27 patients with small-fragment fractures or osteotomies treated 
by internal fixation. The follow-up time ranged from eight to 37  months. The two most common 
indications were chevron osteotomy of the first metatarsal bone for hallux valgus in 15 patients. 
No redisplacements occurred. No clinical signs of inflammatory tissue response were observed. 
Biobsy showed no  polymeric material 20 and 27 months after operation (Pihlajamaki et al. 1992). 

Absorbable polyglycolide pins were used for fixation of 94 chevron osteotomies in 70 patients 
between 1986 and 1992. Postoperative osteolytic changes around the degrading pin occurred in 
94 (22 %) metatarsal heads. In 17 out of 21 metatarsal heads, polydioxanone-coated polyglycolide 
pins were used. This type of pin has not been used since 1988. At the follow-up, 16 out of 21 
osteolytic changes resolved completely and four resolved partially. In the remaining one, the 
osteolytic area remained visible after six years. Cystic changes in the metatarsal head, not 
attributable to the location of the absorbable implants, occurred in seven (7.4 %) metatarsal heads 
and avascular necrosis of the entire metatarsal head in one patient (1.1 %). Foreign body reaction 
occurred in six (6.3 %) metatarsal heads and wound infection in three (3.2 %) patients. No 



association was observed between the osteolytic changes and foreign body reaction or infection. 
Osteolysis in patients receiving polyglycolide implants only requires observation, as associated 
symptoms with the radiographic findings are transient (Pelto-Vasenius et al. 1997). 

Sixty-four operations on 47 patients with hallux valgus were randomized for proximal osteotorny 
or distal osteotomy. The fixation device for distal osteotomies was a self-reinforced poly-l-lactide 
(SR-PLLA) or polyglycolide (SR-PGA) rod, 2,O m m  in diameter, for distal osteotomies, and an SR- 
PLLA or SR-PGA screw, 4,5 m m  in diameter, was chosen for proximal osteotomies. The average 
age of the patients was 41,3 (16-59) years in the proximal osteotomies and 39,2 (20-58) years in 
the distal osteotomies. The follow-up time was on average two years and ten months in the 
proximal group and two years and 11 months in the distal group. The preoperative 
intermetatarsal angle was 15,l (10-23) degrees in the feet treated for proximal osteotomy and 
14,5 (6-21) degrees for distal osteotomy, and the corresponding values for the metatarso- 
phalangeal joints were 28,5 (20-46) in the proximal group and 29,3 (19-40) in the distal group. 
The proximal osteotomies united uneventfully in 26 cases and the distal osteotomies in 31 cases. 
Seventeen out of 30 feet of the proximal osteotomies showed correction in the intermetatarsal 
angle of more than six degrees, whereas the feet treated with distal osteotomy showed correction 
only in seven out  of 34 patients (p=0.005). The corresponding values for the metatarso- 
phalangeal angle were corrections of more than ten degrees in 19 out of 30 in the proximal 
group and in ten out  of 34 in the distal group (p=0.007). There were 15  excellent, nine good, 
five fair, and one poor subjective result in the feet treated with proximal osteotomy, and ten 
excellent, 16 good, and eight fair results treated with distal osteotomy (p = 0.220). Although better 
radiographical results were achieved by using proximal osteotomy, the difference was not 
unambigious in the subjective results (Partio et al. 1993). 

This study evaluates 59 procedures on 49 patients completed over a period of three years, using 
2,O m m  Biofix rods. The transarticular technique used for fixation of osteotomies in the 1st and 
5th metatarsal and the intramedullary technique used for digital fusions are described. All of the 
patients were followed for a minimum of three months, but most for > one year, and all of the 
procedures were evaluated for failure of fixation, osteolytic bone changes, sterile sinus 
development, and infection. There were no  failures of fixation and no infections in this series. Of 
the patients 22,4 % developed radiographic osteolytic changes and 4, l  % sterile sinus discharge. 
However, these had no  effect on the success or outcome of the procedures (Bums 1995). 

The authors present two case studies which describe a destructive, non-specific foreign body 
reaction encountered while using the BiofixB absorbable rod system. At Dallas Family Hospital, 
the BiofixB system has been used in 32 first metatarsal procedures, ten lesser metatarsal 
procedures, and 15 digital procedures. Twenty-seven patients are included, with two developing 
a reaction that required surgical drainage and debridement. The first reaction was noted to be 
extremely violent with destruction of bone and soft tissue. Prompt diagnosis and aggressive 
therapy are necessary to minimize the soft tissue and bony destruction that may occur. Surgical 
drainage and debridement are often necessary to control the reaction (Miketa and Prigoff 1994). 

A study was undertaken to evaluate the use of Orthosorb absorbable pin fixation for distal first-ray 
osteotomies in the management of hallux valgus. The data presented include 20 osteotomies fixed 
with Orthosorb absorbable pins in a crossing fashion, performed on 14  patients with an average 
follow-up period of 11 months. The patient population presented with an average age of 30 years. 
All patients were female. The patient pool was evaluated for hallux abductus, metatarsus primus 
varus, tibial sesamoid position, quality and quantity of the range of motion at the first 
metatarsophalangeal joint, metatarsalgia, and osteolysis, both before and after surgery. No 
osteotomy displacement, delayed healing, or osteonecrosis was noted in this study. No adverse 



clinical reactions were observed in response to the ORHTOSORB pins (Hetherington et al. 1994). 

In one study evaluation was done of the effectivness and possible complications of polylactic 
absorbable devices in surgical procedures invoiving fixation of the foot. This was a prospective 
study in which biodegradable rods of poly-L-lactide wete used in the fixation of 41 metatarsal 
osteotomies and digital arthrodeses and one midtarsal fusion in 23 patients. All of the proceduros 
were evaluated for failure of fixation, radiographic osteolysis, foreign-body reaction, sinus 
fomation, and infection. It was noted one failure of fixation and two complication unrelated to 
the type of fixation. There were no foreign-body reactions, sinus formulations, or infection. It was 
concluded that the poly-L-lactic acid rod is a viable method of fixation for these procodures 
(Bums and Varin 1998). It was presented a new fixation system constituted by reabsorbable mini- 
staples in poly-L-lactic acid, the use of which is proposed for Akin osteotomies. In this type of 
surgery and in selected cases (without osteoporosis andlor severe arthritis of the first 
metatarsophalangeal joint, this fixation device is an interesting alternative to the traditional 
nonabsorbable types (Barca and Busa 1997). 

Conclusions 

Fixation of chevron osteotorny with bioabsorbable rods secures the new position of the metatarsal 
head. Due to good stability, redisplacements and non-unions are exceptionally rare. Fixation of 
proximal metatarsal osteotorny with a bioabsorbable screw secures the result in more severe 
hallux valgus (over 30 degrees). 

References 

Barca F, Busa R: Resorbable poly-L-lactic acid mini-staples for the fixation of akin osteotomies. 
J Foot & Ankle Surg 36 (2): 106-1 11.1997 

Bums AE: Biofixl fixation techniques and results in foot surgery. J Foot & Ankle Surg 34: 276- 
282, 1995 

Bums AE. Varin 1: Polv-L-lactic acid rod fixation results in foot surgery. J Foot & Ankle Surg 37: 
37-41, 1998 

Hetherington VJ. Shields SL. Wilhel~n KR. Laporta DM, Nicklas BJ: Absorbable fixation of first rav 
osteotomies. J Foot & Alkle Surg 33: 290-294. 1994 

Hiwensalo E, Bos t l im~ 0. Torlllala P, Vainionpaa S, Rokkanen P: Chevron osteotomy fixed with 
absorbable polyglvcolide pills. Foot & Ankle 11: 212-218, 1991 

Miketa JP, Prigoff MM: Foreign bodv reactions to absorbable implant fixation of osteotomies. J 
Foot & Ankle Surg 33: (23-62'7. 1994 

Partio EK, Hiwensalo E, Partio E, Rokkanen P: Proksimaalinen vai distaalinen I jalkapoydanluun 
osteotomia oireiserl hallux valguksen hoidoksi? Prospektiivinen vertaava tutkimus. Suom Ortop 
Traumatol 16: 103-106, 1993 [In Finnish] 

Pelto-Vasenius K, Hiwensalo E, Rokkanen P: Osteolytic changes after polyglycolide pin fixation 
in chevron osteotomy. Foot CS Ankle International 18: 21-25, 1997 

Pihlajamaki H, Bostman 0, Hiwensalo E, Tormala P, Rokkanen P: Absorbable pins of self- 
reinforced poly-L-lactid acid for fixation of fractures and osteotomies. J Bone Joint Surg 74-B: 
853-857, 1992 



OSTEOARTHRITIS (OR RHEUMATOID ARTHRITIS) 
OF THE PROXIMAL BIG TOE JOINT 

A destroyed I metatarsophalangeal joint owing to the osteoarthritis or rheuma is an indication for 
operation. 

MTHRODESIS OF THE I MTP JOINT 

Operation indications 

Figs. 1-2. Resection arthroplasty or arthrodesis are the operative methods used. The fixation of 
arthrodesis can be done with bioabsorbable rods. 

Operation technique 

Implants SR-PGA or SR-PLLA rods 2,O X 20 m m ,  SR-PLLA screws 2,O-3,5 X 20 mm.  

A straight medial incision is made on the basis of the big toe. The I metatarsophalangeal joint is 
exposed. The rest of articular cartilage and other unevenness are removed with drills, rongeurs 
or a chisel and a mallet. An exact contact between the freshened surfaces is essential with good 
con~pression. The toe is in 25" dorsal flexicn and in 15" valgus. From the medial sides of the 
metatarsal and phalangeal bone two channels are drilled. The channels are measured and flushed. 
The rods are inserted with an applicator. A radiograph is taken to ensure the result. The wound 
is closed. 

Postoperatively a splint is used for six weeks. Weight-bearing is allowed immediately but 
avoiding stress on the medial side. After six weeks normal weight-bearing is possible. 

Results 

The following radiographs will show examples of correction and healing of destroyed joint by 
fixation with bioabsorbable rods or screws. 



Figs. 3 (a-b). The operation gives a painless joint with good weight-bearing (in the radiograph 
arthrodesis of the I tarsometatarsal joint) (Absorbable fixation in orthopaedic srugery, p. 77). 

The patients and the main results are presented in the Table. 

Table. Patients with rheumatoid arthritis in the I MTP joint (Niskanen et al. 1993) 

Issue Number % 

Operation 

Age (mean; years) 

Sex (femalelmale) 

Operation time (mean; minutes) 

Hospital stay (mean; days) 

Sick leave (days) 

Postoperative course: 
Infections 

Deep venous thrombosis 

Non-union (clinical) 

Sinus formation 

Discussion 

In a randomized study the first metatarsophalangeal joint was fused in 39 patients with 
rheumatoid arthritis using either absorbable SR-PLLA rods or Kirschner wires. There were three 
clinical non-unions after bioabsorbable fixation, none after K-wire fixation, and a radiographic 
non-union in five and two cases, respectively. The fixator had to be removed in three cases after 
K-wire fixation (Niskanen et  al. 1993). PDS pins were used in fixations for digitalarthrodesis in 
58 operations without any complications (Patton et al. 1990). 

Conclusions 

A similar operation can be done in the I metatarsophalangeal joint as seen in the radiograph of 
arthrodesis of the I tarsometatarsal joint. Bioabsorbable rod or screw fixation secures a favourable 
result. 
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PEDIATRIC ORTHOPAEDIC 

Fracture of the lateral humeral condyle 
Fracture of the medial condyle and the medial epicondyle of the humerus 
Fracture of the medial malleolus 
Fracture of the proximal humerus 
Fracture of the metatarsal bones and phalanges of the toes 

Congenital hip dysplasia 
Rotatory deformity of the tibia in children 
Hindfoot deformity due to neuromuscular disease 

We have used small-diameter polyglycolide pins as a substitute for metallic pins in the fixation 
of displaced fractures in children since 1987 (Bostman et al. 1989, Makela et al. 1992, Bostman 
et al. 1993). From September 1987 through September 1996, 140 children with a variety of 
displaced physeal or non-physeal fractures were treated by open reduction and absorbable pin 
fixation. The indications for surgery were the following: 1) displaced (> 2 mm)  fractures of the 
lateral condvle of the humerus; 2) severe avulsions (> 5 m ~ n )  of the medial epicondyle of the 
humerus; 3) displaced physeal fractures Type Salter-Harris 111 or IV; and 4) supracondvlar 
fractures of the humerus after a failed attempt at closed reduction. Open reduction under general 
anaesthesia was performed using standard techniques with the exception that absorbable 
polyglycolide pins were used to fix each fracture. Postoperative plaster-cast immobilization was 
needed in all patients from four to six weeks. 

The patient population consisted of 83 boys and 57 girls with an average age of 10,l  years (range 
2-15 years). The follow-up time averaged 6,8 years. Uneventful clinical course and functional 
recovery ensued in 125 (89 %) cases. One superficial wound infection (0,7 %) and five secondary 
redisplacements were seen. With the exception of the severely displaced supracondylar fractures 
of the humerus (i.e. three redisplacements), the absorbable pin fixation maintained the reduction 
without evidence of abnormal physeal growth. The functional result was graded as good (Makela 
et al. 1997). 
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ORTHOPAEDICS FOR RHEUMA PATIENTS 

With operations for rheuma patients it is possible to prevent or delay the course of the rheuma 
disease, improve the fuction, and eliminate or diminish the- pain. The rheuma itself does not 
cause any exception in the use of absorbable polylactide implants. 

Absorbable devices can be used in the following operative procedures for rheuma patients when 
fixing bone, joint or ligament: 
- osteotomy 
- arthrodesis (especially PIP, DIP, IP, and base joint of the thumb, trapezio-, metacarpo-, 
scaphotrapezio-, wrist-, subtalar, and TC joint) 
- refixation (especially the ulnar collateral ligament of the I metacarpophalangeal joint) 

For the technique of the procedures see particularly the following chapters above: 

Rheumatoid arthritis in the radiocarpal joint 
Osteoarthritis (or rheumatoid arthritis) in the hand 
Osteoarthritis (or rheumatoid arthritis) of the talocrural (TC) joint 
Osteoarthritis (or rheumatoid arthritis) of the subtalar joint 
Osteoarthritis (or rheumatoid arthritis) of the proximal big toe joint 

Polylactide (not polyglycolide) devices must  be used in rheuma patients. 



EXTENDED INDICATIONS FOR OPERATION 

The above chapters are mainly concentrated to describe the most common injuries and 
orthopaedic diseases where bioabsorbable devices have been used. In addition, there are many 
other indications for bioabsorbable fixation. If you are familiar with the principal technique, it 
enables you to fix all types of cancellous bone and short cortical bone fractures. In orthopaedic 
indications the same principle is valuable. One example is a bone defect where a bone transplant 
is needed, e.g. in traumas or total arthroplasties. This transplant can be fixed with bioabsorbable 
devices. 



INSTRUCTIONS FOR OPERATION THEATRE PERSONNEL 

Bioabsorbable polyglycolide (PGA) implants for fixation of fractures and osteotomies are sterilized 
with ethylene oxide. Implants made of polylactide (PLLA) are sterilized by gamma radiation. Other 
sterilizing methods can disturb the physicochemical structure of implants. The implants are 
packed in single-use sterilized packages. A new sterilization is not possible with polyglycolide or 
polylactide implants because of the weakening of the materials due to sterilization. Therefore all 
open packages are useless if not needed for the planned operation. 

Implants made of different materials can be used simultaneously at one operation, even in 
combination with metallic implants. Implants made of PGA have better strength values than 
those made of PLLA. On the other hand, PLLA implants retain the strength values longer than 
PGA implants. 

Before opening the package the following things should be checked: 

- material (either polyglycolide, PGA or polylactide, PLLA) 
- dates of sterilization and expiration 
- size of the implant 

diameter of the rod: 1 , l  mm,  1,5 mm, 2,O mm,  3,2 mm,  4,5 m m  
length of the rod : 10 m m  - 70 mm 
diameter of the screw: 2,O mm, 2>'7 mm,  3,5 mm,  4,5 mm,  6,3 m m  
length of the screw: 6 m m  - 110 m m  

- shape of the implant: rod, screw, expansion plug, minitack, wire, arrow 

For insertion of the rods applicators of corresponding sizes are required. For insertion of the 
screws a special screwdriver, countersink, and tapping device must be available. All implants can 
be cut shorter when excessive in length. A mini-oscillating saw is preferred to avoid damage to 
the implant. A hot loop or a dental saw can also be used. A rongeur may not be used. as it will 
break the implant. 

Table. Drillbits and screws corresponding in diameter. 

Drillbit (mm) Screw (mm) 

435 673 
'! with A 0  or Leibninger screw driver 

with A0 tapping device 



INFORMATION FOR PATIENTS. 

Bioabsorbable implants have been clinically used since 1984 for the treatment of bone fractures 
and osteotomies. The advantage of this method is the need for only one operation. No removal 
operations are required as when using metallic implants. 

The raw material for strong bioabsorbable implants is either polyglycolide or polylactide. Both 
materials are based on physiological substances, glycolic acid, and lactic acid which are normal 
compounds in human tissues. These polymeric materials have been used for the manufacture of 
absorbable surgical sutures since the 1970's. The implants for fixation of bone fragments are 
direct cylindrical rods, screws, minitacks, expansion plugs, wires or arrows. 

Implants made of polyglycolide lose their strength gradually within six weeks after the operation. 
The material disappears totally within several months. Implants made of polylactide retain their 
strength properties for a t  least 12 weeks, and the material will remain for some years in the 
otherwise healed tissue. 

The implant is not visible in ordinary radiographs. Only the holes for the implants can be seen 
in the radiograph, at least shortly after the operation. Later on, the holes may be filled partly with 
new bone and cannot be seen in the radiographs. 

The postoperative treatment and rehabilitation are carried out as with metallic implants. The 
individual program is planned depending on the type and severity of the injury. The given 
directions shall be obeyed to prevent redisplacement of the fracture as well as to ensure optimal 
exercise for the adjacent joints and muscles. 

By using bioabsorbable implants the rate of infections has been the same as with metallic 
implants. The fixation has been reliable, and redisplacements are rare. However, the materials can 
sometimes cause irritation of the surrounding tissue and this may cause local swelling and pain. 
This kind of foreign body reaction is also known to be connected with bioabsorbable sutures. The 
sympton~s  start 8-16 weeks postoperatively when using polyglycolide implants, i.e. after healing 
of the fracture. They can last for a few dayslweeks. Sometimes liquid remnants of the implants 
are accumulated beneath the scar or they may erupt through the scar and form a sterile sinus. 
The risk of local irritation is now under 2 per cent when using polyglycolide but nearly 0 per cent 
when using polylactide. The symptoms can mostly be treated by anti-inflammatory drugs and 
rest. The patients should visit the outpatient department more often (once or twice a week). If 
the fluid accumulation is large, a therapeutic puncture or incision may become necessary. A 
sterile sinus should be regularly flushed with water. Antibiotics are not routinely used. 
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IMPLANTS 

General 

When planning implants and instruments the devices already in hospital use are to be taken into 
consideration. The dimensions of the implants are adjusted with the methods currently used at 
hospitals. This ensures clear savings of the expenses. 

Metallic implants and implants made of bioabsorbable materials are different, since bioabsorbable 
materials do not posses any cutting properties. The moulding of metals is easier than that of 
bioabsorbable polymers. This partly restricts the use of bioabsorbable polymers in the 
implantation technology. 

Rods 

The rods are made of two materials: SR-PGA and SR-PLLA. The rods are slightly thicker 
compared to the nominal measures. They are not round but somewhat oval. These properties 
increase their locking property. 

SR-PGA and SR-PLLA rods 

Sizes (diameter X length) 

Full-threaded screws  (F) 

These screws are made of two above-mentioned materials. Owing to the profile of the thread, the 
Bionx screws mus t  be inserted with special screw drivers, except screws of 2,O m m  in diameter. 

SR-PGA full-threaded screws  

Sizes 

ristop
Highlight



SR-PLLA full-threaded screws 

Sizes 

Lag screws (L) 

Lag screws are made of SR-PLLA only. They are used as metallic lag screws. 

SR-PLLA lag screws 
Sizes 

Minitaclz 

SR-PLA minitack is intended for fixation of ruptures of the ulnar collateral ligament of the first 
MP-joint. 

SR-PLA tack 

Sizes 

1.1 lnrn (Mini) 6,15 m m  

1.5 1111~1 (Mikro) 5 m m  

3.0 I I ~ I I I  (Normal) 25. 40 m m  

Meniscus arrow 

SR-PLLA meniscal arrow is intended for fixation of vertical longitudinal meniscal ruptures 
(bucket-handle) located in the peripheral part of the meniscus. 

SR-PLLA meniscus arrow 

Sizes 
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Wire 

SR-PLLA wire is used as a metallic wire. 

SR-PLLA wire 

Sizes 

SR-PLLA membrane 

Sizes 

Bionx instruments 

The instruments for implantation of Bionx devices are made of steel accepted for surgical 
instruments. They are durable and easy to  handle. 
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