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The Biomet Bone Screw is indicated for ankle fractures, 
metatarsal fusions and metatarsal osteotomies (Hallux Valgus). 

The screws are made of a resorbable copolymer comprised of 
polylactic acid (PLA) and polyglycolic acid (PGA) . In 
histological animal studies, the bone screw was completely 
resorbed by 15 months IN VIVO. 

The Biomet Bone Screw is made of bioresorbable and 
biocompatible polymers that have been used in surgical 
procedures for years. LactoSorb® resorbable copolymer is a 
synthetic polyester derived from lactic and glycolic acids. 
Polylactic/polyglycolic acid copolymer degrades and resorbs IN 
VIVO by hydrolysis to lactic and glycolic acids which are then 
metabolized by the body. The safety of PLA/PGA material has 
been well documented since the early 1970's when the FDA first 
approved the use of resorbable- PLA/PGA sutures. The exact 
same LactoSorb® material has been implanted in humans for over 
10 years in a ligating ·clip. The LactoSorb® material has been 
found to be biocompatible in both soft tissue and bone tissue. 

The effectiveness of the Biomet Bone Screw was determined by 
mechanical testing. The LactoSorb® screws were found to 
provide the same healing as a stainless steel screw in an 
animal model. There was no adverse tissue response to either 
the metal or LactoSorb® screws. 

In summary the Biomet Bone Screw is safe and effective for 
fixation of cancellous bone. Mechanical testing demonstrated 
the Biomet Bone Screw to be as effective as the comparative 
metal and PGA resorbable cancellous screw. 
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DEPARTMENT OF HEALTH &. HUMAN SERVICES 

APR -3 897 

Ms. Mary L. Verstynen 
Clinical Research Manager 
Biomet, Inc. 
P.O. Box 587 
Airport Industrial Park 
Warsaw, Indiana 46581-0587 

Re: K964970 
Biomet Bone Screw 
Regulatory Class: II 
Product Codes: HWC and MAI 
Dated: March 17, 1997 
Received: March 18, 1997 

Dear Ms. Verstynen: 

Public Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

We have reviewed your Section 510(k) notification of intent to 
market the device referenced above and we have determined the 
device is substantially equivalent (for the indications for 
use stated in the enclosure) to devices marketed in interstate 
commerce prior to May 28, 1976, the enactment date of the 
Medical Device Amendments, or to devices that have been 
reclassified in accordance with the provisions of the Federal 
Food, Drug, and Cosmetic Act (Act). You may, therefore, 
market the device, subject to the general controls provisions 
of the Act. The general controls provisions of the Act 
include requirements for annual registration, listing of 
devices, good manufacturing practice, labeling, and 
prohibitions against misbranding and adulteration. 

If your device is classified (see above) into either class II 
(Special Controls) or class III (Premarket Approval) , it may 
be subject to such additional controls. Existing major 
regulations affecting your device can be found in the Code of 
Federal Regulations, Title 21, Parts 800 to 895. A 
substantially equivalent determination assumes compliance with 
the Good Manufacturing Practice for Medical Devices: General 
(GMP) regulation (21 CFR Part 820) and that, through periodic 

GMP inspections, the Food and Drug Administration (FDA) will 
verify such assumptions. Failure to comply with the GMP 
regulation may result in regulatory action. In addition, FDA 
may publish further announcements concerning your device in 
the Federal Register. Please note: this response to your 
premarket notification submission does not affect any 
obligation you might have under sections 531 through 542 of I 
the Act for devices under the Electronic Product Radiation 
Control provisions, or other Federal laws or regulations. 
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Page 2 - Ms. Mary L. Verstynen 

This letter will allow you to begin marketing your device as 
described in your 510(k) premarket notification. The FDA 
finding of substantial equivalence of your device to a legally 
marketed predicate device results in a.classification for your 
device and thus, permits your device to proceed to the market. 

If you desire specific advice for your device on our labeling 
regulation (21 CFR Part 801 and additionally 809.10 for in 
vitro diagnostic devices), please contact the Office of 
Compliance at (301) 594-4659. Additionally, for questions on 
the promotion and advertising of your device, please contact 
the Office of Compliance at (301) 594-4639. Also, please note 
the regulation entitled, "Misbranding by reference to 
premarket notification" (21 CFR 807.97}. Other general 
information on your responsibilities under the Act may be 
obtained from the Division of Small Manufacturers Assistance 
at its toll-free number (800) 638-2041 or (301) 443-6597 or at 
its internet address "http://www.fda.gov/cdrh/dsmamain.html". 

Enclosure 

Sincerely yours, 

~el~~n, Ph.D., M.D. 
Director 
Division of General and 

Restorative Devices 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

• 

- IY 
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Page __ o(_ 

51 O(kJ Number (if knownJ: K964970 

Device Name: Bio•et Bone Screw 

Indications ~or Use: 

·· The Biomet Bone Screw is"indicated ~9~ ankle-fractures, 

metatarsal fusions and metatarsal osteotomies (Hallux Valgus). 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of COAH, Office of 

Pre!;cripticn l;se__::i_ 
(Per 21 CfR 801. i091 

OR 

(Di . . Sign-off) 

DivJSJon of General Restorative Devices l1 /. 

510(1t) N!Jmber 1(., 70Yf.'JV 

Over- fne-Ccunter Use ___ _ 

{Optional Format 1-2-961 

ill 
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510(K) ROUTE SLIP 

-- 510 (k) NUMBER K964970 PANEL OR DIVISION DGRD 

TRADE NAME BIOMET BQNE SCREW 

COMMON NAME SCREW. FIXATION. BONE 

PRODUCT CODE HWC SCREW. FIXATION. BONE 

APPLICANT BIOMET. INC, 

BRANCH ORDB 

SHORT NAME ~B~I~ODM~E&T--------~---------------------------------------
CONTACT MARY L VERSTYNEN 

DIVISION -------------------------------------------------------ADDRESS AIRPORT INDUSTRIAL PARK 
P.O. BOX 587 
WABSAW. IN 465810587 

PHONE NO. (~) ~-~ 

MANUFACTURER ~B~I~O~M~ET&L·~I~N~C~·----------------
UNITED STAtES SURGICAL CORP. 
GRIFFITH MICRO SCIENCE. INC. 

FAX NO, (~) ~-12iA 

REGISTRATION NO. 1825034 

DATE ON SUBMISSION 11-DEC-96 

DATE RECEIVED IN ODE 12-DEC-96 

DECISION _;;· C:: 

SUPPLEMENTS SUBMITTED RECEIVED 

s..QQ! 17-MAR-97 18-MAR-97 

CORRESPONDENCE SENT DUE BACK 

COOl 06-MAR-97 05-APR-97 

OTHER 
SUBMISSIONS SUBMITTED RECEIVED 

ADD-TO-FILE 02-JAN-97 07-JAN-97 

DATE DUE TO 510(K) STAFF 25-FEB-97 

DATE DECISION DUE 12-MAR-97 

DECISION DATE --------

DUE POS DUE OUT 

01-JUN-97 16-JUN-97 

HOLD LETTER 

DUE POS DUE OUT 

08-MAR-97 

Is this 510(k) identified as a Class III device __ YES __ NO 
Is this 510(k) the result of additional information __ YES __ NO 
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UEP ARTMENT OF HEALTH & HUMAN SERVJ<~ES _ .. Public Health Service 
Food And Drug Adminis~tion 

, .' • ., "\I; I •• "•r ~•.• 

Memorandwn 

From: Reviewer(s)- Namc(s) . ~ c_.;t/e fVlt.~ 1)--
Subject: SIO(k) ~umber ~9 kL(C,/U /s' 
To: The Record -It is my recommendation that the subject 510(k) Notification: 

0 Refused to accept. 

0 Requires additional infonnation (other than refuse to accept). 

0 Accepted for review . 

~Is substantially equivalent to marketed devices. 

0 NOT substantially equivalent to marketed devices. 

0 Other (e.g., exempt by regulation, not a device, duplicate, etc.) 

Is this device subject to Postmarket Surveillance? 

Is this device subject to the Tracking Regulation? 

DYES 

DYES 

Was clinical data necessary to support the review of this SIO(k)? DYES 

Is this a prescription device? ~ 
Was this 51 O(k) reviewed by a Third Party? DYES 

This 51 O(k) contains: 

Truthful and Accurate ~tatement DRequest~ Enclosed 
(required for originals received 3-14-95 and after) 

~ 51 O(k) summary OR DA 51 O(k) statement 

~ The required certification and swnnwy for class III devices 

~ Th~ indication for use form (required for originals received l-1-96 and after) 

The submitter requests under2l CFR 807.95 (doesn't apply for SF..~): 

i 
' 

0 Nv Cor.:fidentiaii~y ~oniidentiality for 90 4'lys LJ Continued Confidentiality excectHng 90 d~ys 

Additionru froduct Codc(s) with pand (optional): 

tA. )~ t 
L/ 9 ~ 

----~------------_.~~-----r-----Y-----------------------------------'._~--
chCode) 

Final Review: ____ ___j~-=::~=-=-~;....:::~::-__:~~z:::::._ _____________ _.:::_uL~~_:_ 
(Divisio (Date) 

Z{cviscd: 11-20-96 

1 
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bsc abs copol pia pga ftexi 

Public Health Service 
DEP~ 06~TH A HUMAN SD.VICES Food and Drug Administration 

Memorandum 

5 1 0 (k) REVIEW 

DATE March 31, 1997 
FROM KEN MCDERMOTT 
TO File 

DOCUMENT # K964970 
SPONSOR Biomet 
DEVICE NAME Bone Screw 

CLASS HWC MAI 
DISEASE/USE see next page 

REASON FOR APPLICATION New device 

DECISION SE The most important factors affecting this decision 
include the following: 

1. The intended use of the above referenced device and predicate 
absorbable threaded devices are exactly the same. The intended 
uses are restricted to use in the ankle and metatarsal, as are the 
predicate absorbable screw devices. 

2. The above referenced device is similar in size and design to an 
absorbable predicate screw (different material, same intended 
use) , and made of the same material as another predicate screw 
(different size and intended use) . There are no predicate 
absorbable screws with the head snap-off feature and cannulation. 
These and other minor differences in design were addressed in an 
animal study and in an in vitro strength retention study. 
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Page_ or_ 

51 O(k) Number (if knownJ :--.K=9..;;.6...;.4;;._9 7;;.._0~---

Device Name: BlOIHit Bone Screw 

Indications f-or Use: 
·· The Biomet Bone Screw is"indiaated ~9~ ankle-fractures, 

metatarsal fusions and metatarsal osteotomies (Hallux Valgus). 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 

Concurrence of CORH. Office of Device Evaluation {ODE) 

Pc~~cdpticn L;se __ 
(Pe( 21 CfR 801. i 09l 

OH 

i; 

Over- fhe-C0unter Use ___ _ 

(Optional Format 1-2-96) 
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MATERIALS 
STANDARD # 

INTERFACES 

DESIGN 

pla/pga 82%/18% 
TRADE NAME LactoSorb 

ARTICULATIONS none 
TISSUE FIXATION bone 

MATING PARTS none 
COATINGS none 

5 mm diameter, 35-70 mm long untapered screws (12 
sizes) , partially threaded, cannulated or solid (see 
Figs. 1-3). When the permanent head contacts the bone 
surface, the hex head, used to turn the screw, shears 
off of it. 

MANUFACTURE US Surgical pellets extruded into a rod and machined. 
Bxactly same process and materials as absorbable 
predicate devices. 

STERILITY 
FILE 

EtO 
mat\abs\ 

COMPARABLE PRBDICATB DEVICES 

RECNO 976 

PREDICATE DEVICE I REVIEWED RECENTLY WITH SNAP-OFF FEATURE 

DOCUMENT # 
SPONSOR 
DEVICE NAME 

K962233 
Medinov 
Twist-off Screw 

CLASS HWC 2 888.3040 SCREW, FIXATION, BONE 
DISEASE/USE Fixing and stabilizing osteotomies of the metatarsals and phalanges of the foot. 

REASON FOR APPLICATION New device. 
DECISION SE 

MATERIALS 
INTERFACES 

DESIGN 

PROCESSING 
FILE 

Ti-6Al-4V 
ARTICULATIONS none 

TISSUE FIXATION bone 

STANDARD # ASTM F 136 
MATING PARTS none 
COATINGS none 

Self drilling, self tapping, partially threaded screw attached to a "screw-holder" 
which fits into a screwdriver. The connection between the screw and screw-holder 
breaks when the screw head contacts the bone cortex. 4 lengths. 2 mm OD. 

Machined and oxidized in air. STERILITY nonsterile 
ba\bsc\ RECNO 998 

OTHER PREDICATE DEVICES (see Figs. 4, 6) 

As required by 21 CFR 807.87 (f), the device under review in 
this 510k is compared for substantial equivalence to legally marketed 
predicate devices which were found to be substantially equivalent in a 
510k, i.e., K920188 PGA and K925098 PLLA Biofix pins and rods (Fig. 4a 
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and b), K925471 Biofix SRPLLA Threaded Fixation Rod (similarly size 
screw: 4.5 mm diameter, 25-70 mm long) (see attached memo) and K955729 
LactoSorb Trauma Plating System (smaller screws, same material, used 
with plates in cranial maxillofacial indications) as well as other 
metal screws (Fig. 6). 

The device under review is made of the same absorbable material 
and is about the same size as are other absorbable threaded devices and 
has the same geometry, size, partial threading, head snap-off feature 
during implantation and cannulation as are present in predicate metal 
screws. However, there are no predicate absorbable screws with the 
head snap-off feature and cannulation. These and other minor 
differences in design were addressed in an animal study as discussed 
below. 

Predicate absorbable devices only have indications for use in the 
ankle and metatarsal. The indications have been modified to include 
only these. 

TECHNOLOGICAL CHARACTERISTICS: 

1 

The animal testing included the following: 

Friedman, R.J.; et al. implanted metal- and absorbable bone screws 
(Tab. 1) in weight bearing dog femoral osteotomy models (Tab. 2, 
Fig. 7). After 2 months, the torsional strength (Tab. 3) of the 
.whole bone implanted with the ss screws tended to be slightly 
higher compared to absorbable screws, but the differences were not 
significant. The hardness of the bone around the SS screws were 
not significantly higher than around the absorbable screws (Tab. 
4) . 

Histology at 2, 9 and 15-17 months showed good healing without 
inflammation or osteolysis as occurs in PLA implants. This is 
because the copolymer resorbs more uniformly so crystallites are 
not present to cause inflammation. Bony union was 90% and 80% for 
bones fixed by absorbable and SS screws respectively as determined 
from fragment displacement measurements. There was complete 
resorption in 9-15 months. Fragment displacement fixed by both 
types of screw was low (0.5 mm) compared to other studies (1-2 
mm). 

This study demonstrated that the screws provided adequate healing 
in this animal model without inflammation. 

;0 
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2 Bianchini, S.; Pietrzak, W.S. aged 5 mm LactoSorb screws and 4.5 
mm Biofix PGA screws in 37 C phosphate buffer for up to 2 months. 
The LactoSorb screws had greater shear and pullout loads (Fig. 5, 
Tab. 6). Non-soaked LactoSorb screws also had greater torque 
strengths (Tab. 5). The strength vs time aging study indicated 
that these screws had adequate strength during the 6 week healing 
time. 

There is no clinical data on this device. A 510(k) indications 
for use statement, truthful and accuracy statement and summary of 
safety and effectiveness were submitted as required in the Safe Medical 
Devices Act. 

LABELING 

Proposed labels, labeling and advertisements were provided which 
sufficiently describe the device, its intended use and the directions 
for use (21 CFR 807.87) 

RBVIBWBD BY: 
Ken McDermott 

ATTACHMENTS: 

design drawings 
predicate device 
Tables and Figures 
intended use statement 

CONTACT HISTORY: 

The following is a chronological listing of all requests for 
information made by Ken McDermott to the firm regarding this 510k, 
followed by a summary of the firm's response in their next 
correspondence (the firm's response is indented below each request): 

As per 21 CFR 807.87 (h) , I advised Ms. Verstynen Ms. Verstynen 2-24-97, 
IOrun that there is insufficient information to make a determination 
concerning substantial equivalence. I then requested the following 
information: 

)I 
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COMPARABLE PREDICATE DEVICE 

COMPARABLE PREDICATE DEVICE 
Please determine If there is a absorbable screw with similar threading, cannulation and 
temporary head twist off. 

There is no such predicate device. 

INTB:NDBD USE 

Please provide •pecific implantation sites and indications for use. For 
any changes you make, note that the following should be consistent and resubmitted: 

intended use form, 
package inaert, 
510(k) summary of safety and effectiveness 

The indications are specific, but there are no predicate 
absorbable screw-devices.--- The absorbable- -pin -and rod devices only 
include ankle and metatarsal (Fig. 4). 

TESTING 

In the report by Friedman, R.J.; et al., please provide the fo~lowing: 

-which screws were cannulated; 

FDA received an adequate response to this request. 

the differences between test samples and marketed devices (include 
photos/drawings if possible showing the differences in design, 
dimensions and intended use between the absorbable and SS 
samples); 

FDA received an adequate response to this request. 

legible figures; 

FDA received an adequate response to this request. 

a discussion of the relationship between indentation load and bone 
strength, viz., how well indentation load correlates to bone 
strength. 

This information was requested but there was no response to 
this request by the firm. 
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___ ./ 

In the report by Bianchini, S.; Pietrzak, W.S., please provide the 
following: 

which screws were cannulated in the shear and pullout tests; 

FDA received an adequate response to this request. 

As per 21 CFR 807.87 (h) , I advised Ms. Verstynen Ms. Verstynen 3-4-97,4 
pmthat there is insufficient information to make a determination 
concerning substantial equivalence. I then requested the following 
information: 

COMPARABLE PJmDICAD DBVICB 
Please provide an absorbable screw with st.ilar design features and 
intended uses as your device. 

FDA received an adequate response ·to this request. 

INTBNDBD USB 
The indications provided are specific, but there are no predicate 
absorbable screw devices with these indications. The absorbable pin 
and rod devices only include ankle and metatarsal indications. Please 
provide specific t.plantation sites and indications for use for your 
device that match an appropriate predicate device. For any changes you 

.. _./' make,- note that the following should be consistent and resubmitted: 

intended use for.m, 
package insert, 
SlO(k) summary of safety and effectiveness 

FDA received an adequate response to this request. 

TESTING 
Clinical data may be necessary for those intended uses for which there 
are no predicate devices. 

This does not apply to this device. 
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1 
i 

rf cannulated, the screws contain a central through-hole of 
1.25 mrn (0.059 inch) diameter, to permit the bone fragments to 
be reduced with a 1.1 mm diameter K-wire, with the screw 
introduced over the K-wire. The instrumentation set is 
composed of a screwdriver, a tap. and a drill bit. Any 
standard stainless steel K-wire, up to a diameter of 1.1 mm, 
may be used with the cannulated screw. 

lkx Head------------1+ 

Pc:nnanent Heau----------..1 

Flat Surfac 

Smooth Shaft --------fl 
Minor ------+1 
Diameter 

Distal Threaded Region------1 ...... 

Major Diameter 

Overall Length 

Figure 1. Schematic drawing of the Biomet bone screw. 

)~ 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



\ 
/ ... ·:· 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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JUL t 9 004 

Mr. Jonathan s. Kahan 
.Bioscience Liaited 
Representing Hogan and Hartson 
Coluabia Square 
555 Thirteenth Street Northwest 
washington, DC 20004-1109 

Re: K925098 

Public Health Service 

Food and Drug Administration 
1390 Picard Drive 
Rockville MD 20850 

Pr 5 LfA 

BIOFIX Bioabaorbable Self-~n~~rced 
Poly-L-lactide Fixation ns 

Regulatory Class: II 
Product Coda: HTY 
oat~~- ~ June 1, 1994 _ 
Received: June 1, 1994 

Dear Mr. Kahan: 

We have reviewed your Section 510(k) notification of intent to 
market the device referenced above and we have determined the 
device is aubatantially equivalent to devices aarkated--in 
interstate ca..erce prior to May 28, 1976, the enactaent date 
of the Medical Device ~nts or to devices that have been 
reclassified in accordance with the provisions of the Federal 
Food, Drug, and Coaaetic Act (Act). You may, therefore, 
market your device subject to the general controls provisions 
of the Act and the following li•itation: all labeling for 
this device syataa, including the packa9e label and labeling 
included within the package, must proainently state that the 
Biofix !9-0rbi@Je S!!fJ+ Pin is intended only for.chavran~ 
Oieeotoaies of the first .. tatarsal bone for hallux valgus. 

,--

The general controls provisions of the Act include 
requireaents for annual registration, listing of devices, good 
manufacturing practice, labeling, and prohibitions against 
misbranding and adulteration. 

If your device is classified (see above) into either class II 
(Special Controls) or class III (Premarket Approval) it may be 
subject to such additional controls. Existing major 
requlations affecting your device can be found in the Code of 
Federal Regulations, Title 21, Parts 800 to 895. A 
substantially equivalent deteraination assumes compliance with 
the Good Manufacturing Practice for Medical Devices: General 
(GMP) regulation (21 CPR Part 820) and that, through periodic 
GMP inspections, the Food and Drug Administration (FDA) will 
verify such assumptions. In addition, FDA may publish further 
announcements concerning your device in the Federal Register. 
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DEPARTMENI' OF HEALTH & HUMAN SERVICES 

MAY 12 !m 

Mr. Sam Son 
· Director of Corporate 

Regulatory Affairs 
Kirschner Medical Corporation 
9690 Deereco Road 
Timonium, Maryland 21093 

Re: K920188 
BIOPIX• ~ Bioabsorbable 

Fixatio 
Regulatory ass: II 
Dated: February 22, 1993 
Received: February 23, 1993 

Dear Mr. Son: 

Public Health SeMce 

Food and Dlug Administration 
1390 Piccard Drive 
Roc::IMie, MD 20850 

We have reviewed your section 510(k) notification of int~~t to 
market the device referenced above and we have deterained the 
device is substantially equivalent to legally aarketed 
devic~s. -This decision is based on your device being found 
equ·ivalent smJ.x to aiailar devices labeled and intended for 
the m ' t nt of cancellous fra e 

opriate 
a.ons 

o d to 
e ces. You .. y, therefore, 

market the device, aubject·to the general controls provisions 
of the Federal Food, Drug, and Cosaetic Act (Act). The 
general controls provisions of the Act include requirements 
for registration, listing of devices, good manufacturing 
practice, and labeling, and prohibitions against misbranding 
and adulteration. 

If your device is classified (see above) into either class II 
(Special Controls) or class III (Premarket Approval) it may be 
subject to such additional controls. Existing major 
regulations affecting your device can be found in the Code of 
Federal Regulations, Title 21, Parts 800 to 895. In addition, 
the Food and Drug Adainistration {FDA) may publish further 
announcements concerning your device in the Fe4eral Register. 
Please note: this response to your premarket notification 
submission does not affect any obligation you might have under 
the Radiation Control for Health and Safety Act of 1968, or 
other Federal Laws or Regulations. 

II!!!! il'i 
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Food aDd Drtlf l .. *•iaua~iOD 
Ceatar for .,....._ _. ..U.ological Bealtb 
Office of PniM lnl•U. 

5 1 0 (k) M B M 0 R A • D U M 

Date: August 2, 1995 

Re: K925471 

From: 

Bioscience, Ltd. cjo Bogan and Hartson 
555 13th Street BW 
Waahington, D.C. 200041-1109 
ATTR: Joaathon Kahan 

(202) 637-5600 

Received: May 26, 1995 
Dated: May 26, .. 1995 
Device Raae: Bio x Bioabsorbable Self-Reinforced PLLA 

Thr ded Fixation Rod 

Paula Wilkerson 
Cbeaical Engine·--~·~ 
Orthopedic Davie s Branch 
General and Rest rative Devices Division 

To: Record 

Recommendation: 

Review: 

1. Has sponsor provided all administrative requirements? 

Yes 

2. Device description: Subject device is a bioabsorbable, 
fibrous, structurally cut, monofilaaent suture-like 
cylindrical bone fixation device composed of self-reinforced 
PLLA. The device is available in three sizes (see 
description below in Sizes). Each diameter of this device 
is sold with an appropriately sized instrumentation set 
which consists of a screw driver, a countersink tool, and a 
screw-thread tapping device. The exception to this is the 
inclusion of an AO tapping device used with the 2.7 mm 
threaded rod and an AO screwdriver or Leibinger screwdriver 
used with the 2.00 SR-PLLA threaded rod. Engineering 
drawings are included. 

Device Name: BIOFIXR Bioabsorbable Self-Reinforced Poly-L- ~~ ~ 
lactide (SR-PLLA) Threaded Fixation Screw lf 

0 :10 
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Material: Screwdriver - 400 series ss. 
Rod - PLLA with .ano.er and ~r contents < 0.05' (B-HMR 
spectroscopy). Trace el-nts of Cr, Co, Mn, Mo, and Sn 
deterained by fl- AAS method as <5ppa. Al, Bi, Si, and Fe 
contents <20ppa. MW • 30 - 70K. Percent crystallinity = 
42-71' (raw aaterials), and 60-78' (finished product). No 
solvents used in processing. 

Additional physical characteristics: 

Density = 1275 - 1280 gfc. 
' HzO abaorption = 0.13 - 0.06\. 
Expansion of .aterial = 1 - 2' 

Surface Characteristics: Threaded polymer • 
.. 

Range of Sizes: 

Di-t.er LeDgt.h 
O.t.er/Iaaer 

4.5mmf3.5mm 25 to 70mm in increments 
5- -

3.5mmf2.5mm 10 to 40JIIID in increments 
4JIIIl 

2.5mmf1.85mm 6 to 24mm in increments 
to 4mm 

2. Omm/1. 45mm 6 to 2 4mm in increments 
to 4-

SioPix SR PLLA IM 'ft&r llOds 

Di ... ter, OUt.erfiaaer Leagtb, rotaltrbread 

4.5/3.5/3.8 - 70/23-

65/30mm 

60J28mm 

55f26mm 

50f24mm 

45/42mm 

40f20mm 

35f18mm 

30/15mm 

25/12mm 

of 

of 

of 2 

of 2 

CO·l1 v ....... ~ ....... 
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3.5/2.5/2.8 - 10/5-

45/15-

40/14Bil 

35/14-

30/14-

28/14-

26/1~ 

24/10-
---- --- - 22/9-

20/8-

20/lllm 

11/'-

16/6-

14/5am 
.. 

12/5-

Geometry: Subject device is a series of threaded rods with 
nominal major thread diameters of 2.0mm, 2.7mm, 3.5mm, and 
4.5mm, and lengths of 6 to 70mm. The rods are either fully 
threaded (2.0mm, 2.7mm, 3.Smm, and 4.Smm) or LAG-threaded 
(3.Smm and 4.5mm). 

Method of Fixation: Device is inserted with accompanying 
instrumentation. 

3. Intended Use: Intended for maintenance of alignment of 
cancellous fractures of the malleolus of the ankle in the 
presence of appropriate immobilization. 

4. Sterilization: Provided sterile 

Method: Gamma Irradiation, Cobalt 60, 2.5 Mrad dosage. 

Sterilization Validation Method: Bioburden, AAMI. 

Sterility Assurance Level: 1 x 10-6. 

Description of Packaging: Double pouch, aluminum then 
Tyvek. 0012 
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Is device "pyrogen free•? Yes 

Method of deteraination: LAL 

5. Labeling: Labeling is included and appears to be 
appropriate and complete. 

6. Testing: 

The sponsor subaits tasting descriptive inforaation and data 
in the following areas: 

Biocompatibility Identical material is currently 
marketed by the sponsor under K925098 and relevant 
biocompatibility information is referenced to this 
submission-

Mechanical Properties 
following areas: 

Testing done and submitted in the 

1. initial banding strength, shear strength, and torsional 
strength; and 

2. bending aad shear strength retention and changes in 
vi_scosi ty-average aolecular weight ( Mv) under in vitro 
·hydrolytic conditions. 

Results: 

J2;Lamet§t:, 18DdiD8 &bau: ~:r::1ig1ual Number 
mm at;r;:ength, &SiUDSitb, St~::•nsath, of 

MPa Mpa Mpa devices 
tested 

2.0 168.3 - 178.8 126.8 - 135.4 45.3 - 47.2 4 

2.7 172.8 - 182.7 123.2 - 136.9 45.8 - 50.5 4 

3.5 100.7 - 249.4 102.7 - 177.9 20.0 - 70.3 78 

4.5 155.7 - 272.4 101.3 - 182.5 22.4 - 58.8 121 

FDA Coaaent 

A comparison of this data with that submitted in support of 
the Linvatec Bioabsorbable Rod, a similar predicate device 
for the same intended use, shows it to measure favorably. 

In Vitro Hydrolytic ~e•ting 

Devices tested in this sequence were immersed in phosphate 
buffer solution (Ph 7.4) at 80° and samples were removed 
periodically for evaluation. Mechanical testing was 
conducted to determine bending and shear strengths. 

~ 
C01,3 
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Intrinsic viscosities of the 2.0 .. and 2.7 .. threaded rods 
were measured in cblorofora at 25° with an Obbelohde 
capillary vi~ter; viscosity-average .alecular weight 
(Mv) waa then deterained using the Mark-Bouwink constants: 
K=5.45*!-4 and a=0.73. 

The complete results of these teats may be found in the 
application on pages 13 througb 15. A ca.plete replication 
of these fipres in this review is considered by this 
reviewer to be burdenaaae and wasteful of tt.e due to their 
presence in readily available data systaas should follow-up 
be desired at a later time. 

Conclusion 

The data froa theaa teats indicate that the device will 
·retain .. chanica! and physical characteristics at an 
adequate level to for a tiae period of enough length to 
assure healing at the intended location. 

~her Studies 

Ad9ftional information on the following applicable 
"literature is submitted by the sponsor: 

1. Lavery and Higgins, Mecbopicol Ch•rasteristics of Poly
L-L4ctic Acid Jheorh!hle Scr.,. apd atoipltas Steel Screws 
in Basilar OISIA\a-i•• of the Firat Metastarsal, University 
of Texas at San Antonio, 1994. 

2. Suuronen, et al., Strength Betentiop of Self-Beinforced 
PQly-L-L&qtic Scrawa and Plates: an In Vivo and In Vitro 
Study, Chapman and Hall, 1992. 

Clinical data from 74 patients treated at Helsinki 
University Hospital is presented and comparative information 
on alternative treatment modalities is also provided. 

7. Sponsor's Information in Support of SE: 

The sponsor claims substantial equivalence to the following 
devices: 

1. BIOFIX Bioabsorbable Self-Reinforced Poly-L-Lactic 
Fixation Pin (K925098); 

2. BIOFIX Threaded Bioabsorbable Fixation Rod (K920188); 

3. BIOFIX Bioabsorbable Fixation Pin, (K890902); and 

4. Johnson & Johnson Orthopedic's Orthosorb Absorbable Pin, 
(K901456). 

J) 
OOil 
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A coaparison of the subject device with all 4 of thee 
predicates in -.de by the spon.or in the following areas: 
Intended uae, llaterial, DiaenaioDS, Mechanical Strength 
Release Criteria, Mechanical Properties and Degradation of 
Material, and Sterilization. 

8. Review of other 510(k)'s for SB: 
Product lf ... , Ca.pany (It#: [DBCISIOII] on [DATE]): 

BIOPIX Bioab.orbable Self-Reinforced Poly-L-Lactic Fixation 
Pin, Bioscience, Ltd., K925098, S.E., July 19, 1994. 

9. SWIUilary: 

The sponsor baa presented mat•~ial which supports the claim 
of substantial equivalence to the identified predicate 
devices. This application is appropriate and complete and 
this device ia found to be suhetantially equivalent to 
currently aarketed devices is aaterial, design and 
application. 

10. Contact History/Requests for more Information: 

001~) 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



DEPARTMENT OF HEALTH ._HUMAN SERVICES 

--------·-··--

Mr. Jonathan s. Kahan 
Hogan & Hartllon 

"Representing Bioscience, Inc. 
ColUIIbia Square 
555 Thirt .. nt:h Str .. t, Northwest 
Washington, DC 20004-1109 

Re: K952471 
BIOFixe Bio&baorbabla Self-Reinforced 

Poly-L-1actida Threaded Fixation Rod 
Raqulatory Class: II 
Product Coda: MAl 
Dated: May 26, 1995 
Received: Nay 26, 1995 

Dear Mr. Kahan: 

Public Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

we have reviewed your Section 510(k) notification of intent to 
market the davica rafarancad above and we have determined the 
device is subatantially equivalent to devices marketed in 

----' interstate co-rca prior to May 28, 1976, the enactment date 
of the Medical Device Aaendaants, or to devices that have been 
reclassified in accordance with the provisions of the Federal 
Food, Drug, and Cos .. tic Act (Act). You may, therefore, 
market the device, subject to the general controls provisions 
of the Act. The general controls provisions of the Act 
include requir ... nts for annual registration, listing of 
devices, good manufacturing practices, labeling, and 
prohibitions against misbranding and adulteration. 

If your device is classified (see above) into either class II 
(Special Controls) or class III (Premarket Approval) it may be 
subject to such additional controls. Existing major 
regulations affecting your device can be fouqd in the Code of 
Federal Regulations (CFR), Title 21, Parts aoo to 895. A 
substantially equivalent determination assumes compliance with 
the Good Manufacturing Practices (GNP) for Medical Devices: 
General GMP regulation (21 CFR Part 820) and that, through 
periodic GMP inspections, the Food and Drug Administration 
(FDA) will verify such assumptions. Failure to comply with 
the GMP regulation •ay result in regulatory action. In 
addition, FDA may publish further announcements concerning 
your device in the Fe4eral Register. Please note: this 
response to your premarket notification submission does not 
affect any obligation you might have under sections 531 
through 542 of the Act for devices under the Electronic 000. -
Product Radiation control provisions, or other Federal laws ·or .. 

1
1 

regulations. '? 
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Paqe 2 - Mr. Jonathan s. Kahan 

This latter i--.diately will allow you to begin .. rketinq your 
device as d .. cr~ in your 510(k) p~rkat notification. An 
FDA finding of aubatantial equivalence of your device to a 
legally marketed predicate device results in a classification 
for your device and peralta your device to proceed to the 
market, but it does not ... n that FDA apprqyes your device. 
Therefore, you .. y not pra.ote or in any way represent your 
device or its labeling as beillCJ ..,... .. by PDA. If you 
desire specific advice regarding labeling for your device in 
accordance with 21 CPR Part 801, pro110tion, or advert~sinq 
please contact the Office of eo.pliance, Pra.otion and 
Advertising Policy Staff (HPZ-302) at (301) 594-4639. Other 
general infor.ation on your respanaibilities under the Act may 
be obtained fro. the Division of a.a11 Ranufacturers 
Assistance at their toll free nUBber (800) 638-2041 or at 
(301) 443-6597. 

Sincerely yours, 

~(!~~ 
Kiaber c. Richter, M.D. 
Actinv Director 
Division of General and 

Restorative Devices 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

0002 

1(b 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

March 18, 1997 

BIOMET, INC. 
AIRPORT INDUSTRIAL PARK 
P.O. BOX 587 
WARSAW, IN 46581 
ATTN: MARY L. VERSTYNEN 

Food and Drug Administration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Hail Center (BFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K964970 
Product: BIOMET BONE 

SCREW' 

The additional information you have submitted has been received. 

W'e will notify you when the processing of this submission has been 
completed or if any additional information is required. Please 
remember that all correspondence concerning your submission MUST 
be sent to the Document Mail Center (HFZ-401) at the above 
letterhead address. Correspondence sent to any address other than 
the one above will not be considered as part of your official 
premarket notification submission. Because of equipment and 
personnel limitations we cannot accept telefaxed material as part 
of your official premarket notification submission, unless 
specificaily requested of you by an FDA official. 

The Safe Medical Devices Act of 1990, signed on November 28, states 
that you may not place this device into commercial distribution 
until you receive a letter from FDA allowing you to do so. As in 
the past, we intend to complete our review as quickly as possible. 
Generally we do so 90 days. However, the complexity of a submission 
or a requirement for additional information may occasionally cause 
the review to extend beyond 90 days. Thus, if you have not received 
a written decision or been contacted within 90 days of our receipt 
date you may want to check with FDA to determine the status of your 
submission. 

If you have procedural or policy questions, please contact the 
Division of Small Manufacturers Assistance at (301) 443-6597 or at 
their toll-free number (800) 638-2041, or contact me at (301) 594-1190. 

Sincerely yours, 

Marjorie Shulman 
Supervisory Consumer Safety Officer 
Premarket Notification Section 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

'1'1 1'1, 
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I 
Corporate 
Headquar1ers 

Mai ing Address: 
P 0. Box 587 
Warsaw. IN 46581-0587 

March 17, 1997 

Shrpping Address: 
Airport Industrial Park 
Warsaw. IN 46580 

(219) 267-6639 Office 
(219) 267-8137 FAX 

Document Mail Center (HFZ-40 1) 
_,:) 

Center for Devices and Radiological Health 
Food and Drug Administration 
9200 Corporate Boulevard 
Rockville, MD 20850 

Attention: Ken McDermott 

RE: Biomet Bone Screw 
K964970 

Dear Mr. McDermott: 

Enclosed are the following information in duplicate for K964970, the 
Biomet Bone Screw 51 O(k). 

1. Copies of information faxed to you on March 5, 1997. 
2. The Biomet Bone Screw has similar design features as the Biofix SR

PGA screws. The cannulation is the only difference and testing has 
demonstrated minimal effect on strength. 

3. Changes in the intended use form, package insert and 51 O(k) summary of 
safety and effectiveness per your fax to me on March 4, 1997. 

Sincerely, 

Mary L. Verstynen 
Clinical Research Manager 

MLV/clb 

SJc--7 

't~~<f\ 
~ 

., .. ~ .. -;, 
'-;.. t, -~ 
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TO: Ken McDermott 

DATE: March 5, 1997 

FROM: Mary Verstynen 

SUBJECT: Biomet Bone Screw 
K964970 

COMPARABLE PREDICATE DEVICES 

Corporate 
Headquarters 

Mailing Address: 
P 0 Box 587 
Warsaw, IN 46581-0587 

Shipping Address: 
Airport Industrial Park 
Warsaw, IN 46580 

(219) 267-6639 Office 
(219) 267-8137 FAX 

Biofix SR-PGA Screw: K920188 Biofix SR-PLLA Screw: K9524 71 

Please note that in the above 51 O(k)s the screws were called threaded rods. 
These rods/screws are partially and fully threaded. 

The B iofix screws are not cannulated. As demonstrated in the following 
Table 3 from the test report "Biomechanical Comparison of 5 .Omm Diameter 
LactoSorb® Screws with 4.5mm Diameter Biofix PGA Screws" the presence 
of even a l.OOmm diameter cannulation has minimal effect on screw strength. 

Table 3. Summary ofLactoSorb• Double Shear Testing. 

Double Shear 
Cannulation Peak Load (lb) Theoretical Single Shear 

Diameter (mm) Aye+/- S.D. Peak Load1 

0 325.6±4.1 162.8 

0.84 313.8±4.7 156.9 

1.00 309.9±4.1 155.0 

Note: • Single shear peak load is one-half that of double shear peak load. 

1~1 IIIII 
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Ken McDermott 
March 5, 1997 
Page 2 

INTENDED USE 

If indeed the Biofix Screws only include ankle and metatarsal indications, the 
Biomet Bone Screw package insert etc. will be changed to these indications. 
According to all the information I have on Biofix rods/screws, the indications 
are much broader. See the following list of rod indications. 

Please inform me if changes in the intended use form, package insert, and 
summary of safety and effectiveness need to be made. 

MLV/clb 

IIIII' I 
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P atient selection is very important when 

using bioabsorbable polymers for fracture 

fixation. Biofix•SR-PGA•rods are indi

cated for non-weight bearing cancellous bone frac

tures, arthrodeses and osteotomies, in the presence 

of adequate immobilization. 

In open procedures, Biofix replaces Kirschner• wire 

and Steinmann pin fixation. In many instances, 

metal screw fixation can be replaced with Biofix 

rods. Biofix rods can be incorporated into tension

band wiring, and more complex fixation, if appro

priate precautions are taken. 

~ 
Specific uses include: 

Epiphyseal fractures ( l.Smm rods only) 

Hand and foot fractures 

Ankle and elbow fractures 

Periarticular and intraarticular fractures 

Osteochondritis dissecans 

Metacarpal and metatarsal fusions 

Phalangeal fusions 

Hallux valgus corrections 

O>racoid process transfers 

Biofix has been used in many procedures other than 

those listed. Research and clinical study are con

tinuously evaluating procedures where Biofix rods 

can be utilized. 

4 

()1,-f-.ine.J. #~m c§"urJ/~ 

T u,~,,; 1 ()ce._ 

Contraindications 
Biofix is contraindicated for use in large cortical shaft 

fractures and osteotomies. Partial or total weight 

bearing cannot be recommended prior to clinical 

union. Patients over 70 years of age, those who have 

medium to severe osteoporosis, and those who have 

rheumatoid arthritis should be excluded from Bio

fix fixation. Biofix should not be used when infec

tion is present at the fracture site. Biofix can aug

ment fixation in complex fractures, but it should not 

be the primary fixation device. Use of rods larger 

than l.Smm in physeal fractures is not recommended. 

(See Package Insert for further information.) 

• 

e 1 
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sharp beCause a blunt saw may cause the delamination of the rod. A surgical 
laMf' beam can also be applied to cut the rod. Other equipment (such like 
surgk:al knives. scissors. saws etc.) are not allowed to cut the Biofh< rods 

which have very strong, hard and tough outer surtace. 

INDICATIONS 

BIOFIX RODS ARE INDICATED FOR INTERNAL FIXATION OF CAN

CELLOUS BONE FRACTURES AND OSTEOTOMIES. 

The primary objective of Biofix rods is to give a patient an initially strong and 
gradually decreasing internaltixation of cancellous bone fracture or osteotomy 
against shear loads originating from muscular activity or from external 
sources. This is, as a rule, achieved with 1-3 Biofix rods which are driven by 
an applicator (see Figure 1) in predrilled channels through the fracture (or 
osteotomy) to fix it in lateral plane and prevent it trom reopening. 

Biofix rods correspond to standard bone drill sizes (1.5 mm, 2.0 mm. 3.2 mm 
and 4.5 mm). The actual diameters of Biolix rods exceed somewhat (maximally 
+0.3 mm) those of standard bone drill sizes. This produces locking frictional 
forces when the rod is tapped into the drilled channel. If a blunt drill is used or 
the cancellous bone is porous or small fragments are fixed and therefore a 
strong fixation is not achieved. one or two additional biodegradable fixing 
sutures (Dexon "S" suture. size 1 or 2) which is (are) knotted over the fracture. 
can be used to secure the fixation {according to U.S. Patent 4 655 203). 

CONTRAINOICATIONS 

Biofix is not indicated for internal fixation of fractures or osteotomies in load 

bearing bones. 

Biofix is not suitable for fixation of fractures or osteotomies of cortical bone. 
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Biomet, Inc. 
Airport Industrial Park 
P.O. Box 587 
Warsaw, Indiana 46580 
USA 

~ A11D PRBCAUI'J:OIIS POR USB OP 
ftiB B%0111:'1' B01IB SCU:W 

A'h:'iii.ft.ION OPDATl:.:J SUllGBON 

DBSOU:PTl:OR: 

·The Biomet Bone Screw is a resorbable device used for the 
fixation of cancellous bone fractures, osteotomies, 
arthrodeses or bone grafts. The device is made of a 
resorbable copolymer, a polyester derivative of lactic acid 
and glycolic acid. Polylactic/polyglycolic acid copolymer 
degrades and resorbs IN VIVO by hydrolysis to lactic and 
glycolic acids which are then metabolized by the body. The 
screws are completely resorbed by 15 months IN VIVO. 

W.ARH:INGS: 

While these devices are generally successful in the alignment 
and fixation of bone they do not replace normal healthy body 
structures. The use of appropriate immobilization and 
postoperative management is indicated as a part of treatment 
until healing has occurred. 

The surgeon is to be familiar with the implant, instruments, 
and surgical procedure. In using the device, a judgment must 
be made as to the holding power of the bone, as a significant 
degree of osteoporosis will weaken the hold in the bone. In 
all cases sound orthopedic practice is to be followed and the 
surgeon must select . the type of device appropriate for 
treatment. 

The patient is to be warned that the device can break or 
loosen as a result of stress, excessive activity or load 
bearing. The patient is to be made aware of surgical risks 
and possible adverse effects prior to surgery, and warned that 
failure to follow postoperative care instructions can cause 
failure of the implant and the treatment. 

:IND:ICATl:ORS : 

The Biomet Bone Screw is indicated for ankle fractures, 
metatarsal fusions and metatarsal osteotomies (Hallux Valgus) . 
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CORTRAZRDZCATZORS: 

1. 
2. 
3 . 

4. 

1. 

2 . 

3 . 

4. 

5. 
6. 

7. 

Active infection. 
Fractures and osteotomies of cortical bone. 
Patients with mental or neurologic conditions who are 
unwilling or incapable of following postoperative care 
instructions. 
Patient conditions including: blood supply limitations, 
insufficient quantity or quality of bone, or latent 
infections. 

Patients that engage in stressful physical activities are 
to be warned that injury at or near the implant site can 
lead to subsequent failure of the device and/or the 
treatment. 
The device can break or be damaged due to excessive 
activity, and stress caused by full or partial load 
bearing can cause failure of the device. 
The Biomet Bone Screw is intended to aid in alignment and 
bone fixation during the healing process and is not 
intended to replace normal body structures. 
Care is to be taken to assure adequate fixation of the 
bone tissue at the time of surgery. The failure to 
achieve adequate fixation through improper positioning or 
placement of the device can contribute to a subsequent 
undesirable result. 
DO NOT USE if there is loss of sterility of the device. 
Discard and DO NOT USE opened or damaged devices, and use 
only devices that are packaged in unopened, or undamaged 
containers. 
CUT'l'ZNG OF SCREWS: The screw can be cut with an 
oscillating or reciprocating saw. NO OTHER CUTTING 
METHOD MAY BE USED. After implantation, screws can be 
cut ONLY at the distal protrusion. 

POSSZBLE ADVBRSB BPPBCTS: 

1. Infection can lead to failure of the procedure. 
2. Neurovascular injuries can occur due to surgical trauma. 
3. Bending, fracture, loosening, rubbing, and migration of 

the implant may occur as a result of excessive activity, 
trauma, or load bearing. 

4. Delayed or non-union can occur 

STBRZLJ:TY: 

Biomet Bone Screws are sterilized by exposure to Ethylene 
Oxide (ETO) Gas. DO NOT RESTERILIZE. 
DO NOT STORE ABOVE 120°F OR 49°C 

CAUTZON: Federal Law (USA) restricts this device to sale, 
distribution, or use by or on the order of a physician. 

~( 
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3. Bending, fracture, loosening, rubbing, and migration of 
the implant may occur as a result of excessive activity, 
trauma, or load bearing. 

4. Delayed or non-union can occur 

STBR:IL:I'l'Y: 

Biomet Bone Screws are sterilized by exposure to Ethylene 
Oxide ( ETO) Gas. DO NOT RESTERILIZE. 
DO NOT STORE ABOVE 120°F OR 49°C 

CAOT:IOH: Federal Law (USA) restricts this device to sale, 
distribution, or use by or on the order of a physician. 

. .-.-. 
. ;;::·mm 
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The Biomet Bone Screw is indicated for ankle fractures, 
metatarsal fusions and metatarsal osteotomies (Hallux Valgus). 

The screws are made of a resorbable copolymer comprised of 
polylactic acid (PLA) and polyglycolic acid (PGA). In 
histological animal studies, the bone screw was completely 
resorbed by 15 months IN VIVO. 

The Biomet Bone Screw is made of bioresorbable and 
biocompatible polymers that have been used in surgical 
procedures for years. LactoSorb® resorbable copolymer is a 
synthetic polyester derived from lactic and glycolic acids. 
Polylactic/polyglycolic acid copolymer degrades and resorbs IN 
VIVO by hydrolysis to lactic and glycolic acids which are then 
metabolized by the body. The safety of PLA/PGA material has 
been well documented since the early 1970's when the FDA first 
approved the use of resorbable PLA/PGA sutures. The exact 
same LactoSorb® material has been implanted in humans for over 
10 years in a ligating clip. The LactoSorb® material has been 
found to be biocompatible in both soft tissue and bone tissue. 

The effectiveness of the Biomet Bone Screw was determined by 
mechanical testing. The LactoSorb® screws were found to 
provide the same healing as a stainless steel screw in an 
animal model. There was no adverse tissue response to either 
the metal or LactoSorb® screws. 

In summary the Biomet Bone Screw is safe and effective for 
fixation of cancellous bone. Mechanical testing demonstrated 
the Biomet Bone Screw to be as effective as the comparative 
metal and PGA resorbable cancellous screw. 
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Pagc __ of_ 

51 O(k) Number (if known): K964970 

Device Name: Biomet Bone Screw 

Indications ~or Use: 

··The Biomet Bone Screw is-indicated ~9r ankle-fractures, 

metatarsal fusions and metatarsal osteotomies (Hallux Valgus). 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 

Concurrence of CORH, Office of Device Evaluation (ODE) 

Pti!~cripticn l;se __ 
(Per 21 Cf-=R 801. i091 

OH O"·er- fn~-Counter Use 

(Optional Format 1-2-96) 

1'''11 
i l!ili 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

Karch 07, 1997 

BIOMET, INC. 
AIRPORT INDUSTRIAL PARK 
P.O. BOX 587 
WARSAW, IN 46581 
ATTN: MARY L. VERSTYNEN 

Fcxxi and Drug Aanini.stration 
Center for Devices and 
Radiological Health 
Office of Device Evaluation 
Document Mail Center (HFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K964970 
Product: BIOMET BONE 

SCREW 

We are holding your above-referenced Premarket Notification (510(k)) 
for 30 days pending receipt of the additional information that was 
requested by the Office of Device Evaluation. Please remember that 
all correspondence concerning your submission MUST cite your 510(k) 
number and be sent in duplicate to the Document Mail Center (HFZ-401) 
at the above letterhead address. Correspondence sent to any address 
other than the one above will not be considered as part of your 
official premarket notification submission. Because of equipment 
and personnel limitations, we cannot accept telefax material as part 
of your official premarket notification submission unless specifically 
requested of you by an FDA official. 

If after 30 days the requested information, or a request for an extension 
of time, is not received, we will discontinue review of your submission 
and proceed to delete your file from our review system. Pursuant to 
21 CFR 20.29, a copy of your 510(k) submission will remain in the Office 
of Device Evaluation. If you then wish to resubmit this 510(k) 
notification, a new number will be assigned and your submission will be 
considered a new premarket notification submission. 

Please remember that the Safe Medical Devices Act of 1990 states that 
you may not place this device into commercial distribution until you 
receive a decision letter from FDA allowing you to do so. 

If you have procedural or policy questions, please contact the 
Division of Small Manufacturers Assistance at (301) 443-6597 or at 
their toll-free number (800) 638-2041, or contact me at (301) 594-1190. 

Sincerely yours, 

Marjorie Shulman 
Supervisor Consumer Safety Officer 
Premarket Notification Section 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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DEPARTMENT OF HEALTH & HUMAN SERVICES _ -- Public Health Service 
Food And Drug Adrninis~tion 

9 •wA•• ·' :' ·' "'\l: ., ·-( :., 

------------------------------------~------~---------------
Memorandum 

Reviewer(s)- Name(s)_--~-·,M~, c__:_...{k~e~Q--::II<"'"~~A~vf0_~~-,.-=---./\---
subject: stock> ~umber _6_ Zt..d:L.. 7/ u 
From: 

To: The Record - It is my recommendation that the subject 51 O(k) Notification: 

D Refused to accept. _ 

~equires additional information (other than refuse to accept). 

D Accepted for review ___________ _ 

D Is substantially equivalent to marketed devices. 

D NOT substantially equivalent to marketed devices. 

D Other (e.g., exempt by regulation, not a device, duplicate, etc.) 

Is this device subject to Postmarket Surveillance? 

Is this device subject to the Tracking Regulation? 

Was clinical data necessary to support the review of this 51 O(k)? 

Is this a prescription device? 

Was this 51 O(k) reviewed by a Third Party? 

This 51 O(k) contains: 

Truthful and Accurate Statement DRequested 0 Enclosed 

(required for originals received 3-14-95 and after) 

DA 510(k) summary OR DA 510(k) statement 

D The required certification and summary for class lll devices 

DYES 

DYES 

DYES 

DYES 

DYES 

D The indication for use form (required for originals received 1-1-96 and after) 

The submitter requests under 21 CFR 807.95 (doesn't apply for SF...c;): 

DNO 

DNO 

DNO 

DNO 

DNO 

0 No Codidentiaiii.y o Confidcntialiiy for 90 days LJ Continued Confidentiality exceeding 90 days 

Predicate Product Code with panel and class: Additional Product Code(s) with panel (optiorud): 

Review: ~ ~ VJY\&uAMT=: 
(Branch Chief) (B 

Final Review: C)JlA /Y1 
Jrtt\ (Division Director) 

Revised: I lf2'0-96 

I 

! 
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REVISED:J/14/95 

THE SlO(K) DOCUMBNTATION FORKS ARE AVAILABLE ON THE LAN UNDER SlO(K) 
BOILERPLATES TITLED "DOCUMENTATION" AND MUST BE FILLED OUT WITH 

EVERY FINAL DECISION (SE, NSE, NOT A DEVICE, ETC.). 

"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING OOCUMENTATION 

K '1.b~q"lo 

Revie"'·er: __:_}<_e--.!V\~___:_M__::_. (=-LIL-~_::::-et'~~J:::.:\:>:!-t±~------
Division/Branch: _ __!_D_G-=--.:._K..::.!D=---!-/~O~fi.~/J=-J~8~-------
Device Name: ________ ~~>~~------)~L~JJ-~---------------------------------------------
Product To Which Compared (510(K) Number If Known)=-------------------------

YES NO 

1. Is Product A Device ~ If NO = Stop 

2. Is Device Subject To SlO(k)? x· If NO = Stop 

~ ----
3. Same Indication Statement? If YES = Go To 5 

4. Do Differences Alter The Effect Or If YES = Stop NE 
Raise New Issues of Safety Or 
Effectiveness? 

-· 

5. Same Technological Characteristics? \(" If YES = Go To 7 

6. Could The New Characteristics Affect If YES = Go To 8 
Safety Or Effectiveness? 

7. Descriptive Characteristics Precise )\ If NO = Go To 10 
Enough? If YES = Stop SE 

8. New Types Of Safety Or Effectiveness If YES = Stop NE 
Questions? 

9. Accepted Scientific Methods Exist? If NO = Stop NE 

lC. P~r f~Jnr:.:-.~"!CC J<:t.~ ;>.vz.:lablc? 

I jXI 
~r: HO " ""''"""t~i I Data 

11. Data Demonstrate Equivalence? I Final Decision: 

Note: 

-===--==-=~~- L 
In addition to completing the form on the LAN, "yes" responses to 
questions 4, 6, 8, and 11, and every "no" response requires an 
explanation. 

J 
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bsc abs copol pia pga flexi 

Public Health Service 
DEPARTMENT OF BEALm & HUMAN SERVICES Food and Drug Administration 

Memorandum 

D R A F T 
5 1 0 (k) R E V I E W 

DATE March 4, 1997 
FROM KEN MCDERMOTT 
TO File 

DOCUMENT # K964970 
SPONSOR Biornet 
DEVICE NAME Bone Screw 

CLASS HWC MAI 
DISEASE/USE see last page 

REASON FOR APPLICATION New device 

DECISION AI The following information is needed: 

COMPARABLE PREDICATE DEVICE 
The firm provided specific indications that we requested, but there are no predicate 
absorbable screw devices with these indications. Please provide an absorbable screw 
with similar design features and intended uses as your device. 

INTENDED USE 
The predicate absorbable pin and rod devices only include ankle and metatarsal 
indications. Pie- provide specific implantation sites and indications for use for your 
device that match an appropriate predicate device, preferably an absorbable screw. For 
any changes you make, note that the following should be consistent and resubmitted: 

intended use form, 
package insert, 
51 O(k) summary of safety and effectiveness 

TESTING 
The animal testing that was provided together with a legally marketed predicate with the 
same intended use may be adequate for SE without clinical data. Clinical data may be 
necessary for those intended uses for which there are no predicate devices. 
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MATERIALS 
STANDARD # 

INTERFACES 

DESIGN 

MANUFACTURE 

STERILITY 
FILE 

pla/pga 82%/18% 
TRADE NAME LactoSorb 

ARTICULATIONS none 
TISSUE FIXATION bone 

MATING PARTS none 
COATINGS none 

5 mm diameter, 35-70 mm long untapered screws (12 
sizes), partially threaded, cannulated or solid (see 
Fig. 1-3). When the permanent head contacts the bone 
surface, the hex head shears off. 

US Surgical pellets Extruded into a rod and machined. 
Exactly same process as absorbable predicate devices. 

EtO 
mat\abs\ RECNO 976 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



. .........-. 
I ' .!~~ 

COMPARABLE PREDICATE DEVICES 

PREDICATE DEVICE I REVIEWED RECENTLY WITH SNAP-OFF FEATURE 

DOCUMENT # K962233 
SPONSOR Medinov 
DEVICE NAME Twist-off Screw 

CLASS HWC 2 888.3040 SCREW, FIXATION, BONE 
DISEASE/USE Fixing and stabilizing osteotomies of the metatarsals and phalanges of the foot. 

REASON FOR APPLICATION New device. 
DECISION SE 

MATERIALS 
INTERFACES 

DESIGN 

PROCESSING 
FILE 

Ti-6Al-4V 
ARTICULATIONS none 

TISSUE FIXATION bone 

STANDARD # ASTM F 136. 
MATING PARTS none 
COATINGS none 

Self drilling, self tapping, partially threaded screw attached to a "screw-holder" 
which fits into a screwdriver. The connection between the screw and screw-holder 
breaks when the screw head contacts the bone cortex. 4 lengths. 2 rnrn OD. 

Machined and oxidized in air. STERILITY nonsterile 
ba\bsc\ RECNO 998 

OTHER PREDICATE DEVICES (see Fig. 4, 6) 

As required by 21 CFR 807.87 (f), the device under review in 
this SlOk is compared for substantial equivalence to legally marketed 
predicate devices which were found to be substantially equivalent in a 

-~ SlOk, i.e., K920188 PGA and K925098 PLLA Biofix pins and rods (Fig. 4) 
and K955729 LactoSorb Trauma Plating System (smaller screws, same 
material, used with plates in cranial maxillofacial indications) as 
well as other metal screws (Fig. 6). 

The device under review has the same absorbable material as in 
other absorbable non-screw devices and the same geometry, size, partial 
threading, head snap-off during implantation and cannulation as are 
present in predicate metal screws. However, there are no predicate 
absorbable screws with the head snap-off feature and cannulation and no 
absorbable predicate devices for most of the listed indications (other 
than ankle and metatarsal) . 
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TECHNOLOGICAL CHARACTERISTICS: 

1 

2 

The animal testing included the following: 

Friedman, R.J.; et al. implanted metal and absorbable bone screws 
(Tab. 1) in weight bearing dog femoral osteotomy models (Tab. 2, 
Fig. 7). After 2 months, the torsional strength (Tab. 3) of the 
whole bone implanted with the SS scews tended to be slightly 
higher compared to absorbable screws, but the differences were not 
significant. The hardness of the bone around the SS screws were 
not significantly higher than around the absorbable screws (Tab. 
4) . 

Histology at 2, 9 and 15-17 months showed good healing without 
inflammation or osteolysis as occurs in PLA implants. This is 
because the copolymer resorbs more uniformly so crystallites are 
not present to cause inflammation. Bony union was 90% and 80% for 
bones fixed by absorbable and SS screws respectively as determined 
from fragment displacement measurements. There was complete 
resorption in 9-15 months. Fragment displacement fixed by both 
types of screw was low (0.5 mm) compared to other studies (1-2 
mm). 

This study demonstrated that the screws provided adequate healing 
in this animal model without inflammation. 

Bianchini, S.; Pietrzak, W.S. aged 5 mm LactoSorb screws and 4.5 
mm Biofix PGA screws in 37 C phosphate buffer for up to 2 months. 
The LactoSorb screws had greater shear and pullout loads (Fig. 5, 
Tab. 6). Non-soaked LactoSorb screws also had greater torque 
strengths (Tab. 5). The strength vs time aging study indicated 
that these screws had adquate strength during the 6 week healing 
time. 

There is no clinical data on this device. A 510(k) indications for use 
statement, truthful and accuracy statement and summary of safety and 
effectiveness were submitted as required in the Safe Medical Devices 
Act. 

LABELING 

Proposed labels, labeling and advertisements were provided which 
sufficiently describe the device, its intended use and the directions 
for use (21 CFR 807.87) 

---r·· 
' 
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REVIEWED BY: 
Ken McDermott 

ATTACHMENTS : 

design drawings 
predicate device 
Tables and Figures 
intended use statement 

CONTACT HISTORY: 

The following is a chronological listing of all requests for 
information made by Ken McDermott to the firm regarding this 510k, 
followed by a summary of the firm's response in their next 
correspondence (the firm's response is indented below each request): 

As per 21 CFR 807.87 (h), I advised Ms. Verstynen Ms. Verstynen2-24-97, 
lOrun that there is insufficient information to make a determination 
concerning substantial equivalence. I then requested the following 
information: 

COMPARABLE PREDICATE DEVICE 

COMPARABLE PREDICATE DEVICE 
Please determine if there is a absorbable screw with similar threading, cannulation and 
temporary head twist off. 

There is no such predicate device. 

INTENDED USE 

Please provide specific implantation sites and indications for use. For 
any changes you make, note that the following should be consistent and resubmitted: 

intended use form, 
package insert, 
51 O(k) summary of safety and effectiveness 

The indications are specific, but there are no predicate 
absorbable screw devices. The absorbable pin and rod devices only 
include ankle and metatarsal (Fig. 4). 

TESTING 
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...... _.... 
In the report by Friedman, R.J.; et al., please provide the following: 

which screws were cannulated; 

FDA received an adequate response to this request. 

the differences between test samples and marketed devices (include 
photos/drawings if possible showing the differences in design, 
dimensions and intended use between the absorbable and SS 
samples); 

FDA received an adequate response to this request. 

legible figures; 

FDA received an adequate response to this request. 

a discussion of the relationship between indentation load and bone 
strength, viz., how well indentation load correlates to bone 
strength. 

This infor.mation was requested but there was no response to 
this request by the firm. 

In the report by Bianchini, S.; Pietrzak, W.S., please provide the 
following: 

which screws were cannulated in the shear and pullout tests; 

FDA received an adequate response to this request. 

As per 21 CFR 807.87 (h) , I advised Ms. Verstynen Ms. Verstynen 3-4-97,4 
pmthat there is insufficient information to make a determination 
concerning substantial equivalence. I then requested the following 
information: 

COMPARABLE PRBDICATB DEVICE 
Please provide an absorbable screw with similar design features and 
intended uses as your device. 

INTENDED USE 
The indications provided are specific, but there are no predicate 
absorbable screw devices with these indications. The absorbable pin 
and rod devices only include ankle and metatarsal indications. Please 
provide specific implantation sites and indications for use for your 
device that match an appropriate predicate device. For any changes you 
make, note that the following should be consistent and resubmitted: 
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intended use form, 
package insert, 
SlO(k) summary of safety and effectiveness 

TESTING 
Clinical data may be necessary for those intended uses for which there 
are no predicate devices. 
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If cannulated, the screws contain a central through-hole of 

1 .25 mm (0.059 inch) diameter, to permit the bone fragments to 
be reduced with a 1.1 mm diameter K-wire, with the screw 
introduced over the K-wire. The instrumentation set is 
composed of a screwdriver, a tap, and a drill bit. Any 
standard stainless steel K-wire, up to a diameter of 1.1 mm, 
may be used with the cannulated screw. 

lkx Head------------4+ 

P~nnanent Heau..----------+1 

Flat Surfac 

Smooth Shaft -----------tl 
Minor -------+1 

Diameter 

Distal Threaded Region-------1....._ 

Major Diameter 

Overall Length 

Figure 1 • Schematic drawing of the Biomet bone screw . 
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DEPARTMENT 01' IDALTII II. HUMAN SERVICES 

JUL I 9 1994 

Mr. Jonathan s. Kahan 
.Bioscience Liaited 
Representing Hogan and Hartson 
Coluabia Square 
555 Thirteenth Street Northwest 
Washington, DC 20004-1109 

Re: K925098 
BXOPIX Bioabaorbable Self-~rced 

Poly-L-lactide Fixation ~ 
Regulatory Class: II 
Product Code: HTY 
Dated: June 1, 1994 
Received: June 1, 1994 

Dear Mr. Kahan: 

Public Health Service 

Food and Drug Administnltion 
1390 Piccard Drive 
Rockville MD 20850 

we have reviewed your Section 510(k) notification of intent to 
aarket the device referenced above and we have determined the 
device is a~tantially equivalent to devices aarketed in 
interstate c~ce prior to May 28, 1976, the enactaent date 
of the Medical Device Amendments or to devices that have been 
reclassified in accordance with the provisions of the Federal 
Food, Drug, and Cosaetic Act (Act). You aay, therefore, 
aarket your device subject to the general controls provisions 
of the Act and the following limitation: all labeling for 
this device syat .. , including the package label and labeling 
included within the package, must proainently state that the 
Biofix ~r~le SBPtJa Pin is intended only for.cbevron~ 
~otomies of the first metatarsal bone for hallux valgus • ....--
The general controls provisions of the Act include 
requir..ants for annual registration, listing of devices, good 
manufacturing practice, labeling, and prohibitions against 
misbranding and adulteration. 

If your device is classified (see above) into either class II 
(Special Controls) or class III (Preaarket Approval) it may be 
subject to such additional controls. Existing major 
regulations affecting your device can be found in the Code of 
Federal Regulations, Title 21, Parts 800 to 895. A 
substantially equivalent deteraination assuaes coapliance with 
the Good Manufacturing Practice for Medical Devices: General 
(GNP) regulation (21 CPR Part 820) and that, through periodic 
GMP inspections, the Food and Drug Administration (FDA) will 
verify such assuaptions. In addition, FDA may publish further 
announceaents concerning your device in the ~eral Registe~. ~ 
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DEPARTMENT OF HEALTII & HUMAN SERVICES 

MAY I 2 m3 

Mr. Sam Son 
· Director of corporate 

Regulatory Affairs 
Kirschner Medical Corporation 
9690 Deereco Road 
Timonium, Maryland 21093 

Re: K920188 
BIOFIX•~ T Bioabsorbable 

Fixatio 
Regulatory ass: II 
Dated: February 22, 1993 
Received: February 23, 1993 

Dear Mr. Son: 

PubliC Health Service 

Food and Drug AdministratiOn 
1390 Piccard Drive 
Rockville, MD 20850 

we have reviewed your section 510(k) notification of intent to 
market the device referenced above and we have determined the 
device is substantially equivalent to legally marketed 
devices. This decision is based on your device being found 
equivalent golx to siailar devices labeled and intended for 
the t o nt of cancellous tract he 

_ of tbe le n e ppropriate 
~obilizatio~ Tbe decision was your emons -ation 

of the clinical~and functional ceo ou d i to 
metallic bone ac pr ca evices. You •ay, therefore, 
market the device, subject to the general controls provisions 
of the Federal Food, Drug, and cosaetic Act (Act). The 
general controls provisions of the Act include requirements 
for registration, listing of devices, good manufacturing 
practice, and labeling, and prohibitions against misbranding 
and adulteration. 

If your device is classified (see above) into either class II 
(Special controls) or class III (Premarket Approval) it may be 
subject to such additional controls. Existing major 
regulations affecting your device can be found in the Code of 
Federal Regulations, Title 21, Parts BOO to 895. In addition, 
the Food and Drug Adainistration (FDA) may publish further 
announcements concerning your device in the F9deral Begister. 
Please note: this response to your premarket notification 
submission does not affect any obligation you might have under 
the Radiation Control for Health and Safety Act of 1968, or 
other Federal Laws or Regulations. 
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51 O(kJ Number (if known): _______ _ 

Device Name: Biomet Bone Screw 

Indications ~or Use: 

·· The aiomet Bone Screw is· indicated -t~i fixation of cancellous 

bone fractures, osteotomies, arthrodeses or bone grafts. 

Specific indications include: 

1. Ankle fractures 
2. Condylar fractures of the femur, tibia, fibula and humerus 
3. Acromion/clavicular separation 
4. Fractures of the olecranon, patella and talus 
5. Fractures of the radial head and neck 
6. Osteochondritis dissecans of the knee 

(PLEASE DO NOT WRITE BELOW THIS liNE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

Pu~!;cri;.:rticn l;se 
(Per 21 CfR 801. i 0.91 Over- fhe-CcuMei Use 

(Optional Format 1-2-96) 
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SJUPB'l'Y .Aim BITBC'l'IVBHBSS 

The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses, or bone grafts. 

Specific indications include: 

1. ankle fractures 
2. condylar fractures of the femur, tibia, fibula, and 

humerus 
3. acromion/clavicular separation 
4. fractures of the olecranon, patella, and talus 
5. fractures of the radial read and neck 
6. osteochondritis dissecans of the knee 

The screws are made of a resorbable copolymer comprised of 
polylactic acid (PLA) and polyglycolic .acid (PGA). In 
histological animal studies, the bone screw was completely 
resorbed by 15 months IN VIVO. 

The Biomet Bone Screw is made of bioresorbable and 
biocompatible polymers that have been used in surgical 
procedures for years. LactoSorb® resorbable copolymer is a 
synthetic polyester derived from lactic and glycolic acids. 
Polylactic/polyglycolic acid copolymer degrades and resorbs IN 
VIVO by hydrolysis to lactic and glycolic acids which are then 
metabolized by the body. The safety of PLA/PGA material has 
been well documented since the early 1970's when the FDA first 
approved the use of resorbable PLA/PGA sutures. The exact 
same LactoSorb® material has been implanted in humans for over 
10 years in a ligating clip. The LactoSorb® material has been 
found to be biocompatible in both soft tissue and bone tissue. 

The effectiveness of the Biomet Bone Screw was determined by 
mechanical testing. The LactoSorb® screws were found to 
provide the same healing as a stainless steel screw in an 
animal model. There was no adverse tissue response to either 
the metal or LactoSorb® screws. 

In summary the Biomet Bone Screw is safe and effective for 
fixation of cancellous bone. Mechanical testing demonstrated 
the Biomet Bone Screw to be as effective as the comparative 
metal and PGA resorbable cancellous screw. 
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DATE 
FROM 
TO 

March 4, 1997 
KEN MCDERMOTT 
Ms. Verstynen 

LIST OF INFORMATION (DEFICIENCIES) NEEDED FOR K964970: 

If) 

(b)(4) 
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February 28, 1997 

Document Mail Center (HFZ-40 1) 
Center for Devices and Radiological Health 
Food and Drug Administration 
9200 Corporate Boulevard 
Rockville, MD 20850 

Attention: Ken McDermott 

RE: Biomet Bone Screw 
K964970 

Dear Mr. McDermott: 

Corporate 
Headquarters 

Mailing Address: 
P.O. Box 587 
Warsaw, IN 46581-0587 

Shipping Address: 
Airport Industrial Park 
Warsaw, IN 46580 

(219) 267-6639 Office 
(219) 267-8137 FAX 

Enclosed are the following information in duplicate requested for 
K964970, the Biomet Bone Screw 51 O(k). 

Sincerely, 

Mary L. Verstynen 
Clinical Research Manager 

MLV/clb 

(b) (4)
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51 O(k) Number (if known)~--------

Device Name: Biomet Bone Screw 

Indications f-or Use: 

·· The Biomet Bone Screw is· indicated -t~i fixation of cancellous 

bone fractures, osteotomies, arthrodeses or bone grafts. 

Specific indications include: 

1. Ankle fractures 
2. Condylar fractures of the femur, tibia, fibula and humerus 
3. Acromion/clavicular separation 
4. Fractures of the olecranon, patella and talus 
5. Fractures of the radial head and neck 
6. Osteochondritis dissecans of the knee 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 

Concurrence of CORH, Office of Device Evaluation (ODE) 

Pc<!~cr~pticn l;se 
(Per 21 CfR 801 . i 091 

OH Over- fhe-Ccuntc; Use 

(Optional Format 1-2-96) 

IIIII I 
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Biomet, Inc. 
Airport Industrial Park 
P.O. Box 587 
Warsaw, Indiana 46580 
USA 

WA1t11%m8 A11D PRBCAU'l'XOIIS POR USB OP 
T11B B:IOIIBT BOIIB SCRBW 

A'l""rBR'fiOII OPDATIRG SURGBOII 

DBSClliPTIOR: 

The Biomet Bone Screw is a resorbable device used for the 
fixation of cancellous bone fractures, osteotomies, 
arthrodeses or bone grafts. The device is made of a 
resorbable copolymer, a polyester derivative of lactic acid 
and glycolic acid. Polylactic/polyglycolic acid copolymer 
degrades and resorbs IN VIVO by hydrolysis to lactic and 
glycolic acids which are then metabolized by the body. The 
screws are completely resorbed by 15 months IN VIVO. 

WARNINGS: 

While these devices are generally successful in the alignment 
and fixation of bone they do not replace normal healthy body 
structures. The use of appropriate immobilization and 
postoperative management is indicated as a part of treatment 
until healing has occurred. 

The surgeon is to be familiar with the implant, instruments, 
and surgical procedure. In using the device, a judgment must 
be made as to the holding power of the bone, as a significant 
degree of osteoporosis will weaken the hold in the bone. In 
all cases sound orthopedic practice is to be followed and the 
surgeon must select the type of device appropriate for 
treatment. 

The patient is to be warned that the device can break or 
loosen as a result of stress, excessive activity or load 
bearing. The patient is to be made aware of surgical risks 
and possible adverse effects prior to surgery, and warned that 
failure to follow postoperative care instructions can cause 
failure of the implant and the treatment. 

INDICATIOIIS: 

The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses or bone grafts. 
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Specific indications include: 

1. 
2. 

3 . 
4. 
5. 
6 . 

ankle fractures 
condylar fractures of the femur, tibia, fibula, and 
humerus 
acromion/clavicular separation 
fractures of the olecranon, patella, and talus 
fractures of the radial head and neck 
osteochondritis dissecans of the knee 

CORTRAZRDICATIORS: 

1. Active infection. 
2. Fractures and osteotomies of cortical bone. 
3. Patients with mental or neurologic conditions who are 

unwilling or incapable of following postoperative care 
instructions. 

4. Patient conditions including: blood supply limitations, 
insufficient quantity or quality of bone, or latent 
infections. 

WARRIHGS ARD PRIICAU'l'IOIIS: 

1. 

2. 

3. 

4. 

5 . 
6. 

7. 

Patients that engage in stressful physical activities are 
to be warned that injury at or near the implant site can 
lead to subsequent failure of the device and/or the 
treatment. 
The device can break or be damaged due to excessive 
activity, and stress caused by full or partial load 
bearing can cause failure of the device. 
The Biomet Bone Screw is intended to aid in alignment and 
bone fixation during the healing process and is not 
intended to replace normal body structures. 
Care is to be taken to assure adequate fixation of the 
bone tissue at the time of surgery. The failure to 
achieve adequate fixation through improper positioning or 
placement of the device can contribute to a subsequent 
undesirable result. 
DO NOT USE if there is loss of sterility of the device. 
Discard and DO NOT USE opened or damaged devices, and use 
only devices that are packaged in unopened, or undamaged 
containers. 
CUTTING OF SCRBWS: The screw can be cut with an 
oscillating or reciprocating saw. NO OTHER CUTTING 
METHOD MAY BE USED. After implantation, screws can be 
cut ONLY at the distal protrusion. 

POSSIBLE ADVBRSB BI'PBCTS: 

1. Infection can lead to failure of the procedure. 
2. Neurovascular injuries can occur due to surgical trauma. 
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3. 

4. 

Bending, fracture, loosening, rubbing, and migration of 
the implant may occur as a result of excessive activity, 
trauma, or load bearing. 
Delayed or non-union can occur 

S'l'D:IL:ITY: 

Biomet Bone Screws are sterilized by exposure to Ethylene 
Oxide (ETO} Gas. DO NOT RESTERILIZE. 
DO NOT STORE ABOVE 120°F OR 49°C 

CAUT:IOR: Federal Law (USA) restricts this device to sale, 
distribution, or use by or on the order of a physician. 
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The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses, or bone grafts. 

Specific indications include: 

1. ankle fractures 
2. condylar fractures of the femur, tibia, fibula, and 

humerus 
3. acromion/clavicular separation 
4. fractures of the olecranon, patella, and talus 
5. fractures of the radial read and neck 
6. osteochondritis dissecans of the knee 

The screws are made of a resorbable copolymer comprised of 
polylactic acid (PLA) and polyglycolic .acid (PGA). In 
histological animal studies, the bone screw was completely 
resorbed by 15 months IN VIVO. 

The Biomet Bone Screw 1s made of bioresorbable and 
biocompatible polymers that have been used in surgical 
procedures for years. LactoSorb® resorbable copolymer is a 
synthetic polyester derived from lactic and glycolic acids. 
Polylactic/polyglycolic acid copolymer degrades and resorbs IN 
VIVO by hydrolysis to lactic and glycolic acids which are then 
metabolized by the body. The safety of PLA/PGA material has 
been well documented since the early 1970's when the FDA first 
approved the use of resorbable PLA/PGA sutures. The exact 
same LactoSorb® material has been implanted in humans for over 
10 years in a ligating clip. The LactoSorb® material has been 
found to be biocompatible in both soft tissue and bone tissue. 

The effectiveness of the Biomet Bone Screw was determined by 
mechanical testing. The LactoSorb® screws were found to 
provide the same healing as a stainless steel screw in an 
animal model. There was no adverse tissue response to either 
the metal or LactoSorb® screws. 

In summary the Biomet Bone Screw is safe and effective for 
fixation of cancellous bone. Mechanical testing demonstrated 
the Biomet Bone Screw to be as effective as the comparative 
metal and PGA resorbable cancellous screw. 
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LEGENDS 

Figure 1. Photograph of the screws used in this study.A) 5.0 mm LactoSorb™ cancellous 

screw. B) 5.0 mm stainless steel cancellous screw. C) 3.5 mm LactoSorb™ cortical 

screw. D) 3.5 mm stainless steel cortical screw. E) 4.0 mm LactoSorb™ cancellous 

screw. F) 4.0 mm stainless steel cancellous screw. 

Figure 2. Schematic diagrams showing placement of the diaphyseal and metaphyseal trephine 

osteotomies and lateral femoral condyle osteotomy. 

Figure 3. Locations for the indentation testing, including four points on the bone plug surface 

and seven points on the surrounding metaphyseal bone surface. 

Figure 4. The left lateral femoral condyle osteotomy was healed in two months. 

Figure 5. A) Two months after the surgery, polymer screw material was seen in the screw track 

in this cortical trephine osteotomy, with callus around the screw head. B) By 

seventeen months, the screw track was filled with bone tissue and no evidence of any 

polymer material remained. 

Figure 6. At two months in both the trephine metaphyseal and lateral condyle osteotomy, 

polymer screw material was clearly seen in the screw tracks (A and D). For the nine 

month time period, polymer screw material was still seen in the screw tracks but the 

amount was much less than that at two months (B and E). At fifteen or seventeen 

months, the screw tracks were still present but no evidence of any polymer material 

remained. The tracks had filled with fibrous and adipose connective tissue (C and F). 
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January 2, 1997 

Document Mail Center (HFZ-40 1) 
Center for Devices and Radiological Health 
Food and Drug Administration 
9200 Corporate Boulevard 
Rockville, MD 20850 

RE: 51 O(k): K964970 
Biomet Bone Screw 

Dear Sir or Madam: 

!L1 ~'-\ ~ ~o/;t' 
Corporate 
Headquarters 

Mailing Address: 
P.O. Box 587 
Warsaw, IN 46581-0587 

Shipping Address: 
Airport Industrial Park 
Warsaw, IN 46580 

(219) 267-6639 Office 
(219) 267-8137 FAX 
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CJ o:::> :o 
::;:;. 
0 

Enclosed is the "Truthful and Accurate Statement" sheet which 
was not included in the K964970 submission_ Please attach this sheet 
to the 510(k). 

Sincerely, 

Mary L. Verstynen 
Clinical Research Manager 

MLV/clb 

---
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--- PRKKARKZT NOTIPICATION 

TROTRPUL AND ACCURATE STATBMBNT 

(As Required by 21 CFR 807.87 (j)) 

I certify that in my capacity as Director of 
Resorbable Technology, Biomet, Inc., I believe to the 
best of my knowledge, that all data and information 
submitted in the premarket notification are truthful 
and accurate and that no material fact has been 
omitted. 

William 

Biomet, Inc. December 11, 1996 

Biomet Bone Screw 
[Premarket Notification Title] 
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REVISKO:Ol/22/9G 

l'REKAIUtKT HOTXPXO.'l"IOH (510 (IC)) acKCICLUT FOR ACCKI.ITI.HCE OKCXCXON 

Supcrvioory Signature--------------------------------~------------~-Datc __________ _ 

Did the fi<m request expedited review? ~s~No 
Did we grant expedited review? Yes ~o 

Truthful and accurate stateMent enclosed? Yes No 
(If Not Enclosed, Must De A Refuse To Accept Letter) 

Required For Originals Received l/14/9~d After 

Is the Indication for Use Form enclosed? r--......YES ____ .No 
(Required for Original SlO(k)s received 1/1/SG and after -
must be submitted on a separate sheet of paper) 

thout reviewing this 510 (k). d~-~ believe this device type may be a preamendments 
-._Aass III device? Yes o (IF YES, NOTIFY' POS It9CEOIATELY IF THE OUTSIDE OF 

THE 510 (k) HAS NOT BEEN STAMPED CLI\S III SO ntAT 'l1IE GMP INSPECTION CAN BE SCHEDULED AS 
SOON AS POSSIBLE). Class III devices can not receive a determination of substantial 
equivalence until the GMP inspection process has been completed. 

Is t:his a file t:hat was determined to be substantially equivalent by ODE, but placed on 
hold due to GMP l:i tions and deleted after 12 mooths.on. hold'?-. If-so .. -a.new .. OOE review. 
is not required, p case forward~POS. . 

________ Yes o 

i: 
·~ 

Accepted Refuse To 
Accept 

I• 
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1 I. CRITICAL ELEMENTS: 

.__.. 

A. Is The Product A Device? 

B. Is The Device Exempt From SlO(k) By 
Regulation Or Policy? 

c. Is D(!vice Sub·~ect· "To Review By CDkH? · 

D. (i) Are You Aware That This Device Has 
Been The Subject Of A Previous NSE 
Decision? 

(iil If Yes, Does This New SlO(k) Address 
The NSE Issue(s) (E.G., Performance 
Data)? 

E. (i) Are You Aware Of The Submitter Being 
The Subject Of An Integrity Investigation? 

F. 

1. 

2. 

3. 

If Yes, Consult The ODE Integrity Officer. 

(ii) Has The ODE Integrity Officer Given 
Permission To Proceed With The Review? 
(Blue Book Memo #I91-2 And Federal 
Register 90N-0332, September 10, 1991.) 

Does The Submission Contain The 
Information Required Under Sections 
510(k), 513(f), And Sll(i) Of The Federal 
Food, Drug, and Cosmetic Act (Act) And 
Subpart E Of Part 807 In Title 21 Of The 
Code Of Federal R~ulations?: 

Device Trade Or Proprietary Name 

Device Common Or Usual Name Or 
Classification Name 

Establishment Registration Number (Only 
Applies If Establishment Is Registered)· 

YES NO 
PRESENT INADBQOATE 

OMISSION JUSTIFIED OMJ:TTED 

u 0 

0 ,.,..-o 

- f--
•·· 

~ - 0 

0 ~ 

0 0 

0 

0 0 

0 0 

~ 
o\ 0 

oj ij 0 
., 

--

jo o. 

4. Class Into Which The Device Is Classified ( 0 0 · · 

With Section 514 Of 0 

dvertisements (If Available) That 
Describe The Device, Its Intended ~se, And 
Directions For Use (Blue Book Memo #G91-l) 

0 

1. 
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..... 

8. A. Sl,O (k) Summat"y Of Safety ·And - · · .... 
Effectiveness Or A. SlO(k) State.ent That 
Safety And Effectiveness Information Will 

~ Be Made Available To Any Person Upon 
Request 

9. For Class III Devices Only. A Class III 
Certification And A. Class III Summary 

10. Photographs Of The Device 

11. Engir'ieering ·p1;awi:ngs_For The .oevic.e With 
Dimensions And Tolerances 

12. The Marketed Device(s) To Which 
Equivalence Is Claimed Including Labeling 
And Description Of The Device 

13. Statement Of Similarities And/Or 
Differences With Marketed Device(s) 

14. Data To Show Consequences And Effects Of A. 
Modified Device(s) 

15. Truthful And Accurate Statement 

II. Additional Information That I! Necessary 
Under 21 CFR 807.87(h): 

A. Submitter's Name And Address 

B. Contact Person, Telephone Number And 
Fax Number 

C. Representative/Consultant If Applicable 

D. Table Of Contents With Pagination 

E. Address Of Manufacturing 
Facility/Facilities And, If 
Appropriate, Sterilization Site(s) 

III. Additional Information That MaY Be 
Necessary Under 21 CFR 807.87(h): 

A.. Comparison Table Of The New Device To 
The Marketed Device(s) 

B. Action Taken To Comply With Voluntary 

0 

0 

7 0 0 

. /-- 0 0 

0 0 

\ 
0 

0 

0 

0 0 

0 I 0 

0 I 0 

o I 0 

o/ 0 

7 0 

I 0 : .. 
'\i 
'• 

0 

I 0 0 

0 0 

~ MARKETED DKV!C8: l 0 0 I 

Ji !lench Test1ng 0 0 ! 

I Animal Testing \ 0 0 
------------------------~~~~-----4---

\ 0 0 Clinical Data 

NEW DEVICE: \o o 
Bench Testing ~ 0 

Animal Testing 0 0 
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..... 
'• 

;.. I' 
Clinical Data a/ .. 0 

D. Sterilization Infor.ation ;) a 
E. Software Inforaation /a a 
F. Hardware Inforaation I a a 
G. If This SlO(k) Is For A Kit, Has The Kit I a a 

Certification State .. nt Been Provided? 

H. Is This Device Subject To Issues That Have v a ' a 
Been·Addressed In specific· G•~td.arice- . -
Document(s)? 

If Yes, Continue Review With Checklist ~a a 
From Any Appropriate Guidance Documents. 

If No, Is SlO(k) Sufficiently Complete To ~ a 
Allow Substantive Review? 

I. Other (Specify) /a a 

l ----·· 

ii .. 
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•' 

uJo:v ISI!:D: .11 Lot /95 

TilE SlO(K) DOCUMENTATION FORMS ARE AVAILABLE ON TilE LAN UNDER SlO(K) 
BOILERPLATES TITLED "DOCUMENTATION" .1\ND MUST DE FILLED OUT WITU 

EVERY FINAL .DECISION (SE. NSE. NOT A DEVICE. ETC.). 

"SGdSTANTIAL-~UIVALENCE" (SBl- DECISION MAKING DOCUMENTATION 

K _____ _ 

Reviewer: ________________________________________________________________ __ 

Division/Branch: _________________________________________________________ __ 

Device Name: _______________________________________________________________ ___ 

Product To Which Compared (SlO(K) Number If Known): _____________________ __ 

YES NO 

l. Is Product A Device If NO - Stop 

2. Is Device Subject To SlO(k)? If NO • Stop 

3. Same Indication Statement? If YES .. Go To 5 

4. Do Differences Alter The Effect Or If YES .. Stop NE 
Raise New Issues of Safety Or 
Effectiveness? 

s. Same Technological Characteristics? If YES • Go To 7 

6. Could The New Characteristics Affect If YES .. Go To 8 
Safety Or Effectiveness? 

7. Descriptive Characteristics Precise If NO 
•i 

•'.•.Go To 10 
Enough? If YES . Stop SE 

8. New Types Of Safety Or Effectiveness If YES - Stop NE 
Questions? 

' 9 1\.~c-entP.d Sci t=-!"•ific- Method.~ F:'(i<.:t-: I i!: ~~ ..... ~ ,... ~ r --. ;,:~ 

jt-:~.- Perfo:.L~-:nc~ Da·:.-~-~:~la-ble_? ___________ r-i---t--· _r_f_N_O-.. ---:-~-~-""-e-s--t--1' 
I 

1 
i Data I 

I !.1. Doto Dew,c.notrate Equi•,alonce? i i Final ""ciaion, j 
Note: In addition to completing the form on the LAN, •yes" responses to 

questions 4, 6, 8, and 11.:' and every •no" response requires an 
explanation. 
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l. Intended Une: 

2. Device Description: Provide a statement of how the device is either 
similar to and/ot· different from other marketed devices, plus data (if .. 
nec-~ssary).·to sup~_r.t the statement. ·Is the device life-supporting or 
life sust"ciining? Is the device implanted (short-term or long-term)? Does 
the device design use software? Is the device sterile? Is the device for 
single use? Is the device product as a component? Is this device a kit? 
Provid~ a summary about the devices design, materials, phyaical 
properties and toxicology profile if important. 

EXPLANATIONS TO •YES• AND •No• ANSWERS TO QUESTIONS ON PAGE 1 AS NEEDED 

1. Explain why not a device: 

2. Explain why not subject to 510(k): 

3. How does the new indication differ from the predicate device's 
indication: 

4. Explain why there is or is not a new effect or safety or effectiveness 
issue: 

S. Describe the new technological characteristics: 

6. Explain how new characteristics could or could not affect safety or 
effectiveness: 

7. Explain how descriptive characteristics arnot precise enough: 

a. Explain new types of safety or effectiveness questions rais'~ or why the 
questions are not new: ·\ 

9. Explain why existing scientific methods can not be used: 

10. Explain what performance data is needed: 

li. E> .. 1J3c..in !1c-..w tf~r:! per::o~..-~r.ance d,-ita derrt<.J&l.8t .... -.;tes r:!1at.. ":he fl~'."i<.:'!: iv or i.; 
not substantially equivalent: 

ATT.I\CH ADDITIONAL SUPPOR.fiNG !NFORMA!'!Oll 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

Deceuber 13, 1996 

BIOMET, INC. 
AIRPORT INDUSTRIAL PARK 
P.O. BOX 587 
WARSAW, IN 46581 
ATTN: MARY L. VERSTYNEN 

Food and Druq Administration 
Canter for Devices and 
Radioloqical Health 
Office of Device Evaluation 
Document Hail Canter (BFZ-401) 
9200 Corporate Blvd. 

Rockville, Maryland 20850 

510(k) Number: K964970 
Received: 12-DEC-96 
Product: BIOMET BONE SCREW 

The Center for Devices and Radiological Health (CDRH), Office of Device 
Evaluation (ODE), has received the Premarket Notification you submitted in 
accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic Act 
(Act) for the above referenced product. We have assigned your submission a 
unique 510(k) number that is cited above. Please refer prominently to this 
510(k) number in any future correspondence that relates to this submission. 
We will notify you when the processing of your premarket notification has been 
completed or if any additional information is required. YOU MAY NOT PLACE 
THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE A LETTER FROM FDA 
ALLOWING YOU TO DO SO. 

On January 1, 1996, FDA began requiring that all 510(k) submitters provide on 
a separate page and clearly marked "Indication For Use" the indication for use 
of their device. If you have not included this information on a separate page 
in your submission, please complete the attached and amend your 510(k) as soon 
as possible. Also if you have not included your 510(k) Summary or 510(k) 
Statement, or your Truthful and Accurate Statement, please do so as soon as 
possible. There may be other regulations or requirements affecting your device 
such as Postmarket Surveillance (Section 522(a)(l) of the Act) and the Device 
Tracking regulation (21 CFR Part 821). Please contact the Division of Small 
Manufacturers Assistance (DSMA) at the telephone or web site below for more 
information. 

Please remember that all correspondence concerning your submi~sion MUST be 
sent to the Document Mail Center (HFZ-401) at the above letterhead address. 
Correspondence sent to any address other than the Document Mail Center will 
not be considered as part of your official premarket notification submission. 
Because of equipment and personnel limitations, we cannot accept telefaxed 
material as part of your official premarket notification submission, unless 
specifically requested of you by an FDA official. Any telefaxed material 
must be followed by a hard copy to the Document Mail Center (HFZ-401). 

You should be familiar with the manual entitled, "Premarket Notification 
510(k) Regulatory Requirements for Medical Devices" available from DSMA. 
If you have other procedural or policy questions, or want information on 
how to check on the status of your submission (after 90 days from the 
receipt date), please contact DSMA at (301) 443-6597 or its toll-free 
number (800) 638-2041, or at their Internet address DSMO@FDADR.CDRH.FDA.GOV 
or me at (301) 594-1190. 

Sincerely yours, 

Marjorie Shulman 
Consumer Safety Officer 
Premarket Notification Staff 

II" 
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,_/ I 
Corporate 
Headquarters 

Mailing Address: 
P.O. Box 587 
Warsaw, IN 46581-0587 

Shipping Address: 
Airport lndustnal Park 
Warsaw. IN 46580 

December 11, 1996 
(219) 267-6639 Office 
(219) 267-8137 FAX 

Document Mail Center (HFZ-40 1) 
Center for Devices and Radiological Health 
Food and Drug Administration 

__, r--.:> 
0 

c:::::l :;:..- rn 
C"? 

9200 Corporate Boulevard 
Rockville, MD 20850 

~) 
(...t:;) ,~_::·, 

;t .. en 
: .... t.: 

0 
C:> ..r::.. 
rn -0 ..r::.. ::;:; 
0 

RE: 510(k)Notification 
Biomet Bone Screw 

Dear Sir or Madam: 

Please find the enclosed 51 O(k) Notification for the Biomet 
Bone Screw. This screw is made of the exact same material used 
in the LactoSorb® Trauma Plating System (K955729, K960988) 
LactoSorb® Suture Anchor (K954443), LactoSorb® Pop Rivet 
(K951658) and Lac to Sorb® Bone Pin (K953194 ). 

We consider our intent to market these devices as 
confidential commercial information and request that it be 
considered as such by the FDA. We trust that you will find this 
submission in compliance with the regulations. 

Sincerely, 

Mary L. Verstynen 
Clinical Research Manager 

MLV/clb 

;c 
rn 
("") 

f"r'l -~""*' ~·j,i,~~ 

rn 
0 

l'rr IIIII 
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Page_1_of-L_ 

._,. 51 O{k) Number {if known)=---------

·-

Device Name: Biomet Bone Screw 

Indications ~or Use: 

-
The Biomet Bone Screw is· indicated for fixation of cancellous 

bone fractures, osteotomies, arthrodeses or bone grafts. 

{PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF 
NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

h\!~cri;.;,ticn Use 
(Per 21 CfR 801. i091 

OR Over- fh~-Ccuntei Use 

(Optional Format 1-2-96) 
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ONewdevice 
0 Withdrawal 
0 Additional or expanded indications 
0 Licensing agreement 

0 Labeling change: 

0 Indications 
0 Instructions 
0 Performance Characteristics 
0 Shelflife 
0 Trade llAllle 

0 Other (specify below) 

0 Change in ownership 
0 Change in correspondent 

0 Other reason (specify): 

0 New device 

0 Addition of institution 

0 Expansion I extension of study 
0 IRB certification 
0 Request hearing 
0 Request waiver 
0 Tcrm.ination of study 
0 Withdrawal of application 
0 Unanticipated adverse effect 

0 Emergency use: 

0 Notification of 
emergency use 

0 Additional information 

0 Other reason (specify): 

Vcnion 1.0 

0 Change in design. component, 
or specification: 

0Software 
D Color Additive 
D Other (specify below) 

D Process change: 

D Manufacturer 
Dsterilizer 
D Packager 

D Location cbange: 

0 Manufacturer 
Dsterilizer 
D Packager 
D Distributor 

0 Report submission: 

D Annual or periodic 
0 Post-approval study 
D Adverse reaction 

D Response to FDA correspondence (specify below) 
0 Request for applicant hold 

0 Device defect 
DAmendment 

D Request for removal of applicant hold 
D Request for extension 
D Request to remove or add manufacturing site 

0 Change in: 

0 Correspondent 
DDesign 
D Informed consent 

D Manufacturer 
D Manufacturing 
D Protocol - feasibility 
D Protocol-- other 
0 Sponsor 

0 Report submission: 

0 Current investigator 
D Annual progress 
D Site waiver limit reached 
0 Final 

0 Response to FDA letter concerning: 
D Conditional approval 

0 Deemed approved 
0 Deficient final report 
D Deficient progress report 

D Deficient investigator report 

D Disapproval 
0 Request extension of 

time to respond to FDA 
0 Request meeting 

0 IOL submissions only: 

0 Change in IOL style 
0 Request for protocol waiver 

1_,-19,1m 
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Product codes of devices to which substantial e<nJuvaien~ce is claimed: 

87HWC 2 3 4 

6 7 8 

Information on devices to which substantial equivalence is claimed: 

510(k) Number Trade or proprietaJy or model name 

K920188 1 Biofix SR-PGA Screw 
2 2 

3 3 

4 4 

6 8 

Common or usual name or classification name: 

Screw, fixation, bone 

Biomet Bone Screw 

2 

3 

4 

6 

FDA document numbers of all related submissions 

1 K954443 2 K951658 3 K953194 
7 8 9 

Data included in submission: Qll Laboratory testing 

Indications (from labeling): 

4 ... 

10 

12! Animal trials 

Summary of, or statement conocming. 
safety and cffeotiwuou data: 

aa s1 O(k) sum.m&l)' altached 
0 510(k) statement 

Manufacturer 

13ios 
2 

3 

4 

8 

Model number 

l see Exhibit 1 

2 

3 

4 

6 

6 

11 12 

0 Human trials 

The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses or bone grafts. 

Vcnion 1.0 Ja.y 19, 1995 
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13 Original FDA eatabliabment registration number: IX Manufacturer 
0 Add 0 Delete 1 8 2 50 3 4 0 Contract manufacturer 

Cunpany IIDstitution name: 
Biomet, Inc. 

Division name (if applicable): NA 

Street address: 

Ai ort Industrial Park P.O. Box 587 
COWltry: State I Province: 

Indiana 
City: 

Warsaw 

Contact name: 

Ma en 

Contact title: 
Clinical Research Manager 

Pbooe number (include area code): 
219 267-6639 

FAX number (include area oodc): 

( 219 ) 268-2742 . 

USA 
ZIP I Postal Code: 
46581-0587 

IX Original FDA establishment registration number: 0 Manufacturer ~Contractsterilizer 

0 Add 0 Delete 0 Contract manufacturer 0 I relabeler 

Company /Institution name: 

Division name (if applicable): Phone number (include area code): 

Street address: 

City: Country: 

Contact name: 

Contact title: 

fB Original FDA establishment registration number: 0 Manufacturer 

ZIP I Postal Code: 

01 Contract sterilizer 
0 Add 0 Delete 0 Contract manufacturer 0 I relabeler 

Company /Institution name: 

Division name (if applicable): Phone number (include area code): 

Street address:

City: State I Province: 

Contact name: 

Contact title: 

Country: ZIP I Postal Code: 

;tV 
Vc:nioo 1.0 J...-y 19, 1995 

(b) (4)

(b) (4)

(b) (4) (b) (4) (b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4) (b) (4)
(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Biomet, Inc. 

Division name (if applicable): 

Stroot address: 
Ai rt INdustrial Park P.O. Box 587 

Country: State I Province: 
Indiana 

City: Warsaw 

Signature: 

Name: 
Mary L. Verstynen 

Title: 
Clinical Research Manager 

Company I Institution name: 

Division name (if applicable): 

Street address: 

City: State I Province: CoWitry: 

Contact name: 

Contact title: 

USA 
ZIP I POIICal Code: 
46581-05'87 

ZIP I Postal Code: 

............................. 
·············-·······-········ ··::::::::::::::::::::::::::::. 

·•·•••····Y:oui·v~Jiri#aJ)T.•colriPlet:ion••(>fthis··~emlrkdsubtl1i~o#.•¢9.Y~{~~H~i.1i}}: 
········"fJ.()f~~~)'f-P.&4~~.~~gypw.:~ .... ~)~;)~{\:.: 

. ·:··.:··:::::·::·:::.·:: 

Vcnioa 1.0 J-r 19, 199j 
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SOI.aRY OF SAFE'l'Y AND EFFECTIVENESS 

The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses, or bone grafts. The 
screws are made of a resorbable copolymer comprised of 
poly lactic acid ( PLA} and polyglycolic acid ( PGA) . In 
histological animal studies, the bone screw was completely 
resorbed by 15 months IN VIVO. 

The Biomet Bone Screw is made of bioresorbable and 
biocompatible polymers that have been used in surgical 
procedures for years. LactoSorb® resorbable copolymer is a 
synthetic polyester derived from lactic and glycolic acids. 
Polylactic/polyglycolic acid copolymer degrades and resorbs IN 
VIVO by hydrolysis to lactic and glycolic acids which are then 
metabolized by the body. The safety of PLA/PGA material has 
been well documented since the early 1970's when the FDA first 
approved the use of resorbable PLA/PGA sutures. The exact 
same LactoSorb® material has been implanted in humans for over 
10 years in a ligating clip. The LactoSorb® material has been 
found to be biocompatible in both soft tissue and bone tissue. 

The effectiveness of the Biomet Bone Screw was determined by 
mechanical testing. The LactoSorb® screws were found to 
provide the same healing as a stainless steel screw in an 
animal model. There was no adverse tissue response to either 
the metal or LactoSorb® screws. 

In summary the Biomet Bone Screw is safe and effective for 
fixation of cancellous bone. Mechanical testing demonstrated 
the Biomet Bone Screw to be as effective as the comparative 
metal and PGA resorbable cancellous screw. 
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SlO(k) Notification 

DEVICE IDENTIFICATION 

Proprietary name: Biomet Bone Screw 

Common Name: Bone Screw 

Classification Name and Reference: 

Regulatory Class: Class II 

Device Product Code: 87HWC 

DEVICE DESCRIPTIVE INFORMATION 

Screw, Fixation, Bone 
(888.3040) 

This device is indicated for fixation of cancellous bone 
fractures, osteotomies, arthrodeses, or bone grafts. 

Device Description 

Referring to Figure 1 on the next page, the Biomet Bone Screw 
is comprised of a hex head driver, a permanent head, a smooth 
shaft, and a distal threaded region. The bone substrate is 
first drilled and tapped. Next, the socket-type screwdriver 
is engaged wi t.h the hex head of the screw. The distal tip of 
the screw is inserted into the tapped bone hole and the screw 
is torqued into the hole until the underside of the permanent 
head comes into contact with the bone surface. Additional 
torque applied to the screw then shears the hex head from the 
permanent head at the neck, or juncture, between the two 
heads. The detached hex head is then ejected from the 
screwdriver A substantial region of 3.5 mm (0.138 inch) 
diameter smooth shaft exists between the permanent head and 
the distal threaded region. This permits the proximal bone 
fragment to be lagged to the distal fragment. Opposing sides 
of the permanent head include two flat surfaces to enable the 
screw to be grasped with needle holders, or other grasping 
instrument. ::;u that the screw can be countertorqued for 
removal. The 'J mm diameter ( 0. 197 inch) threads are a 
buttress type configuration which are relatively blunt, 
compared to the V-threads typical of metal screws. This 
configuration increases the strength of the thread, but 
contributes to the requirement that the hole be tapped prior 
to screw introduction. 

There is a family of twelve screws, the overall length 
(including permanent head) rang1ng from~~ to 70 mm, or 1.378 
to 2.756 inches Specific lengths are 35, 40, 45, 50, 60, and 
70 mm. Screw.5 of each length may be cannulated or solid. -- ~ 
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If cannulated, the screws contain a central through-hole of 
1.25 mm (0.059 inch) diameter, to permit the bone fragments to 
be reduced with a 1.1 mm diameter K-wire, with the screw 
introduced over the K-wire. The instrumentation set is 
composed of a screwdriver, a tap, and a drill bit. Any 
standard stainless steel K-wire, up to a diameter of 1.1 mm, 
may be used with the cannulated screw. 

Hex Head---

PennanentHeaJ---________________ _., 

---Flat Surface---

Smooth Shaft------------+~ 
Minor --------+~ 
Diameter 

Major Diameter 

Overall Length 

Figure 1. Schematic drawing of the Biomet bone screw. 
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See Exhibit 1 for a device listing, photographs, and 
engineering drawings of the devices. 

MATERIALS 

Biomet®: 82% L-Lactide 
18% Glycolide 

LABELING 

A sample of proposed labeling is found in Exhibit 2. No 
promotional material is currently available. 

STERILITY INFORMATION 

Radiation Type: Ethylene Oxide (ETO) 
Residuals: Residuals are below the 

limits. 
250ppm ETO 
5000ppm ETG 
250ppm ETCH 

Sterility Assurance Level: 10~ 6 

Sterility Validation Method: AMMI 

1978 Federal Register 

Pyrogen-Free: The devices are not labeled as "Pyrogen Free" 
Pyrogen testing is performed as part of 
auditing procedures by United States Surgical 
Corporation. 

Sterilization Site: United States Surgical Corporation 
195 McDermott Road 
North Haven, Connecticut 06473 

or 
Griffith Micro Science 
7775 Quincy Street 
Willowbrook, IL 60521-5531 

See Exhibit 3 for detailed sterilization information. 

PACKAGING DESCRIPTION 

The final product will be supplied in individual sterile 
packages. The Biomet Bone Screws are packaged with desiccant 
in a Tyvek pouch and this pouch resides in a foil pouch. 

SUBSTANTIAL EQUIVALENCE INFORMATION 

The Biomet Bone Sc:rew is substantially equivalent to: 

1. Biofix® SR-PGA Screw manufactured by Bioscience Ltd., 
Tampere, FLnland; K920188 

A Biofix SR-PLLA Screw has also received marketing 
clearance K925098. 
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The following "Comparison to Marketed Device" shows that the 
Biofix Screws have the same indication and intended use in a 
similar design as the Biomet Bone Screw. See information in 
Exhibit 4 on the Biofix Screws. 

• Package Insert 
• Device Listing 
• Surgical Techniques 

The Biofix SR-PGA Screw is 100% PGA and the Biomet Screw is 
18% PGA. PGA is generally a faster resorbing material than 
PLLA. Because the Biomet Screw is 82% PLLA, it will retain 
its strength for a longer time period. 

The following information is provided demonstrating that the 
device does not raise any new types of safety questions (see 
Exhibit 5). 

1. Biocompatibility Testing Summary 
The resorbable material was found to be non-pyrogenic, 
non-toxic, non-mutagenic, causing minimal irritation in 
soft tissue with a mild tissue response in bone. 

2. Stability Test Data- real time data justifying a 36 month 
expiration date. 

3. Sterilization Information 

4. "Tissue Response To Absorbable Bone Screws" 

5. Clinical Use of the LactoSorb® Suture Anchor is Bankart 
Procedures 

6. Clinical Use of the LactoSorb® Trauma Plating system in 
Midface Fractures 

Note: Both studies demonstrated the safety and 
effectiveness of the LactoSorb® devices in both soft 
tissue attachment and bone fixation applications. 

The following test reports are provided demonstrating that the 
device does not raise any new types of effectiveness questions 
(see Exhibit 6 ) . 

1. Fracture Fixation Using Bioabsorbable Screws in the 
Canine Femur (see the following Animal Study Summary) 

This study implanted the Biomet Bone Screws comprised of 
the exact same LactoSorb® material as clinical product. 
This report describes LactoSorb® as 20% PGA/80% PLLA. 
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Biornet® Bone Screw 

1. ~Ddications: fixation of 
- cancellous bone fractures 
- osteotomies 
- arthrodeses 
- bone grafts 

2. ~nteDded tJse: 
- cancellous bone (not cortical bone) 
- predrilled bone hole, tap, 

countersink 

3. Design: 
a. dimensions: 

5.0mrn x 35-70mrn 

b. cannulated and non-cannulated 

c. Distal threads only 

4. Material: PLLA/PGA 
a. 82% poly-1-lactic acid (PLLA) and 

18% polyglycolic acid (PGA) 
copolymer 

b. maintains its strength for at least 
12 weeks. 

c. complete absorption by 15 months. 

5. Chemical Structures 

0 0 
II I I 

catalyst ( -0-CH-C-0-CH-C- )n 

heat I I 
CH3 CH3 

Iactide polylactide 

Biofix® Screw 

1. ~Ddications: fixation of 
- cancellous bone fractures 
- osteotomies 
- arthrodeses 
- bone grafts 

2. Intended Use: 
- cancellous bone (not cortical 

bone) 
- predrilled bone hole, tap 

countersink 

3. Deaign: 
a. dimensions: 

4.5mm x 25-70rnm 

b. non-cannulated 

c. Full thread 

4. Material: SR-PGA 
a. 100% polyglycolic acid (PGA) 

reinforced with PGA fibers 

b. maintains its strength for 5-7 
weeks. 

c. complete absorption by 12 months 

5. Chemical Structures 

0 0 
catalyst II II 

( -O-CH2-C-O-CH2-C- )" 
heat 

glycol ide polyglycolide 
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ARDIAL STUDY SU*ARY 

Mechanical Teat Results 
Mechanical tests were performed after two months IN VIVO at 
fracture sites in dog femurs to study the strength of the 
callus formed. Torsional testing was used for the cortical 
bone model and an indentation test for the cancellous model. 
No significant difference was seen in femurs treated with 
either LactoSorb® screws or stainless steel screws. The 
LactoSorb® screws used in the animal study are identical to 
those to be used clinically. 

Torsional Results 
( in newtons ) 

Indentation Results 
(in MPA) 

bone plug surrounding bone 

LactoSorb® Screw 830.±180 11. 9 7 ±.2 . 3 6 18. 68.±1. 69 

Stainless Steel (SS) 964±.156 13. 24±.1. 95 18. 40.±1. 95 

Histology Results 

1. 2 Months Postimplantation 
Polymer Screws- 90% of bone plugs had bony union 

- osteotomies fully healed 
SS Screws- 80% of bone plugs had bony union 

- osteotomies fully healed 

2. 9 Months Postimplantation 
Polymer Screws - all bone plugs healed 

- no inflammatory response 
- polymer still in screw track but much 

less than 2 months postop 
SS Screws- all bone plugs healed 

- no inflammatory response 

3. 15 Months Postimplantation 
Polymer Screws - completely resorbed, screw track still 

present and filled with fibrous and 
adipose connective tissue. 

4. 17 Months Postimplantation 
Polymer and SS Screws - all osteotomies healed, no 

adverse inflammatory response. 
- polymer screws were completely 

resorbed 
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3 . 

The sponsor describes LactoSorb® as 18% PGA/82% PLLA. 
The following is the actual specification for LactoSorb®. 

PGA 17.5 - 19.8% 
PLLA 80.2 - 82.5% 

Biomechanical Comparison of LactoSorb® Screw Blanks with 
Biofix Polyglycolic Acid and Poly-L-Lactic Acid and 
Orthosorb Polydioxanone Material 

Biomechanical Comparison of 5. Omm Diameter LactoSorb® 
Screws with 4.5mm Diameter Biofix PGA Screws 

is substantially equivalent in 
and design to Biofix screws 
the Biomet Bone Screws to be as 
intended use as the predicate 

In summary, this device 
indication, intended use, 
Mechanical testing has found 
safe and effective for its 
devices. 

, ....... __. 
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Part No. 

RD-4101-86 
RD-4104-87 
RD-4101-88 
RD-4101-89 
RD-4101-90 
RD-4101-91 
RD-4101-92 
RD-4101-93 
RD-4101-94 
.RD-4101-95 
RD-4101-96 
RD-4101-97 

DEVJ:CE LIS'l'J:HG 

Biomet Bone Screws 

Description (width x length) 

5.0rrun x 35rmn 
5.0rrun x 40rrun 
5.0rrun x 45rmn 
5.0mm x 50mm 
5.0mm x 60mm 
5.0rrun x 70mm 
5.0mm x 35rrun, cannulated 
5.0rrun x 40rrun, cannulated 
5.0mm x 45rrun, cannulated 
5.0mm x 50rrun, cannulated 
5.0mm x 60rrun, cannulated 
5.0mm x 70mm, cannulated 

Instrumentation 

Part No. 

35-463009 
34-513505 
RD-4101-98 
RD-4101-99 

Description 

3.5mm Twist Drill 
Tap Handle 
Bone Screw Socket Driver 
Bone Tap 
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(b)(4) Schematic Drawing
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(b)(4) Schematic Drawing
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(b)(4) Schematic Drawing
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(b)(4) Schematic Drawing
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Pouch Label 

Part No. xx-xxxxxx 
Biomet Bone Screw 

Description 

LOT NO. 123123 

PLA/PGA (Resorbable Polymer) LactoSorb* 
*LactoSorb is a TM of Biomet, Inc. 

STERILE - SINGLE USE - DO NOT RESTERILIZE 
Sterile if package not opened or damaged 

EXPIRATION DATE: XX/XX 

CAUTION: Inner sterile material is moisture sensitive. Once this package 
has been opened, its contents must be used immediately. 

DO NOT STORE ABOVE 120°F OR 49°C. 
DO NOT USE PRODUCT IF TEMPERATURE INDICATOR DOT IS BLACK. 

QTY 1 Biomet, Inc. 
P.O.Box 587 
Airport Industrial Park 
Warsaw, IN 46581-0587 (USA) 
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Biomet, Inc. 
Airport Industrial Park 
P.O. Box 587 
Warsaw, Indiana 46580 
USA 

WARHZRGS AND PRBCAUTZOHS FOR USE OF 
THE BZOMET BONE SCREW 

ATTENTION OPERATING SURGEON 

DESCRIPTION: 

The Biomet Bone Screw is a resorbable device used for the 
fixation of cancellous bone fractures, osteotomies, 
arthrodeses or bone grafts. The device is made of a 
resorbable copolymer, a polyester derivative of lactic acid 
and glycolic acid. Polylactic/polyglycolic acid copolymer 
degrades and resorbs IN VIVO by hydrolysis to lactic and 
glycolic acids which are then metabolized by the body. The 
screws are completely resorbed by 15 months IN VIVO. 

WARNINGS: 

While these devices are generally successful in the alignment 
and fixation of bone they do not replace normal healthy body 
structures. The use of appropriate immobilization and 
postoperative management is indicated as a part of treatment 
until healing has occurred. 

The surgeon is to be familiar with the implant, instruments, 
and surgical procedure. In using the device, a judgment must 
be made as to the holding power of the bone, as a significant 
degree of osteoporosis will weaken the hold in the bone. In 
all cases sound orthopedic practice is to be followed and the 
surgeon must select the type of device appropriate for 
treatment. 

The patient is to be warned that the device can break or 
loosen as a result of stress, excessive activity or load 
bearing. The patient is to be made aware of surgical risks 
and possible adverse effects prior to surgery, and warned that 
failure to follow postoperative care instructions can cause 
failure of the implant and the treatment. 

INDICATIONS: 

The Biomet Bone Screw is indicated for fixation of cancellous 
bone fractures, osteotomies, arthrodeses or bone grafts. 
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1. Active infection. 
2. Fractures and osteotomies of cortical bone. 
3. Patients with mental or neurologic conditions who are 

unwilling or incapable of following postoperative care 
instructions. 

4. Patient conditions including: blood supply limitations, 
insufficient quantity or quality of bone, or latent 
infections. 

WAlUI:IHGS ARD PRBCAUT:IONS : 

1. 

2. 

3 . 

4. 

5. 
6. 

7. 

Patients that engage in stressful physical activities are 
to be warned that injury at or near the implant site can 
lead to subsequent failure of the device and/or the 
treatment. 
The device can break or be damaged due to excessive 
activity, and stress caused by full or partial load 
bearing can cause failure of the device. 
The Biomet Bone Screw is intended to aid in alignment and 
bone fixation during the healing process and is not 
intended to replace normal body structures. 
Care is to be taken to assure adequate fixation of the 
bone tissue at the time of surgery. The failure to 
achieve adequate fixation through improper positioning or 
placement of the device can contribute to a subsequent 
undesirable result. 
DO NOT USE if there is loss of sterility of the device. 
Discard and DO NOT USE opened or damaged devices, and use 
only devices that are packaged in unopened, or undamaged 
containers. 
CU'l'T:ING OF SCREWS: The screw can be cut with an 
oscillating or reciprocating saw. NO OTHER CUTTING 
METHOD MAY BE USED. After implantation, screws can be 
cut ONLY at the distal protrusion. 

POSS:IBLE ADVERSE EFFECTS: 

1. Infection can lead to failure of the procedure. 
2. Neurovascular injuries can occur due to surgical trauma. 
3. Bending, fracture, loosening, rubbing, and migration of 

the implant may occur as a result of excessive activity, 
trauma, or load bearing. 

4. Delayed or non-union can occur 

STBR:IL:ITY: 

Biomet Bone Screws are sterilized by exposure to Ethylene 
Oxide (ETO) Gas. DO NOT RESTERILIZE. 
DO NOT STORE ABOVE 120°F OR 49°C 

CAUT:ION: Federal Law (USA) restricts this device to sale, 
distribution, or use by or on the order of a physician. ) j 
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sterilization Validation Protocol 
Lactomer®/Suture Cycle 

(b) (4)
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Performance QualificatiOn 
Biomet, Inc. 
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G 
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BIOMET, INC. 

DATE 

october17,1998 
ProtOCOl # 797960038 
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Blomet, Inc. 

ATTACHMENTS 

Attachment 1 Commissioning Review/Documentation 

Attachment 2 CertifiCate of Commissioning 

Attachment 3 Ust of products 

Attachment 4 Bl Location in Product 

Attachment 5 Load Configuration Preconditioning 

Attachment 5 Load Configuration Chamber 

Attachment 5 Load Configuration Aeration 

Attachment 6 Sample Placement in Load 

Attachment 7 Sample Placement Sheet 

Attachment 8 Sample Retrieval Fonn 

Attachment 9 RH and Half Cycle Parameters 

Attachment 10 Full Cycle Parameters 

Attachment 11 Certificate of Validation 

Attachment 12 Batch Release of Product 

october 17. 1986 
Protocol I 797960036 
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BIOFIX® 
ABSORBABLE FIXATION SCREW 

INSTRUCTIONS FOR USE 

BIOFIX• SR-PGA SCREW 

FOR FIXATION OF CANCELLOUS BONE FRACTURES. 
OSTEOTOMIES, ARTHRODESES AND BONE GRAFTS 

DESCRIPTION 

BiofiiC'" SR-PGA absorbable screws, diameter of 4.5 mm, are constructed of 
ultra-high strength sell-reinforced polyglycolide (SR·PGA) composite 
material. The manufacturing process preserves high initial mechanical 
strength and stiffness of the screws which allows secure fixation in 
combination with suitable immobilization. The BiofiiC'" SR-PGA screws lose 
their strength during 6 to 8 weeks In vivo. Within a corresponding period of 
time, a fracture of cancellous bone is normally consolidate<l. BiofiiC'" SR·PGA 
screws are absorbed by cancellous bone tissue during ca. 1 year In vivo. This 
eliminates the need of a second operation to remove non-absorbable fixation 
devices after the healing of fracture, osteotomy or arthrodesis. BiofiiC'" 
SR-PGA screws are sterile, non-collagenous, non-antigenic and non
pyrogenic. 

ACTIONS 

Properly used, in the presence of adequate immobilization, BiofiiC'" SR·PGA 
screws maintain accurate alignment of cancellous bone fractures after open 
reduction. 
As a cancallous bone fracture gains strength during healing, the BiofiiC'" SR· 
PGA screw gradually loses its strength during 6 to 8 weeks. Absorption follows 
strength loss and is complete in 1 year post-operatively. 
BiofiiC'" self-reinforced polyglycolide composite screws have been shown 
to be biocompatible in both animal and clinical evaluations. 

INDICATIONS 

BiofiiC'" SR·PGA screw is indicated for maintenance of alignment and fixation 
ol cancellous bona fractures, osteotomies. arthrodeses or bone grats in the 
presence of appropriate immobilization. 

CONTRAINDICATIONS 

1. Fractures and osteotomies of cortical bone. (diaphyseal area) 
2. Situations where inlemal fixation is otherwise contraindicated, e.g., active 

or potential infection and where patient cooperation cannot be quaranteed 
(e.g. alcoholism). 

PRECAUTIONS & WARNINGS 

1. Premature bending, loosening, fracture or migration of the screws may 
result from early weight bearing, stress and activity. 

2. Transient local fluid accumulation and/or sinus formation may occur in 
sterile circumstances. Aspiration (simple drainage) may yield implant 
remnants and usually results in healing of the sinuses without adverse 
effect to fracture healing. 

3. Sterility and Handling: Biofix- SR·PGA screws have been sterilized with 
ethylenaoxide. Removal from the sterile package using aseptic techniques 
should only take place after the correct size screw haa been determined 
immedietely before use. THE SCREWS MUST NOT BE RESTERILIZED 
BY ANY METHOD. 

4. Poatoperatlve or lntreoperatlve Cutting of Screws: The screw must not 
be cut by pretalng or twisting. The screw can be cut with an oscillating or 
reciplocating uw, an electrical knife or a heated wire. NO OTHER 
CUTTING METHOD MAY BE USED. Do not cut the distal end of the screw. 
The ICreW mull be cut only after implanting. 

5. Discard open, unused screws. 

ADVERSE EFFECTS 

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

HOW SUPPLIED 

BiofiiC'" SR-PGA screws are available with major thread diameter of 4.5 mm 
and core diameter of 3.5 mm in various lengths from 25 mm to 70 mm. 
BiofiJt" SR·PGA sc:rews are provided sterile, in individual unit packages. Store 
at room temperature {15 to 30•c or 60 to 85°F) at normal relative humidity. 
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SURGICAL TECHNIQUE 

Aa for other methods of intemel fixation: 
• Proper Local, Regional or General Anesthesia 
• Aalptic Conditions 
• Proper Exposure 
• X·Ray Control 
• Perioperatlve Antibiotics are recommended. 
Figure 11howsschematlcally in cro11-uct1onal view the operating principles 
with Blollll' SR·PGA screw. 
The operating principles follow very much the ones of the AO school. First the 
arM around the fracture is exposed by the standard principles of bone 
IUf1l8rY. Major arteries and aU nerves should be preserved by careful 
dileection. Good alignment of the fracture (1) must be obtained followed by 
fixation with clamp(s). A suitable channel (3.5 mm drill bit) (2) is driHed through 
the fracture plane for the screw (Fig. 1a). The channel is tapped with the Biofill' 
tapping device (3) to make the accurate thread (it must be observed that the 
profile of the Biofill' screw is different from the metallic screws) Fig. 1 b). 
If it is decided to use the screw heed as additional support the 8iofix
countersink (4) is used in order to make space for the screw head (Fig. 1c). 
The Biolill' SR·PGA screw (6) needs a screwdriver of its own (5) (Fig. 1 d). It 
is important to use the right size since the screw head sticks to the instrument. 
If it is decided not to use the screw head or if the screw seems to be too long 
the countersink is not used bu1 instead the screw is simply cut along the bone 
surface (Fig. 1e). The screw fragment must be removed and disposed. If the 
rwductlon is done properly and if the driiHng and tapping are done in an 
accurate way there should be no problems in inserting a Biofill' screw (Fig. 
1 f). Since the torsion resla1ance is le11 than that of metal screws extra 
attention should be paid not to use too much torque when implanting the 
screw. 
If the osteosynthesis is already stabile the screw can probably be cut. If this 
is not the cue the drilling and tapping must be checked. If the screw breaks 
altW all it can be cut and the left overs disposed. After this a new channel can 
ba drilled (also straight through the old screw if necessary). A plaster of Paris 
is used postoperatively. 

11) 

Figure 1 . Operating principles with Biofill' SR-PGA screws. 
The apecial instruments needed with Biofill' SR-PGA screws are (Fig. 2): 
- a bone tap (a) 
- a countersink (b) and 
- a screwdriver (c) 

a) ():2 '51 

b) ():2 z--p 

c) ( :=J==--~ 
Figure 2. The special instruments needed with Biofill' SR-PGA screws. 

The tap and countersink are used with standard AO-type tap handle (T · 
handle) equipped with a quick-coupling socket for the 4.5 mm tap and 
countersink. 
Other instruments are normal operation room instruments for orthopaedic 
and treumatoioglcal procedures. 
If more detailed information is needed, please do not hesitate to contact your 
local Blollx representative and ask the Biofix Screw Surgical Technique · 
manual. 

MAHUFACT\JAED BY: BIOSCIENCE, LTD. P.O.BOX 3, FIN-33721 TAMPERE. FINLAND 
IJiotiM" Ia I regia-~ ollllolcionco Lid, Tompere, Finland. 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



"._/ 

KIRSCHNER® 
MEDICAL CORIDRA TION 

9690 Deereco Road 
Timonium, Maryland 21093 

To place an order or for additional ordering 
information, contact Customer Service at: 

1--800--367--7764 

Ordering lnfonnation 

BIOFixt' SR-PGA® SCREWS 

Sold in boxes of five ( 5) eaches (Sterile) 

Cat. No. Description 

21-4570 4.5mm x 70mm Biofix Screw 
21-4565 4.5mm x 65mm Biofix Screw 

21-4560 4.5mm x 60mm Biofix Screw 

21-4555 4.5mm x 55mm Biofix Screw 
21-4550 4 .5mm x 50mm Biofix Screw 

21-4545 4.5mm x 45mm Biofix Screw 

21-4540 4.5mm x 40mm Biofix Screw 
21-4535 4.5mm x 35mm Biofix Screw 

21-4530 4.5mm x 30mm Biofix Screw 
21-4525 4.5mm x 25mm Biofix Screw 

©Kirschner Medical Corporation, 1994 

BIOFlxt' 4.5MM SCREW 

INSTRUMENTATION 

Cat. No. Description 

22-4501 4.5mm Screw Tap 

22-4502 4.5mm Screw Countersink 

22-4503 4.5mm Screw Driver 

22-4504 4.5mm Drill Guide 

22-4505 3.5mm Drill Guide Sleeve 

22-3507 3.5mm x 5" Drill Bit 

22-4507 4.5mm x 5" Drill Bit 

22-5001 Bone Holding Forceps, Pointed 
22-5002 Bone Holding Forceps, Curved 
22-5003 Tap and Countersink Handle 
35-9030-0 Depth Gauge 

BATIERY OPERATED ELECTROCAUTERY 

AA1000 Loop Cautery (Sterile) 

CASE 

22-9000 · Biofix Screw Instrument Case 

Biof~. SR-PGA• are registered trademarks of Bioscience, Ltd. 

31006· SM-8/94-HN 

0 

0 
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BIOSCIENCE Ltd 
P.O. Box 3 
SF-33721 Tampere 
Finland 

SCREW Self reinforced (SR) 
PLLA Full thread 4.5 mrn 

Notice 

Outer ~ 4.5 mm 
Inner ~ 3.5 mm 

Use the 4.5 mm BIOFIX screw 
instruments when implanting 
this screw. 

·~ .. ,._ . 

4.9.1992 

Cat.Nr 224570 

Cat.Nr 224565 

60 
mm fjn:,:\\tl:\:•ltt=\tt\:\:\\\1 

Cat.Nr 224560 

Cat.Nr 224555 

50 mm Bl=t·\·,·l%·\-\:l\\:\:\:\~ 
Cat.Nr 224550 

45 mm ~aM~t:-='·~=·ll=-
cat .Nr 224·54~>· · 

40 mm t}·l·t\·~·---~~l·=l~ 
' . ;,~- ?.: i: -·· ;: ·;. 

Cat.Nr 224540 

35 mm ~.,.,.;,.:,"-,~-·t~ 
; . 

Cat.Nr 224535 

30 DID §l·•·-·••·•·=•• 
Cat.Nr 224530 

25 mm fjljlj~U) 

.l. :~1~~~~125 

:_ .. 
·~. :r: .. \-~~; 

' ·' 

_-.; .. ~;~,it : -::\{'!':;· ' . 
~· '.; ~'~ ·1.l;t ' 
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GENERAL 
The BIOF~ screw differs in design from the 
basic PO screw., The two deviations are the 
screw head anel the thread. Both of these 
features are exp!Oined 1:¥ totally dfferent ma
terial properties. It is much more e(Jgf to moke 
screws of metalS than of absorbable high
strength compoSites. 

OPERATING PRINCIPLES 
The operating principles follcNI verv much the 
ones of PO. Exact reduction is essential. This is 
done with the reduction clamps to keep the 
frac1ure in place and to prodJce the initial 
compression. The drill bit is chosen in OCCOid
ance with the diameter of the screw. Screw 
dia 4.5 mm = drill bit 3.5 mm and screw dla 
3.5 mm = drill bit 2.7 mm. 
The 4.5 mm screw is available in tllenglhs 
from 25 mm to 70 mm and the 3.5 scrfh/ is 
available in 9 lengths tram tl mm to 40 mm. 
After the drilling the ~tapping dEMce is 
used to malce the accurate thread'{it roost be 
observed that the profile of the ~ K:I6W 
is different from the PO screw). The ~t dia
metric size must be chosen. 

Now the BIOF!xe F-SCREWS can ~-used in two 
wc:J.(S. If it is decided to use 1he sctew head as 
additional support the BOF!xe ctUlterslnk is 
used in Older to make space for the screw 
head. If it is decided not to use the screw head 
or if the screw seems tQ be too Joog the cOun
ter sink is not useclbUt'lnstead tfie SCf6w is 
simply cut along the bbhe surtace'. The screw 
fragment must b& rerro.ied and disposed. 

it.._,, INDICATIONS 

/ 
"' Cutting 

line 

The 8/0F!x- F-screw can be easily cut with an 
oscillating sow. Do not cut by pressing. 

The BIOF!xe scr9N needs a rcrew driver of ifs 
C7.NI"'. It is important to use the right size since 
the serf!.~/ head sticks to the instn.rnent. If the 
reduction is done properly and if the driiHng 
and tapping are done In on accurate WC1f 
there should be no problems In inserting a 810-
Fixe screw. Since the torsion resistance is less 
than that of metal exho ottenHon should be 
paid not to use too nu:h torque when im
planflng the screw. The serf!.~/ driver is de
signed \Wh a special flsue at the top. It can 
be seen and felt in the hoods when the fissure 
opens. It this stage there Is a risk far screw 
heodbrecklge.lfthe~lsalready 
skXllle the screw can p!Opabt'{ be cut. If this is 
not the case the drllng and topping must be 
checked. 

If the screw breaks after al it can be cut and 
the left CN9fS ~Mathis a new chan
net can be died (also s!Dght through the 
old scrflt/ if neCesoy). 

The lag scrfltl principle can be adapted 1:¥ 
<MI!'-drillng the tn:vnenfal bone. HeM-eYer a 
90 degee angle is r~ed. 
'Mlen liglt osteoporosis is observed the tap
ping is not necessor¥ 

The BIOF~ F-serews are Intended for the Iiden a cooce11ous bone flacl\xes. osteotomies and arlhlodeseS. 
Generally the BIOF~ 4.5 mm F-screw can be odapeecl to lnclcotions where kJge IOds (4.5 and 3.2 mm) ere used. Marti of the snaiiiXIInclicotions 
are suitable for the~ 3.5 mm scr8'1t ~good resullscan be achieYed in the inclcollons of ankle flacl\xes. bonegiOfting oociCJ1hlocleses. 
BOF~ screws are ideal to be used as syndesmosis screws. 
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General 
In the area of cancellous bone the issue of compression has been discussed much. To define compression is difficult due to the nature of the 
semi hard cancellous bone tissue. It has been known for a long time that cancellous bone compression does not lost for very long and that too 
much compression may prevent blood from circulating which could lead to necrosis .. 

Operating Principles Indications 
The BIOF!xe l-screw differs in design and in 
function from the F-screw. The l-screw is con
structed topeate compr~ion between the 
fragment and the main bone. The l-screws ore 
available in dia 4.5 mm (lengt~s from 25 mm 
to 70 mmj and in dia 3.5 mm (lengths from 10 
mmto45mm). 

The BIOF/)(tl L-screws are intended faf 
afion of cancellous bone frocftxes. 
mies and arlhtodeses. 

The l-screw operating principles follow those 
of the F-screw with the exception that l-screw 
must not be cut since the screw head is the 
compression creating part of the screw. H must 
be observed that the torsion resistance is lower 
than that of metal which means that attention 
must be paid to the control of power used 
when implanting a BIOFIX® L-screw. 

,_811CREWS 
Special screw instruments are requifed for the BIOFJX® screws due to the design and construc
tion of the screw. The set of instruments consists of a screw driver. a counter sink tool and a 
tapping device. The instruments ore especially manufactured to fit the BIOF~ products with 
great accuracy. 

The BIOF!xe screw !nstnrnentation is manufactured of highest quality stainless steel and it 
con be cleaned ahd sterilized under normal hospital routines. 

There ore different sets tor different screw sizes. 

(.-

Plaster ot fOris or o~'i'nmobizallng support is required in all cases 
and the patient should sb{ in the holpitol!l'lfil capable to use crutches 
when the Jov.ter extremities a-e concerned. No weight bearing is CJIIo. 
wed during the fiiSt ttvee weeks babe the first control at the outpatient 
department. Max 30 kg load dl.ling the next 1\o.Q weeks and full load 

otter fllle weeks. After six weeb second control and removal of the 
plaster of ~ Conducted mobilization if required. ~ 
The latest experience is that in some cases immobilizating support can 
be-ood the early- can be slorled ~ 
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BIOFIX® -SCREW 

ABSORBABLE CANCELLOUS BONE FRACTURE FIXATION SCREW 

SURGICAL TECHNIQUES I 
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1. INTRODUCTION 

Absorbable BIOFIX®-screws• are intended for the 
fixation of cancellous bone fractures, osteotomies or 

arthrodeseis. 

The raw-material of BIOFIX®-screws is biodegradable 
(absorbable), tissue compatible polyglycolide which 
for many years has been applied as absorbable sutures 

(Dexon®)*'* all over the world. 

Absorbable BIOFIX®-screws are constructed of 
patented, self-reinforced polyglycolide (SR-PGA) 
composite material (Tormala et a/. 1987, Tormala et 

a/. 1988). A patented manufacturing process guaran
tees high initial mechanical strength and elastic modu
lus of screws which preserves a secure fixation in 
combination with a plaster cast. The screws lose their 
strength during 5-7 weeks in vivo. Within a corre
sponding period of time a fracture of cancellous bone 
can be considered as practically consolidated. 
BIOFIX®-screws are digested by cancellous bone 
tissue within l-2 years. 

Self-reinforced BIOFIX®-composite materials have 
been shown to be highly biocompatible in both animal 
and clinical evaluations (Vainionpiia 1987). 

BIOFIX®-screws correspond to standard bone drill 
sizes of 3.2 mm. The screw lengths between 25-
70 mm are available (25, 30, 35, 40, 45, 50, 55, 60, 65 
and 70 mm). A special thread geometry secures good 
fixation of the fracture. Figure I shows an example of 
BIOFIX®-screws. 

Figure 1. BIOF!x®-screw. 

BIOFIX8 -screws give to a patient an initially strong 
and gradually decreasing internal fixation of cancellous 
bone fracture, osteotomy or arthrodesis against loads 
originating from muscular activity or from external 
sources. 

.:BIOFI~. Ia a nlgiatered trademark of BIOSCIENCE Ltd 
' Oexon IS a registered trademark of American Cyanamid Company 

2. MATERIAL AND ITS PROPERTIES 

The initial shear strength of SR-PGA BIOFIX<•)-screws 
is 160 MPa and their bending strength is 250-
JOO MPa. These values exceed ca. 20 times the strength 
of cancellous bone and guarantee therefore the suf
ficient fixation which is still secured by means of a 
plaster cast. 

The screws gradually lose their mechanical strength in 

vivo during 5-7 weeks. 

The decline in strength of the screws as the healing 
fracture gains in strength counteracts the development 
of osteoporosis. 

When the BIOFIX®-screws have lost their mechanical 
strength, the breakdown becomes more rapid and 
degradation is complete in 1-2 years. 

3. STERILIZATION OF 
8IOFIX®-SCREWS 

BIOFIX®-screws are sterilized by ethylene oxide. 
Resterilization by any method is not allowed. Repeated 
gas sterilization (with ethylene oxide, formaldehyde 
etc.) or radiation (with a-, {3- or y-radiation etc.) causes 
degradation of the material. Chemical sterilization 
(with alcohol, desinfection chemicals etc.) may damage 
the structure of material. 

4. ADVANTAGES OF BIOFIX®-SCREWS 
IN FIXATION OF FRACTURES IN 
COMPARISON WITH METALLIC 
OSTEOSYNTHESIS 

The stiffness of BIOFIX®-screws is close to that 
of bone, decreasing the risk of development of 
osteoporosis and giving a natural isoelastic fix
ation. 
BIOFIX®-screws support the fracture the necess
ary period of time and degrade thereafter into 
small molecules which are totally metabolized. 
SINCE THE BI0FIX®-SCREWS ARE EN
TIRELY ABSORBABLE, IT IS NOT NECESS
ARY TO REMOVE THEM SURGICALLY. 
The risks of long-term complications are elimin
ated. 
Hospital costs/patient are reduced. 
The efficiency of the use of hospital personnel is 

increased. ~ 
Operation capacity can be shifted to other oper-

"'""'· wh;ch •ho'""' tho op"";on Hno.. ~ · 
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(a) (b) (c) 

Figure 3. Schematic pictures o_f fixation of ankle fractures with 8/0FI x® -screws: (a) a fracture of the lateral malleolus 
(a lateral view), (b) a bimal/eolar fracture (an anterior view), (c) a fracture of the metlial malleolus (a medial view). 

6.2.3. Postoperative treatment 

Stay in hospital until the patient can use crutches. 
Closure of the plaster is recommended before the dis
charge from the hospital. The first check-up at three 
weeks at outpatient department and start of partial 
weight bearing 15 to 30 kg. After 5 weeks full weight 
bearing is allowed. At 6 weeks the second check up. 
and the plaster discharged. Mobilization of the ankle 
will be started. 

In some patients a postoperative local fluid accumu
lation may develop in a primarily uneventfully healed 
wound typically 4-12 weeks after operation. The 

patients should be informed of the possibility of the 
fluid accumulation so, that they can contact the doctor 
if fluid accumulation is present. Usually the tissue 
reaction is small and painless, it should only be 
observed. If it is red, painful or more than 1.5 em in 
diameter, it should be treated by needle aspiration 
with 1.1 mm needle. Needle aspiration may be re
peated, if necessary. A few patients may form a sinus 
in spite of aspiration, and incision in such cases is 
recommended. The fluid is typically solid and yellow 
and there is usually no bacterial growth, and anti
bacterial drugs are needed only if the culture is posi
tive. This fluid accumulation does not influence the 
functional recovery. 

I~ 
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6.2.4. Examples 

@ Lateral malleolus (Figure'> 4h, •'l I) 

Figure 4A. Exposing the frar ru1, 4!1. Exact reduction with one or two clamps. 

Figure 4C. Drilling (Ohscrw· the do unn). 

Figure 4F. Tapping ll'ilh a 1pcunl lllfifJim.~ dcv1r c 

4D. !11easurinK the drill channel. 

41 The use ol cow11ersink. In order to avoid 

sinlong •hruugh the cmlc.\ manual use ol coun/ersink is 

ITt omnwnrled 
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h1~1nl' 4G. Douche of the dril!chmmrl (u1 I he removal of 

!ir.ue pieces of hone 

Figure 4I lnsertinK the scrr'w mlo rhc drill hole 

Fig tile 1/l. Inserting the screw into the screw driver. The 

scrn·<' 11 mwwf{Jctured of non-colored (beige) raw 

mmcnal 

1I The picture o( 1hc rcadvflxalion 

~) 
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@ Medial malleolus (hgu!l''> ',/\ ·;I' 

Figure 5A. Exposing and 

surfaces. 

l·lgure 5C. Drilling. Observe rfa d11r·r iloll 

1·/gure 5F. Tapptng. 

the fi·actun· Figure 'lB. !:.wet reduction. compression with clamps. 

5D. Measuring !he dri!lchannel. 

'iF lhc IIW' u( colmlcrsink. l>o no/ damage the 
antculrn wrfrtu'. 

9 
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Fiffure 5G. Douche of the dri!!chmuu I 

Fiffure 51. Cutting off the head of tft,· 1r reH 1\'Uh o .1aw, 

1[ necessary. One mm is recomnwmkrl .co hr !!'/I of the 

head above the cortex. 

6.2.5. Special comments 

* If the screw gets stuck bdo1e '' 1:. 1otally insencd, 
examine that I he reduction,~. c.xacl If so, turn the 

screw out and over-drill with ;: l 'i mm dnll and 

reuse the tapping device. Yuu can also cut th~: 

screw with a saw. Ir the ihre;eds oi the ~.crew are in 

the both cortices, you um ;nee pi ~ hr fixation. If 

the screw is broken and the flx;<IH>Il IS not suf

ficient, over-drill with a 1) mm d11ll ;:nd 1('\lSC I he 

tapping device. Insert a tH~w '•' r<:·v. 

* In some cases, when lh:: cortex 1:. thtck ;md very 

hard, it is better to drill duntly with a 3.5 rnm 

drill bit in order to reduce tht· fnctJ<m b,·tween the 
cortical bone and the screw 

Figl!rc 5/1. ftnerting the screw into the dri/1/wle. Notice 

the \CU't'•driw·r: when the small fissure at /Is tip seems 

to !wgm to open, the .fixation is firm enough and do not 

u.1c 11101 c forn· because you may damage rhc head of' the 

Figure ·• r Il11· picrure of the ready .flxarion 

* In ar ca.s, where the cortex is thin or the soft tissues 

ovn thr hone are scanty, the head of the screw 

can be cut partially or totally with a saw to avoid 

mccluul!cal. stress of subcutaneous tissue which 

nt;Jy lead 10 local nuid accumulation. 

* I ag :.new principle is possible with over-drilling, 

but vou must notice that then the direction of the 

dnll( hannd must be ncar 90 degrees against the 
ftacturc l1ne. 

* rr Yllll have difficulties with these screws, you are 

I! el' tu contact the authors at the Dept Orthop and 

lraum 111 Helsinki University Central Hospital, 

lopcliukscnbtu 5, SF-00260 Helsinki, Finland. 

l el '·'l/l 0-402 61. 
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Figure (J shows as an example 1 o! an ankle lracillle pn~opnatively and postoperatively. 

FiKUr£' 6. Radiograph of a fran Ul<' 11 11 lateral mal!colu.\ and of 

posterior triangle with th(' ruprw r· ,,f delwuf ligament· 

(A) Preoperative antero-posterior ( /') nro/1'UJOt1. 

(B) Preoperative lateral proJtCfiOII 

(C) AP-projection one yeor po.\'to{J<'rotn·l'h. 

(D) Lateral projection one veor po110f1<'1illlve!J 
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1. INTRODUCTION 

Biodegradable BIOFIX~Lrods* are intended for the 
fixation of cancellous bone fractures, osteotomies or 

arthrodeses. 

The BIOFIX®-device comprises 1-3 cylindrical, 
biodegradable composite rods (rods with diameters 
from 1.5 mm to 4.5 m~ are available). These are 
driven by an applicator (see Figure 2) in predrilled 
channels through the fracture to fix the fracture and 
prevent it from reopening. One or two additional 
biodegradable fixing sutures (Dexon "S" suture size I 
or 2) which is/are knotted over the fracture can be 
used to secure the fixation (TormaUi et a/. 1987(1)). 

Biodegradable BIOFIX®-rods are constructed of 
patented, self-reinforced polyglycolide composite 
material (Torma Hi et at. 1988( 1), Tormiilii et a/. 
1987(2)). A patented manufacturing process guarantees 
high initial mechanical strength and elastic modulus of 
rods which preserves a secure fixation in combination 
with a plaster cast. The rods lose their strength during 
30-50 days in vivo depending on the size of the rod 
(Tormala et a/. 1988(2)). Within a corresponding 
period of time a fracture of cancellous bone can be 
considered as practically consolidated. BIOFIX®-rods 
are digested by cancellous bone tissue within 6-12 
months. 

Self-reinforced BIOFIX®-composite rods have been 
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shown to be highly biocompatible in both animal and 
clinical evaluations (Vainionpiia 1987). 

The raw-material of BIOFIX8-fixation rods is bio
degradable (absorbable), tissue compatible poly
glycolide which for many years has been applied as 
absorbable sutures (Dexon®) all over the world. 

BIOFIX®-rods correspond to standard bone drill sizes 
(1.5 mm, 2.0 mm, 3.2 mm and 4.5 mm). The actual 
diameters of BIOFIX®-rods exceed somewhat those of 
standard bone drill sizes. This produces frictional 
forces when the rod is tapped into the drilled channel. 
If a blunt drill is used or the cancellous bone is porous 
or small fragments are fixed and therefore a strong 
fixation is not achieved, one or two additional bio
degradable fixing sutures (Dexon "S" suture, size I or 
2) which is (are) knotted over the fracture and function 
as tension band(s), can be used to secure the fixation. 

BIOFIX®-rods give to a patient an initially strong and 
gradually decreasing internal fixation of cancellous 
bone fracture, osteotomy or arthrodesis against shear 
loads originating from muscular activity or from 
external sources. 

2. MATERIALS AND THEIR PROPERTIES 

The shear strength of self-reinforced polyglycolide 
composite material is 180-200 MPa and its bending 

' ' ' ' ' 

4 5 6 7 

IMPLANTATION TIME (WEEKSl 

Figure I. Shear load carrying capacit .r BIOF/)(® · Y 01 -rods af/er 1mplan1ation in subcu/is of rabbits Rod sizes: ( J) 
1.5 x 50 mm. (2) 2.0 x 50 mm. (3) 3.2 x 50 mm. and (4) 4.5 x 50 mm. · . 

'BIOFIX" is a reQistered trademark of BIOSCIENCE Lid 5 
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strength is 300-350 MPa (depending on the rod size). 
These values exceed 20-30 times the strength of 
cancellous bone and guarantee therefore the sufficient 
fixation which is still secured by means of a plaster 
cast. 

Figure I shows as an example the shear load carrying 
capacity of different BIOFIX®-rods as a function of 
implantation time in the subcutis of rabbits (TormaHi 
et a/. 1988(2)). 

The bigger rods (diam. 3.2 mm and 4.5 mm) gradually 
lose their mechanical strength in vivo during 40-50 
days. Smaller rods (diam. 1.5 and 2.0 mm) lose their 
strength during ca 30 days. 

The decline in strength of the fixation device as the 
healing fracture gains in strength counteracts the devel
opment of osteoporosis. 

When the BIOFIX®-device has lost its mechanical 
strength, the breakdown becomes more rapid and 
degradation is complete in 6-12 months. 

3. STERILIZATION OF BIOFIX®
DEVICES 

Components of BIOFIX®-devices (rods and possible 
fixing sutures) are sterilized by ethylene oxide. Res
terilization by any method is not recommended. 
Repeated gas sterilization (with ethylene oxide, for
maldehyde etc.) or radiation (with a-, /3- or 
-y-radiation etc.) causes degradation of the material. 
Chemical sterilization (with alcohol, desinfection 
chemicals etc.) may damage the structure of material. 

4. ADVANTAGES OF BIOFIX® 
DEVICES IN FIXATION OF 
FRACTURES IN COMPARISON WITH 
METALLIC OSTEOSYNTHESIS 

-The stiffness of BIOFIX•-rods is close to that of 
bone, decreasing the risk of development of osteo
porosis and giving a ~tural isoelastic fixation. 

- Tissue irritation caused by metallic corrosion is 
eliminated. 

- BIOFIX®-device supports tbe fracture the necess
ary period of time and degrades thereafter into 
small molecules which are totally metabolized. 
SINCE THE BIOFIX•-DEVICE IS ENTIRELY 
ABSORBASLE,- IT IS NOT NECESSARY TO 
REMOVE IT SURGICALLY. 

- Hospital costs/patient are reduced. 
- The efficiency of the use of hospital personnel is 

increased. 

- Operation capacity can be shifted to other oper
ations, which shortens the operation lines. 

- The risks of patients and the need of sick-leave 
are/is decreased. 

The high shear load carrying capacity of BIOFIX®-rods 
prevents displacement of fragments. Friction between 
the biodegradable rod and the bone channel and swell
ing of the rod prevent the widening of the fracture 
line. Later, when material loses its strength the stresses 
are gradually transferred to the healing bone tissue 
thus diminishing the risk of the development of osteo
porosis. 

Disturbing implant prominences are avoided. In 
problematic regions, where subcutaneous tissue is 
scanty (e.g. in ankle), the risk of pressure necrosis and 
infection caused by metallic implants are decreased. 
The fixation with biodegradable rods through an ar
ticular surface is possible with a minimal damage. 

The removal of these biodegradable osteosynthesis 
devices is unnecessary resulting in human and econ
omic savings for the patient and the society and 
making it possible to use hospital resources to other 
operations. 

5. THE USE OF BIOFIX® 

BIOFIX®-rods are indicated for internal fixation of 
nonloaded cancellous bone fractures, osteotomies or 
arthrodeses. E.g. following fractures and/or oste
otomies can be treated by BIOFIX®: 

- Osteotomy of the coracoid process in Boytschev's 
procedure 

- Condylar fractures of the humerus 
-Fracture of the olecranon 
- Fractures of the radial head and neck 
- Delayed union and non-union of the scaphoid bone 
- Bennett's fracture 
- Fractures of the metacarpals and phalanges of the 

hand 

- Arthrodesis of the metacarpophalangeal or carpo-
metacarpal joint of the thumb 

- Marginal fractures of the patella 
- Osteochondritis dissecans of the knee 
- Condylar fractures of the femur or l\ibia 
- Repair of recurrent dislocation of the patella 

(Hauser technique) 

- Fractures of the ankle: Weber A orB type fracture, 
Weber C type fracture 

- Fracture of the posterior triangle of the tibia 
- Fracture of the talus 
- Chevron osteotomy for hallux valgus 
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6. CONTRAINDICATIONS 

The use of BIOFIX®-devices is contraindicated in the 
fractures of load bearing cortical bone. Likewise the 
equipment should not be used for the treatment of 
fractures in old (over 70 years of age) people. Severely 
comminuted and osteoporotic fractures are unsuitable 
to this method. The use of BIOFIXtD-rods in fixation 
of cancellous bone fractures of children is under exam
ination. The use of small BIOFIX®-rods (diameter 
1.5 mm) in fixation of epiphyseal fractures of children 
is under examination, too. Because of still insufficient 
clinical data the BIOFIXe-rods should not yet be 
used for treatment of fractures or osteotomies of 
children. 

More accurate information of contraindications, 
warnings and precautions is given in package insert of 
products. 

7. OPERATING PRINCIPLES 

7.1 Technique in general 

Spinal, intravenous or general anaesthesia can be 
used. A bloodless field is recommonded. After cleaning 
of fractured surfaces the reduction must be performed 
exactly. The fracture is compressed and fixed with a 
clamp. This is important because with rods it is not 
possible to compress the fractured surfaces as e.g. with 
lag screws. However, reduction can be maintained by 
fixation with rods. Friction between rod and bone 
channel is sufficient to keep bone fragments together. 
Reduction is secured using two diagonally placed 
rods. 

The reduced bone fragments are fixed with rods placed 
into standardized drill holes (bits 1.5 mm, 2.0 mm, 
3.2 mm or 4.5 mm in diameter). Careful drilling is im
portant because strength of fixation depends on the 
size of the hole and structure of the bone. The right 
starting ~oint of drilling can be secured with a drill 
point. Sliding of the drill bit and dilatation of the 
aperture is avoided by this means. It is not allowed to 
move the bit to and from during drilling. The position 
of the bone fragments must be the same all the time 
during the operation. The aperture of the drill hole 
must be clean of soft tissue before tapping in the rod. 
A special applicator must be used when tapping the 
rod into place. This facilitates tapping and prevents 
damage to the head of the rod. The applicator consists 
of a cylinder and of a shaft which fits into the cylinder. 
There is an applicator for each rod diameter. 

Figure 2 shows schematically in cross-sectional view 
the operating principles when one or two BIOFIX®
rods and possibly additional fixing suture(s) is (are) 
applied in internal fixation of a cancellous bone 
fracture. 

' 

l 
I 

I ~ c~=~<':IIJ!~' ~~~=:nUll i~ I 
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Figure 2. Operating principles with BIOFJ}{®-devices 

(a) 

(b) 

(C) 

(d) 

(e) 

(I) 

First the area around the fracture is exposed by the 
standard principles of bone surgery. Good reduction 
of the fracture (l) or osteotomy is needed and it is 
fixed with clamp(s). A suitable hole (2) is drilled 
through the fracture plane (Fig. 2a). BIOFIX®-rod (3) 
is inserted by hand into the hole (Fig. 2b). The 30-
70 mm long rod should sink 1 em in the hole. When 
the rod is pressed properly into the hole, push appli
cator cylinder (4) on the rod and press applicator shaft 
(5) to contact with the BIOFIX®-rod (Fig. 2c). Tap the 
applicator shaft into the cylinder so that the rod is 
forced totally into the drill hole (Fig. 2d). Two or 
more holes with fixing rods can be applied if necessary 
(depending on the nature and size of the fracture) (e.g. 

Fig. 2e). 

The rod can be tapped into the hole also directly with 
the applicator. In this case the rod is inserted firstly in 
the applicator cylinder. 

If an additional strength of fixation is needed bio
degradable fixing sutures (Dexon "S" sutures, size 1 
or 2) can be applied in the following way: Suitable 
holes (6) are drilled for fixing suture(s) (7) which is 
(are) knotted over the fracture (Fig. 2f). In most cases 
the use of fixing suture is not necessary. 

Postoperative radiographs are taken from two di
rections. If the fixation is good the wound is closed in 
two layers. Standard principles of othopaedics and 
traumatology are followed in reconstruction of the 

7 
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anatomic continuity of surronndin~: 1 tssues, such as 

periosteum, musde, Meticulous 

hemostasis and complete clw;urc over 

the implant are essential. At last 

cast is applied. 

, split plaster 

7.2 Osteotomy of the process m 
Boytschev's procedure (Figun: 1) 

The indication for ope1 at ion l\ r ccurrenl anterior 

dislocation of the humerus. Bdon" :H1 axial 
radiograph of glenohumeral 1~; l<ik(;n in order to 

visualize the coracoid pmces~.. ·\n antenm delto· 
pectoral approach is used. The ddto1d muscle is re· 

tracted laterally and the pectprak· m<,jor medially. A 

... 1 

~~~d~~•--~~~~ ''"l'''"' I 

a b 

dt<c;nnd wilh diameter of .1.2 mm and length of 30 mm 

is d1iilcd mto the coracoid process and an osteotomy 

1S with oscillating saw at a point about 

IS mm from its tip. The detached tip of the coracoid 

proce~s:\ and i.ts attached muscles (the short head of the 

lm·ep,, and the coracobrachialis muscle) are now 

p;!.<.scd through the created tunnel between the sub

muscle and the capsule and re-attached to 

the b:>..::e of coracoid temporarily with damp. A bio

rod (3.2 by 30 mm) is placed into channel 

and. fixation is seemed with a few absorbable sutures. 

Tile wound is dosed. 

Tltc a> m is immobilized in a "Velpeau" dressing for 

three week:,, after which physiotherapy with active 

c-xerc1c.e is commenced. 

c 

Figure 3. Boytschev's opera 111m rt'i wren! anterior dis!oconon of rhe humerus. Fixation of thl' coracoid process after 

osteotomy (a). Radiograph of the UJ.illary projection seen p: eopcralivr ly (h) and six months after osteotomy and 
fixation with one 3.2 by 30 mm WOFJX<:tJ.rod ((). 

7.3 Condylar fractures of the humerus 
(Figure 4) 

Fractured capitellum or later;ll is exposed by 
lateral approach. Medial (epi) is exposed me-
dially in front of sulcus of I he ulna! nerve. After exact 

reduction the fracture is fixed temporarily with a 

clamp if possible. A bone cham~.el )~ driilcd with the 

bit of 2.0 mm. DriH poim or hn can be left in drilled 

0 

channel to secure the pOSitiOn after measuring the 

lcng<h ol the channel. The rod is placed by using ap

plicator into the channel. If the rod is placed through 

<Hticular surface the end must be at the level of articu

lar cartilage. i -·· 3 rods are used when the bone frag

menl is great enough. Also the rod of 3.2 mm can be 
I!.Sed. 

The dbow is immobilized in plaster cast for 3 weeks. 
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Figure 4. fl"xation offracturt.\ of rht ,1/u ran on and capitellum humcn (a). Nadiograph of a displaced fracture of the 

humeral capitellum seen on adrm.1sion (h) ,md as healed one year afterfn.ution with two 2 hy 30 mm BIOFJX®-rods (c). 

Radiograph of a displaced fracture ol rhc olecranon seen on admusion (d) ond as healed one year after fixation with 

one 3.2 by 70 mm and one 3.2 h11 'JII mm WOF!X<'1-rod (e). 

7.4 Fracture of the olecranon ( 4) 

The fracture line must be at least l \ n:1;timetn from 

the tip of olecranon to have a f ragrnenl of st~ff1cient 

size. Patient lies in prone The olecranon is 

exposed by a longitudin<~.l dors;!l RediJction 

and fixation may be helped a 2 mm hole 

for the distal jaw of the clamp ch~·i'<:l lo the !racl.l!rc. 

The anatomy and directions of drilling must be 

assured after cleaning of surfaces ul franme Right 

directions of drilling are essenti::d Compression must 

extend to the articular side of fractu!t: when ruluction 

is perfect. This is achieved by ng the jaws of tbc: 

clamp into the drilled ho!c and IIi the lop ol olecra

non. Exact cortical reduction ensut c'' u1act ;l r w:ular 

reduction, too. Channel~ a!c dnllcd w1th bit of 

3.2 mm. Two rods of 3.2 mm <uc- nsed. !he first, 

50 mm in length, is directed to curon01d proce~s and 

the 70 mm in length, from the tip of olecra-

non through the ulnar cortex. The wound is closed. 

Th<~ dbow is immobilized in plaster cast for 3 weeks. 

7.5 Fractures of the radial head and neck 
(Figure 5) 

Tl1e indications for operation are a displacement of 

2 li'liT! or more of the fracture, and the size of the 

fragment om third or more of the articular surface. 

TIK rz.di.al head is exposed through a straight lateral 

incnsion !rom the lateral humeral epic:ondylus over the 

cen!et of the radial head while the elbow in 90 flexion. 

TlH: annular li.g;unent is severed. The displaced frag

ment is gently reduced with dissectors and held in right 

pos11ion by lingers. No clamps are needed. A 2 mm 

clnil- hok is rnadr perpendicular to the fracture surfaces. 

9 
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Figure 5. Fixation of margirw! {1-,luwe of the radial head (o) arw· of the nr'ck of the radius with a totally displaced 

radial head (b). Radiograph of a marginal fractun of the radial head seen in lateral and in anteroposterior 
view on admission (c--d) and 1.1.1 lu:-o!ed one year after fixation wlfh two 2 by 20 mm BJOF/X®-rods (e-j). Radiograph 

of a totally displaced the rad1a! neck seen on wirni.I.\IOn (g) and as healed one year after fixation with 
two 2 by 30 mm BlOF!X@>-rOih !lr) 

1() 
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The opposite side of the head the direction of the 

drilling in marginal fractures. One m two rods are 

needed. When comminuted, the unstabk fragments 

should be fixed separately. The v..-ound ts dosed. 

In subcapital fractures of the radiw. ;:.t least two oblique 

drillholes are made. These should noach the cortex of 

the distal fragment. The first driilhok: can be: seemed 

with a K-wire while drilling tht: oth:~r Finally the 

2 mm Biofix-rods are tapped in with the applicator. 

The top of the rod should be "' Ow articular C<lrtilage 

level not interfering with the bionH~chanics of the joint. 

The torn periosteum is sutured, whenever possible. The 

wound is dosed. 

The elbow is immobilized m cas[ for three 
weeks. Later on free mobilization i~ allowed. 

7.6 Delayed union and non-union of 
scaphoid bone (Figure 

A volar longitudinal incision k <1dial to the tendon of 

11exor carpi radialis is made. Tbi~ tendon is identified 

------ -- -- / I -·-· . -- I 

\ I 
b 

Figure 6. Fixation and bom· delayed union of the 

and reo-acted medially, and the radial artery laterally. 

The sc.3.phoidal fracture is exposed. Dead sclerotic 

bone and fibrous tissue between the fracture fragments 

arc exust(L After reduction and temporary fixation a 

charmd of 2 mm in diameter from tuberculum to the 

tir:, of scaphoid is drilled. in drilling the place of bone 

graft Jc• noticed. A drill is left into the scaphoid to 

secure the fir.ation. A rectangular slot is created using 

a dental drill, and a cortico-canceilous graft from the 

ih:Jc crest is fashioned and placed into the rectangular 

slot. The drill is removed and a rod is tapped into 

ch;mntl with applicator avoiding any separation of the 

abutting fragments. The wound is closed. 

·1 he p(•S!opr.rative management consists of immobil

tration with pla~ter cast for at least 6 weeks. 

c 

bone (a). Radiograph of non-union of a fracture 
of the scaphoid bone seen before intavention six month.\ afur trlwma (b) and as healed one year after fixation 
with one 2 by 25 mm l1IOFfJ{tP.>.ro(J and hone grafting (c) 

7.7 Bennett's fracture ( 

A curved incision is made on H1x V(1lar aspect of the 

abductor pollicis longus tendon liH:: CMC-joinl is 

exposed. Reduction is pet fonned !he retention is 

possible with a dissector A 2 m.m holt i>. drilled from 

the radial side of the distal fr;•.£~i~::lcnt thEough the: frac-

tun:e smfaccs centering the proximal fragment. A 

temporary K-wire -fixation is done and, if needed, 

;mother dri!lhole is made. The Biofix-rods are inserted 

with the applicator while supporting the fragme11t 

with the dissector. The wound is dosed. 

l'ostopenHive!y a plaster cast is held for S weeks. 

11 

lj 
0\ 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



h c 

Figure 7. Fixation of Benne I ( 1 iuH 1111, (a). Radwr,raph oj a d1:>pload Bennett's fracture seen on admission (b) and as 

healed six months after ji'xat1011 "nlr n·,.o 2 b I" "!5 mm BIOFIX'"' rod.\ (() 

7.8 Fractures of the metac;,, 
phalanges of the hand ( r 

Dorsolateral or dorsomedial nKtc>1ons are done, and 

the fracture is reduced and fixed with a clamp. A 

2 mm drill hole is directed pu t(l the frac· 

) 

a b 

tun: line and a BIOFIX®~rod is inserted. It is important 

to rn:d::c t.lle oblique drillhole carcfuly because a 

clwnm:l through the cortices is essential for proper 

f1xatirm The wound is closed. 

·r he pla~.te1 cast immobilization time is 4 weeks. 

c 

Figure 8. Fixation of diaphyseol (I o( wre the metacarpal bone Radiograph of a displaced diaphysealfracture of 

the second metacarpal hone .leNt otr admission (h) and thrn' monfhs rdier fiX(Jfion with one 2 hy 25 mm B!Of1X®-rod ((). 

7.9 Arthrodesis of the (metacarpophalangeal 
or) carpometacarpall joint thr thumb 

An incision is made along the radial aspect of the first 
metacarpal bone curving 

carpal joint. The abductor 

portion of the opponens 

to expose the joint. The 

<:!I the carpo-meta

brevis muscle and a 

muscle are reflected 

surface of the 
bones is excised with v,shaped resenion. An assistant 

holds the first metacarpal in <~bdvction and in the 

12 

concct rotational position with resected surfaces well 

Two crossed channels with diameter of 

2 mm are drilled from the first metacarpal bone to the 

trapezium and the drill is left into the first channel for 
temporary fixation. The channels are measured and 

rod~, with proper length are placed with applicator 
mto cbaoneb. Cancellous bone chips arc placed 

around the arthodesis" The wound is closed. 

·r he postoperative management consists of immo

hili;<ation in plaster cast for 8 weeks. 

I 
'II; i: 
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il 
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7JO. Marginal fracture 
(figure 9) 

lhe patel.La 

Marginal fractures of the patdl;.1 c;w be fixed with two 

or three 2 mm RIOFIX®-rods. Me•h;oi or lateral arthro-

a 

tomy 1~. done. The reduction is secured with a clamp. 

Thr holes should be drilled in different directions 

through the fracture surfaces to prevent redisplace

meiH. The wound is closed. 

l'la;;tcr Gl!,t nnmobilization for 4 weeks is needed. 

c 

Figure 9. Fixation of fracture of tht (a) Radiograph ol a rrwrginolf/·acture of the patella seen on admission (b) 
and six months after fixation 1vith rwo ) bv 30 mm BJOFJX(•)-rod1 (II' 

7.1 J. Osteochondritis 
(Figure 10) 

of the knee 

Medial or lateral approach is used with knee in 90 

degrees' flexion. The crater of' 1 he loose body is 

prepared by excising from ii all iibrous ti:;sue. The 

loose body is trimmed to lit the cr;Hcr, and 2--1 

\ 
I 

I 

) 
""-~~'"' 

a b 

lllipar;JIIcl channels of 2 mm in diameter are drilled, 

mrasmecl and rods with correct length are placed into 

the charmels to fix the loose body. The wound is 

closed 

The knee is not immobilized but weight-bearing is not 

st;uted until 6 weeks after operation. 

c 

Figure 10. Fixation of osteochondral /rugrnent rn ostrochondntis dt.necan.1 of the knee (a). Radiograph of the knee seen 
preoperatively (b) and one year a/iN {iMlflon with /wo 2 by 30 mm HlOFI X®-rods (c). Wl f 
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7.12. Condylar fractures of th~: temur and 
the tibia (Figure 11) 

Intr~Huticular fractures can be fixc:d i ram;anicularly 

with BIOFIX®-rods. Medial m lalnal arthrotomy is 

done while the knee is held in 90 fle:)•i1on 3.2 mm drill

holes arc done through the reduced fragment. Usually 

at least o111e rod has to be inserted the articular 

- ( 

a b 

d 

surface M;uginal tibial condylar fractures, if not 

comminuted, can be fixed with BIOFIXC'!Lrods instead 

of screws. A temporary clamp fixation is needed. The 

inscrW:\ !wo or three 4.5 mm rods perforate the op

po~i.tr t1bial cortex, otherwise the stability is not se

cun:d. The wound is closed. 

Tbe pl;;sttr cast immobilization time is 6 weeks. Full 

wf.ight-bearing is allowed at 12 weeks postoperaiively. 

c 

figure 11. Fixation offracturc ihe condyle (a)o of o di.lplacedfi·acture of the lateral condyle of 

the femur in lateral view and in lrmnel view 011 admission (b-e) onJ rfuee months a[lcr fixation with two 3.2 by 50 mm 
BIOFJX®-rods (d-e). 

7.13. Repair for recurrent u.t."'"'''·""'""J 
patella (Hauser 

Anteromedial approach t<- u~;txt 1'hc; dissection ts 
carried down to the tendon and the tibia! 

tuberosity. A channel of 3.2 mm in d1.ametcr in 

posterior and proximal direction ic: drilled to a block 

of the tibial tuberosity the attachment of 

the patellar tendon, which is removed afler drillmg. 

The bone block with patdhH !(·ndrm is placed to more 

14 

distal and medial position on tibia. A channel of 

12 mm in diameter is drilled through the drill hole of 

the block mto the posterior and proximal directio111 

carefully through the posterior cortex of the tibia. A 

rod (3.2 mm by 50 to 70 mm) is placed 

mto the: channel by using applicator. The wound is 
closed 

A wc.ll-padded cylinder cast is applied with the knee in 

~.light f1cxwn for 6 weeks. 

r 
I 
I 

/, 
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Figure I 2. Hauser's operation ji;r 1 ecurrcm pmelfm dislocation. FIXIWOn of the block of the patellar tendon insertion 

(af Radiograph of the knee .scen pu~opcratively (b) and one year postoperatively (cf The block of the patellar tendon 

insertion was fixed with one ,f5 

7.14. Fractures of the ankle 

The Weber A~C classification fOt ibt fracture types is 

used. The indications for the o~w1 ;:i iou arc the· same 

as for metallic fixation. Contn:indicalrons for the usc 

of RIOFIXC•) arc severe comminulJ<llt of the· fracture or 

marked osteoporosis. 

7.14.1. Weber A orB type fractun: of the ankle 

(Figure 13): Fracture of !he btual malleolus 

The fracture and the tip of the rmJiieolus arc exposed 

by a vertical straight incision. nw culaneous nerve 

and the peroneal sheaths <~,re pn':ScTvu! .. The f1 acture is 

anatomically reduced, no or displacement 

is allowed. The anterior tibiof[hulat ligament is 

examined and all soft-tissue uc elimin

ated. Retention with two clamps needed to cornpress 

the fragments during drilling and insening the rod. A 

4.5 or 3.2 mm hole is made from the: 1ip of the mal

leolus, just lateral to the peronr:il she~::th, centering it 

through the fracture surfaces and ftJlther through the 

anteriomedial cortex of the fdmli.' The length of the 

hole should be 60 or 70 mm. Th~"" B!Uf l X'"J-rod. 4.5 or 

3.2 mm by 70 mm is inserted by usmg the ;J.pphcator. 

If the hole is properly done, the n)d will perforate the 

proximal cortex when tapped to Hv: kvel of the mal.· 

leolar tip, and the fixation is si;<.b!<~ The excess of the 

rod ai the proximal part needs no fm1hcr aHnHiorL 

no prommence of the rod should be left to 

avmd the pressure against the subcutaneous tissue. 

The torn anterior tibiofibular ligament is sutured with 

(} Dcxon sutures. The wound is closed. 

The ankle 10: immobilized postoperatively in a below

the knee pla~:ter cast for 6 weeks. After removing the 

sutchcs and ;;pplying a new plaster cast partial weight

bearing 1s started at three weeks and full weight

bt:aring at four week postoperatively. 

7.1-1.2 Weber A or B type fracture of the ankle: 

Fracture of the medial malleolus 

Very small fl agments are not suitable for fixation with 

1 hi~ me thod Other indications and contraindications 

for the us~ of Biofix are discussed in the case of lateral 

nwll:eolw; fracture treatment. 

anteromedial incision is made. The medial 

joint :;urfo.ces are exposed. This ensures the exact re

dtHtion of the fragmena after careful cleaning of the 

fracture surfaces. One damp is needed to create com

p~:ession. One or two 3.2 mm drill-holes are done 

EKing smt that the joint is not entered. The opposite 

tib1al cortex can be penetrated. After insertion of the 

1od~. tlte torn periosteum is sutured over the fracture 

Jiflt I he wound is dosed. 

care in plaster cast takes place as in the 

ol lateral malleolus fracture treatment. 

1S 
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Figure 13. Fixation of {Jimallco/(fr frm turr of the ankle (a). R(ld/ogmph of a displaced bimalleolar fracture seen in 
anteroposterior and in lateral vie1v on admission (h-e) and as healed one l'i'(Jr after fixation using one 4.5 by 70 mm 
B!OfJX<rD-rod on the lateral sirk c<rl(/ one 3.} by 50 mm rod on 1he medwl side (d-e). 

7.14.3. Weber C type fracture oi tbe ankle (Figure 14): 

Proximal fracture of tiw film!<: with 1 mn distal 
tibiofibular syndesmo:;i:; 

Straight lateral and medial in.cii•;iom; are done. After 
correcting the possible of the fibula the 

corrected anatomy of the moHl:;;t· is seemed with a 
clamp. The deltoid ligament. is ~utmed being sure that 

no tissue interposition in the cavities i~; left. One 
3.2 mm drillhole is done frorn ~h,; !;Hcral side directing 
the drilling from the lateral rrual.ieo!us through the 
syndesmosis, about LS--~2 c:m to tbe tibiota· 

lar joint, proximally against the medial ~ibial cortex. 
All four cortices are penetr2~ed. A :L! mm by 50 mm 
or 70 mm BIOFlX®-rod is sure !hat the 

damp has kept the position of the bones exactly. 
Otherwise the insertion of the 110d rrmy be impossible 
The ruptured anterior tibiof::tml<:.r ligHnerH tS suturedo 

The wound is dosed. 

Postoperative care in plaster c;;:s( taokes place as in tbe 
case of Weber A and B typ(· fni:tturc:i 

7 .14.4. Weber C type fracture of the ankle: Oblique 
fracture of the distal f1bu!1;,, wliih rupture of the 
tibiofibular syndcsmo~J:; 

H. 

Jlic f r act urc is reduced and fixed temporarily with 

,OJamp;,o The fracture is fixed with l or 2 rods (diameter 
uf 2 mm) perpendicularly to the fracture line. A 
:,hort.cmng of the fibula is not accepted, Otherwise the 
n~.anagement should follow the above procedure of 

\Vebcr ('fracture (with proximal fracture of the fibula) 

t1n;tmc:nL 

f'he plaste1 cast is changed after 3 weeks when taking 

nff the stitches. Partial weight~bearing is then started 
;1nd full weight-bearing is allowed 4 weeks after the 

<•peratwrL rhc plaster cast is discarded 6 weeks afte1 
1 he opero.ticliL 

7 14.'i Fracture of the posterior triangle of the tibia 

The p1oceduro can be performed either from the 

e~ 1Jtenor 01 the posterior side. In anteromedial ap
proach the fracture is exposed by reflecting the capsule 

cwd periosteum and retracting the tendons of the tib
l<ilb posierior, flexor digitorum longus, and flexor 
hdluus longw; muscles together with the neuro

"''scular bundle posteriorly and medially. After re
duction the fragment of the posterior triangle is fixed 
w1th clamps. A channel of 3.2 mm in diameter is 
drilled from the hont to distal and posterior direction. 
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Figure 14. Fixation of severe lrimt,!/colar fracture of the ankle Radio,r;raph of a displaced severe ankle fracture 

seen in anteroposterior and i11 lateral vu·w on admission (b-e) and as licaluf one year after fixation with one 4.5 by 

70 mm BJOFJX®-rod on the laterai .1ide and two 3.2 by 50 mm rod1 111 the posterior triangle (d-e). 

A rod (3.2 by 50 mm) is placed the applicator 

into the channel and the dampc; ;nr n:moved after the 
fixation. 

In posterior approach a longitudillal im;ision is made 

along the lateral border of tl"w t1;m:lo Achillis. The 

tendo Achillis is retracted mcdi::dly The fragment of 

the posterior triangle should !x; ;md after 

reduction fixed with clamps. A dJ<Jr:mt:i of 3.2 mm in 

diameter is drilled from the posteom side in proximal 

and anterior direction through ihe ;~nteri.or cortex. 

The fragment is fixed with rod(s) and 

closure of the wound is perfomu:d. 

The plaster cast is changed aft<:! \ wetks when taking 

off the stitches. Partial weight-bearing is started then 

and full weight-bearing rs allowed 4 wer:ks after oper

ation. The plaster cast is discan:kd 6 vt:e:;eks aftrr oper
ation. 

7. l5. Fracture of the: talus (Figure 15) 

llw anterolateral approach gives excellent access to 

the: neck of the talus. A longitudinal incision anterior 

to the fibuli! across the talocrural joint level is made 

and carried distally 10 the navicular bone. The fascia 

and thf transverse crural ligaments are incised down 

to the perio:;teu rn of the tibia and the capsule of the 

ankJr JOint. rhe extensor tendons, the dorsalis pedis

artery, amd the deep peroneal nerve are retracted me-

and fracture of the talus is exposed. Reduction 

1s mcd by changing the position of the ankle 

and w11h the aid of a dissector. A temporary fixation 

i~, made wnh Kirschner wires or with clamp. Two 

chu11wls With diameter of 3.2 mm are drilled and rods 

(1 .1 mrn by 50 mrn) are driven in. The wound is 

closed 

The pmlopcrative management depends on the frac· 

tore~ type, irnmobilization with plaster cast is required 

fen 6 ·· 1.2 weeks. 
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Figure 15. Fixation offracturc of ihc wlw (a). Radiograph of a vcrw alfranure of the wlus seen on admission (b) and 

as healed one year after jix01io11 with IH'O 3. 2 by 50 mm BJOF1X''0·rods (c) 

7.16. Chevron osteotomy 
(Figure 16) 

valgus 

The indication for operation ~~. ~.ympiOnMtic varus 

malalignment of the first metat;w;<J! with hailux valgus 

deformity (the angle between Hw fast and the second 

metatarsal > 10 degrees). radiographs are 

taken. Medial approach is used and the capsule of 

joint is opened with a Y -shaped mcisiorL The exostosis 

is removed with an osteotome 01 oscillating saw. A 

V-shaped osteotomy with the 'up •.ll V pointing distally 

a 

IS in the cancellous, distal part of metatarsal 

hy oscillating saw. The distal fragment is now dis

placed 4 -··· :J mm laterally and held in this position by 

tile as~,i~;tenL A channel of 2 mm in diameter is drilled 

frClm the proximal fragment into the distal and lateral 

dn ect 1011 A rod (2 mm by 25-30 mm) is tapped into 

chanml to fix the osteotomy. The wound is dosed. 

h wcll~padded bandage is applied. Full weight-bearing 

ul t hr: heel and lateral part of pedis is allowed immedi

a1cly Full weight-bearing on the area of the osteotomy 

'' ·;taried 4 weeks after osteotomy. 

Hgure 16. Chevron osteotomy. F1 xatirm the metatarsal head (a). Radiograph with full weight bearing of a foot with 

moderate hallux valgus seen and one year ajfer Chevron osteotomy and fixation with one 2 by 
25 mm BIOFJX®-rod (c). The interrneratarsal angle has heNI correcredfrom !7 to 9 and the metatarsophalangeal angle 

from 40 to 18 degrees. 

1Q 
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8. CLINICAL EXPERIENCE WITH 
BIOFIX® 

In a prospective clinical study 44 patients with a dis
placed fracture of the ankle were randomly allocated 
to two groups; one was treated with conventional 
metallic implants and the other with biodegradable 
implants. There were no differences between the two 
groups in the early results (Rokkanen et al. 1985). 

56 patients with displaced malleolar fractures had 
open reduction and fixation of the fracture fragments 
using, by random selection, either biodegradable 
implants or metal AO plates and screws. The compli
cations, radiographic results and functional recovery 
were studied prospectively. After follow-up of at least 
one year, no significant differences emerged in the 
complication rate or in the results of treatment 
between the two methods of fixation (Bostman et a/. 
1987). 

In a prospective study 102 patients with displaced 
uni- or bimalleolar fractures of the ankle were managed 
using internal fixation by means of the biodegradable 
implants. The following results were achieved 
(Bostman et a/. 1988): 
-An anatomic initial reduction: 93 patients (91 %) 
-A slight secondary displacement: 4 patients (3.9 %) 
- A transient sinus formation without bacterial 

growth: 6 patients (5.9 %). 

At the one-year follow-up examination there was no 
change in the ability to participate in sports and other 
physical activities in 89 patients (87 %). 

Treatment of cancellous bone fractures, osteotomies 
or arthrodesis of 403 patients with BIOFIX®-rods 
between November 1984 and May 1987 gave the 
following results (Rokkanen et a/. 1987): 
- Uneventful postoperative course: 366 patients 

(91 %) 
- Reoperations: 5 patients (1.2 %) 

-Clinically insignificant secondary displacement: 12 
patients (2.9 %) 

-Superficial wound infection: 6 patients (1.4 %) 
- Transient sinus formation without bacterial growth: 

14 patients (3.4 %). 

Postoperative local fluid accumulation: 

In some patients a postoperative local fluid accumu
lation is developed in a primarily uneventfully healed 
wound typically 4-12 weeks after operation. This 
fluctuation may be accompanied by the redness of the 
skin and sometimes by pain. In such cases a puncture 
with a needle at least of 1.1 mm in diameter is per
formed. Bacterial culture of this aspirated fluid should 
be done. If any micro-organism is found, antibacterial 
treatment is started according to bacterial resistance, 

and a local incision should be done. If the bacterial 
culture is negative 1-3 punctures as a rule is enough 
for healing of fluid accumulation. 

An incision is another choice of treatment of fluid 
accumulation. Incision is recommended it the puncture 
does not yield cure and fluid accumulation continues. 
Bacterial culture and abovementioned treatment must 
be done also in case of incision. The drained fluid may 
contain remnants of the degrading implant. 

These minor draining procedures result in healing in a 
couple of weeks. This fluid accumulation does not 
have any influence on the radiographic result or 
fuctional recovery. 

If the fluid accumulation is not treated properly it 
may lead to a transient sinus formation in the wound. 

The incidence of this fluid accumulation has been 
approximately 6 per cent in the clinical use of Biofix 
polyglycolide composite rods (Rokkanen eta/. 1988). 

9. BIOFIX®-ROD SYSTEM 

The following rods are commercially available for 
clinical use: 

Rod diameter Rod length 

4.5mm 70 mm 
4.5mm 60mm 
4.5mm 50 mm 
4.5mm 40mm 

3.2mm 70 mm 
3.2mm 60mm 
3.2mm 50mm 
3.2mm 40mm 
3.2 mm 30mm 

2.0mm 70mm 
2.0mm 60mm 
2.0mm 50mm 
2.0mm 40mm 
2.0mm 30 mm 
2.0 mm 25 mm 
2.0 mm 20 mm 

1.5 mm 70 mm 
1.5 mm 60mm 
1.5 mm 50mm 
1.5 mm 40mm 
1.5mm 30mm 
1.5 mm 20mm 
1.5 mm IOmm 
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Self-Reinforced Absorbable Screws in the Fixation of 
Displaced Ankle Fractures: A Prospective CHnical Study 

of 152 Patients 

Esa K. Partio, Ole Bostman. Eero Hirvensalo, Seppo Vainionpaa, Kimmo Vihtonen, 
Hannu Patiiila, *Pertti Tormiila, and Pentti Rokkanen 

DeptJrtment of Orthopaedics and Traumatology. Htlsinki Univtrsity Ctntral Hospital, Htlsinki, and "Biomartrials 
Laboratory. Tamptre Univusiry of Technology, Tamptre, Finland 

s..a..ry: The series consisted of 152 patienu with aakle fractures treated 
between May 1987 and Aupst 1989 usin& ablorbable screws of self-reinforced 
polypyc:oli4c 3.4 mm in ianer diaaxter and 2S-70 mm in ~ncth- The mean 
follow-up time wu 2 years. 5 months (raJIF, I year, 7 months-3 years, 10 
moaths). After open reduction. a channel wu drilled throuJh the fracture 
surfaces and the frqments weR fiXed with one abaortlllble screw or screws. A 
plaster cast was used postapcrativdy. At 1-year follow-up observatioa. the 
radiop1aphical result wu matomical in 93.39(, of 104 pacienu with unimalleolar 
and bimalleolar ankle fractures (Weber A or 8) and in80.59(o of 41 seven: ankle 
fractures. Seven patienu wen: unavailable for follow-up observation. Two 
n:operatiolls wen: performed because of primary or secondary failure of fixa
tion. In all unimalleolas and bimalleolar fractures and in 95 .I 9(, of seven: ankle 
frac:tures the functional recovery score was at least satisfiiCtory. Sinus forma· 
tion as a sip of tissue reliCtion was observed in 10 patients ~ months post
operatively. but this did not influence the healin& of the fracture or the func· 
tional recovery. This report is the f.nt extensive publication on the clinical use 
of absorbable screws. Key Words: Ankle-Fracture-Absorbability-Bio
dcpdability-lmplant. 

Absorbable synthetic polymers have been in 
worlchride ute as sutures for 18 years and their 
physical ud drJemic:al properties are well ltnown 
(10,11.16). IIIMkiple experimental studies on ab
sort.lfle or putially biodepadable implants in or
~ IUl'l8l')' have been published in recent 

· yeus (1,6.1.12-14.16,17,19,21.31.37-39). 
Ablarti.We paiylacticle-pycolide copolymer rods 

(21), IMer Mlf-reinforccd polyJ(ycolide (SR-PGA) 
rods, have proved useful in fracture treatment (5. 

~- Atllli..- 5 I II ................... 10 Dr. t:. K. 
PlrliD • Dapa f/1 O!Uiopudlc• ud T~. Hel-
.u.ld Ulli¥a1ily Cntnll HospiW. Helsinki, Finland. 
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15,27). The results in the fucation of ankle fnaurcs 
have been similar COiqlel"ed to metallic fixation de
vices (3,21). The SJt-PGA and SR-poly-L-Iactide 
(SR-PLLA) screws were developed for clinical use 
(23,35). Later, semis with the same self-rciaforced 
structure possessilll the properties required for 
fracture fixation wet! man•lfactured also for exper
imental suqery (36), flowever, very few reports on 
the clinical applicatipo of absorbable screws have 
been published previously 'ud those series have 
been small, with sbcin foUG:w-up times (2,7,21). 
. Ia this (IIJIPOCdV!. study· the cliaical ud radio
~ reillllts of 1§ aDk1e fnaurcs '1realed with 
absQrbable;~ U:c presented . 
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IMPLANTS, PATIENTS AND 
SURGICAL TECHNIQUE 

lmplants 

The screws were manufactured (Biofix from Bio
science Ltd .. Tampere, Finland) of polyglycolide 
(raw material from Dexon suture. Davis & Geck. 
England) utilizing a method of partial sintering of 
the polyJiycolide fibers at a high temperature and 
pressure (35). The nominal inner diameter of the 
screws was 3.2 mm (true, 3.4 mm), the outer diam
eter was 4.5 mm, and the length, 25-70 mm. The 
thread seometry of the screws was pitch, 1.75 mm; 
pitch anale. llr; and side angle of thread on the tip 
side, S0-55", and on the head side, 10-15". The ini
tial bendins strensth of the SR-PGA screw was 300 
MPa. the shear strength 180 MPa, and the elastic 
modulus 10-15 GPa. The torsion strensth was at 
least 0.45 nm (0.45-0.70). The loss of strength of the 
screw was gradual, being at 6 weeks at the level of 
that of canceUous bone in vivo. Polyglycolide de
grades principally by hydrolysis and partially by an 
enzymatic process (16,26.31,38). Screws manufac
tured of a raw material with dye (green) were used 
at early operations. and later without dye. 

Patients 

From May 1987 to August 1989. fixation of dis
placed ankle fractures with absorbable screws was 
carried out in 152 patients, 82 male and 70 female. 
Patients with psychiatric disorders or alcoholism 
were excluded. The mean age was 36.6 years 
(ranse, 16-71). The mean weight of the patients was 
75.2 ka (50-118). There were nine trimalleolar, 46 
bimalleolar, and 53 lateral malleolar fractures with a 
rupture of tbe deltoid lipment. 27 lateral malleolar 
fractures without the rupture of the deltoid liga
ment, and 17 medial malleolar fractures in the se
ries. Moreover, a small fragment of posterior Irian
lie widKiut any need of fixation was observed in 35 
l*ieaU- Utilizina the Weber (40) classiftcation. the 
diltribulioll was A. 3; B. 113: and C. 36 fractures. 
All War C fractures and larae fractures of the 
posterior triansJe (more than one third of the artic
ular surfllce) were classified as severe anlde frac
tures. Preqpcratively, two patients ha4 arthrosis of 
the aalde. the displacement Or the frllplents was at 
least 2 mni (mean. 6 mm) in the series (2-35 mm). 
1)c iMications for operation in this study were oth
erwise the same as for internal fixation with metallic 

JOn,.. r-. Vol. 6. No.2. 19!12 

implants. All patients were operated on within 2 
days of the accident. The mean stay in the hospital 
was 2.9 days (1-23). A plaster cast was used post
operatively for 6 weeks except for three patients: 
two used a plaster cast for 3 weeks and one for 4 
weeks. 

The patients visited the outpatient department for 
clinical and radiological checkup at 3. 6. and 12 
weeks and at 6 and 12 months postoperatively and 
later if necessary. The mean follow-up time was 29 
months ( 19-46). The clinical and radiological results 
were analyzed recording the achieved reduction, 
healing of the fracture. complications. and radio
graphic and functional results. Postoperative dis
placement of the fixed fragment less than 2 mm was 
accepted as an insignificant displacement and 2 mm 
or more as a poor result. For the syndesmosis an 
insignificant displacement was defined as a widen
ing of the tibiofibular distance not more than 6 mm 
and a failure as more than 6 mm. The functional 
results were scored using the scale of Olerud and 
Molander (22) (Table 1). 

Surgical T echniquc 

We carried out all operations. with 148 (97.4%) 
performed by E.K.P. A bloodless field was used ~'Y 
ISO of 152 operations (98.7%). The fractures. ~ 
well as a ruptured syndesmosis if present. were re- ··
duced and compression was applied between the 
fragments using clamps to retain an exact reduc
tion. ln fractures of the lateral malleolus two screws 
were used in the early operations. and later only 
one (Fig. lA and 8). The drill used was 3.2 mm in 
diameter. The screws perforated both conices, ex
cept in the medial malleolus. For the fixation of 
small fragments. small absorbable rods 2 nun in di
ameter. were used in severely comminuted frac
tures as well. The lag-screw principle was used 
when necessary. A special screwdriver, tappins de
vice, and countersink were developed for suraical 
use of these screws (Fig. 2). Especially in the be
ginning. when the screws were all SO nun in lenatb. 
long screws were cut with a small oscillatins saw. 
Altogether. 276 SR-PGA screws were used (mean, 
1.6. or 1-4/patient, in unimalleolar and bimallcolar 
fractures and 2.5, or I-S/patient, in severe ankle 
fractures). ln 43 fractures SR-PGA screws without 
dye were used. Concomitant lifamentous if\jurics 
were sutured. A padded split plaster cast was ap
plied postoperatively. the patieJ!ls were allowed to 
move around on crutches from the 1st postopcra-

(9(kt .. 
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SELF-REINFORCED AJJSORB.A.BLL SCREWS IN ANKLE FRACTURES 

TABLE 1. FunctionDl outcom~ and radiographica/ ruulu 

Functional results 

Scoriat by Olcnad and Molander." no.(%) 
excellent 
JOOd 
fair 
poor 

Patients' subjective opinions.• no. (%) 

lood 
fair 
poor 

Spon activity.' no.(%) 
as carlict 
mild discomfort or ChaniC to 

licbter activity 
stopped 

Motion of the joint. mean (raJIIC). clcpccs 
Ocltioa" 
doniftcxioa• 

Mean duration of sic:k leave. days" 
~ piKcment results 

immediately postoperatively: no. (%) 
euct 
insipific:ant displacement 
poor result 

I yr postoperatively.' no. (%) 
cuct 
insipifu:ant displacement 
poor result 

PatiCDU with 
UDimalleolar and 
bimalleolar ankle 

fractures 

93 (89.6) 
II (10.4) 
0 (0) 
0 (0) 

105 (98.11 
2 (1.9) 
0 (0) 

94 (89.7) 

II (10.3) 
0 (0) 

51 (3'-61) 
18 (9-40) 
64 (~ISII 

99 (90.8) 
9 (8.3) 
I (0.9) 

97 (93.3) 
6 (5.8) 

I (0.91 

Patients wtth 
seven: &nklC' 

fractures 

36 (87.8) 
3 (7.3) 
I (2.4) 
I (2.4) 

41 (95 3) 
I (2.3) 
I (2.3) 

38 (88.4) 

3 (7 .0) 
2(0) 

49 (2G-60) 
18 (S-32) 
74 (14-2S8) 

38 (88.4) 
s (11.6) 
0(0.0) 

33 (80.S) 
6 (14.6) 
2 (4.9) 

• T ocal number of palients with Weber A or B llllldc fnctUI'CS was 104 and witb severe uklc fractures was 41. 
• T ocal number of palients wilh Weber A or B -*lc fncturcs was 107 and with severe Ulklc fractures was 43. 
• Tocal number of patients with Weber A orB llllldc fnctures was lOS and with severe Ulkle fractures was 43. 

2l/ 

Total %/no. 
of patients 

119.11129 
9.S/14 
0.7/1 
0.7/1 

97.3/146 
2.013 
0.7/1 

89.3/132 

9.3114 
1.312 

90.1/137 
9.2114 
0.711 

119.71130 
11.3/12 
2.013 

"Tocal number of patients with Weber A orB llllldc frachlrcs was lOS and with severe ukle fnctures was 38. Six patients were retired 
preoperatively. 

• Total number of patients wilh Weber A or B fractures was 109 Uld with severe Ulklc fractures was 43. 
I Total number of patients with Weber A orB fractures was 104 and with severe uklc fractures was 41. 

tive day. Partial weight bearina was allowed at 3 
weeks and full weiaht bearina S weeks postopera
tively. The plaster was discarded at 6 weeks. 

RESULTS 

Seven of the 152 patients were totally or partially 
unavailable for follow-up observation. Five cl these 
seven patients were contacted by telephone to ob
tain a rec:orcl of subjective results. Results are pre
sented in Table 2. The operatina time was 34 min 
(raJIIC, 9-IOS) in unimalleolar and bimalleolar frac
tures and 46 min (range, 1~125) in severe anltle 
fractures. 

CtiDicll FiDdinp 

Clillical and Flldiopapbical results are presented 
in Table I. The dlean fUnctional score in unimalle-

olar and bimalleolar fractures was 96.4 (range, 78-
100) and in severe ankle fractures, 94.3 (30-100) 
(maximum. 100). Dorsiflexion of the ankle joint was 
restricted s• or less, as compared with the ranae of 
dorsiflexion of the healthy side in five unimaiJeolar 
and bimalleolar fractures, and was restricted more 
than s• in two severe ankle fractures and one bimal
leolar fracture. Two patients with bimalleolar frac
tures and one with a severe ankle fracture had a 
minimal restriction in plantar flexion. One sianifi
cant restriction was observed in plantar Oexion in a 
patient with a severe ankle fracture. 

No displacements oftbe faxed frqments were de
tected OR the postopctative racilolf&phs ill 137 
(90.1%) of the 1S2 patients and nd'abnormaf~io
graphical findiqs in 130 (89.7%) of 145 of the pa-

J OnltDp Tra...,., VIII. 6, No. 2. 1991 
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I TABLE 2. TM alllcl~ scor~ modifi~d of IM sc~ of 

FIG. 1. ~ 11e1ra1 view (A) of the fixation of lateral 
lllllleoll and --....c emeropostertor view (8) of the fixa
tion of 1 blrndeollr llllde fracture with lbtortllble .crews. 

tients at the 1-year checkup. Two cases with sliaht 
arthrosis and two with insignificant talar tiltina were 
observed at the 1-year checkup. At I year, two pa
tients bad a poor result without any need of reop
eratioa, one of them immediately postoperatively. 

I 

,., .. Tile .... t:•IJ IIIM .. nfolcecl polyglycollde -· 
.......,.._, coui*'liolk. IIICIIPIIdal gpping device. 
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An insipificant displacement improved to ana
tomic by remodellina in 1 year in seven patients, 
and the position of the frqments was insipifJC&ntly 
displaced durin& the healina in the other seven pa
tients. Eilbt iasipificant and one sipificant post
operative displacement were in the same position as 
after faxation. 

Complicadoas 

The complications enc:ouatered in 1071ess severe ' 
unimalleolar and bimallcolar fractures were one 
deep iafection (0.99&), one suf,erficial infection 
(0.99&), one deep venoUs thrOmbosis (0.,.), one 
~~se of ·poor ..Suction (0.,.) and 
one because· of perOneal tendinitis (0.95), one 
stress frJcture ..... the dis~ tibia a half year postop
eratively afier'heavy Physical activity (0.99&), and 

0 
j 
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one Sudecks atrophy (0.9%). In the 43 severe ankle 
fTactures there was one deep infection (2.3%), one 
superficial infection (2.3%), two deep venous 
thromboses (4.7%). and one reoperation because of 
failure of fixation (2.3%). 

The minor but hannful side effect of this method 
is the transient tissue reaction causing fluid accu
mulation. In the beginning of this study this was 
always aspirated with a needle, and later only if it 
was painful or if there was a diameter of more than 
10 mm. to avoid a sinus formation. The bacterial 
culture of this aspirate was always negative and its 
pH was between 7.65-8.00 (mean, 7 .88. analyzed in 
four patients). Cytological analysis revealed a non
specific reaction to the foreign material. Altogether 
there were 10 sinus reactions in the series. Nine 
(8.4%) of them occurred in the early 107 operations 
when using screws made of raw material with dye, 
as compared to one (2.3%) in 43 patients treated 
with screws without dye. 

DISCUSSION 

Displaced ankle fractures are treated by internal 
fixation to achieve anatomic reduction and union 
(20,25). Although fixation with metallic devices has 
proved successful, it does have some disadvan
tages. Foremost of these is the need for a second 
surgical procedure for metal removal after fracture 
healing. Stiff metallic fixation devices may also 
cause osteoporosis beneath the fixation material 
(33,41) or damage the blood supply beneath the 
plate (24). The flexible fixation of the tibiofibular 
syndesmosis has proven successful in biomechani
cal testing and clinical practice (32). 

Encouraged by good clinical results with cylindri
cal rods of polyglycolide since November 1984 (5. 
15,27 ,28), we further have developed absorbable 
self-reinforced screws for clinical use. A few re
ports on the use of poly-L-Iactide (PLA) screws 
and plates or polydiaksanone (PDS) screws in zygo
matic or ankle fractures in a limited number of pa
tients have been published. It appears that the prin
cipal problem is the strength of the screw (2,7). So 
far. our SR-PGA screws show the highest initial 
strength values reported for absorbable screws. The 
elasticity of the implants used in this study is almost 
that of bone. Thus the implant allows normal stress 
initially and gradually increasing stress with healing 
of the bone. 

The end results in this ~ries. i.e., radiographical 
results and the functional recovery achieved, did 
not differ from the results of comparable fractures 

treated with metallic fiXation devices (18,25). More
over, the remodelling of bone is possible when us
ing more elastic and gradually strength-loosening 
absorbable implants during healing. Although there 
were two failures in the series of severe ankle frac
tures, one of them needing reoperauon. with further 
development of SR-PGA screws and SR-PLLA 
screws with longer strength retention it may be pos
sible to widen the indications for absorbable fixa
tion of fractures. 

We used a plaster cast postoperatively. This has 
been a disadvantage of the method in the opinion of 
some surgeons. However, in two recent random
ized studies 6-week plaster immobilization of the 
ankle joint caused only a minor transient increased 
morbidity as compared with early mobilization 
(9,34). The plaster cast can probably be avoided 
when using absorbable screws in the fixation of an
kle fractures and a trial of early mobilization of an
kle fractures treated with absorbable screws is cur
rently under way. 

Fluid accumulation as a sign of transient tissue 
reaction is easily cured by aspiration or incision to 
avoid sinus formation, which is known to occur 
with absorbable sutures (3,11). This reaction did not 
influence union of the fracture or functional recov
ery. The reaction is not an infection and antibiotics 
are recommended only if bacterial culture is posi
tive. Nor is it an immunological reaction (30). Ad
ditionally. the incidence of the reaction had de
creased during the study when using SR-PGA 
screws made of colorless raw material in the later 
operations. However. all foreign materials, even 
metallic implants, may cause a tissue reaction (29). 

The implants used in this study are not visible in 
the radiographs, but the drill channel is usually vis
ible (Fig. 3). In some patients the drill channel is 
visible at I year. but in others it seems to be closed 
by new bone formation before I year. This phenom
enon may depend on the individual's ability to bio
degrade polyglycolide implants. 

In this series we used absorbable screws 4.5 mm 
in outer diameter. a size relatively large compared 
to the metallic screws usually used in the fixation of · 
the lateral malleolus. Although there were no prob
lems with these screws. it may be better to use ab
sorbable screws 3.5 mm in outer diameter, which 
are now available. The use of one screw in the fix
ation of the lateral malleolus is possible if the re
duction is exact and the screw is not directed per
pendicularly to the fracture line. This will avoid ro
tation of the fragment around the screw. This 
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B c D 

FIG. :a. ~r and lateral radiographs of a blmalleolar fractura (Weber B type) preoperatively (A, 8) and 1 year 
poetoperatMfy (C. D). 

technique is simple compared to the use of a plate 
and screws in the fiXation of the lateral malleolus, 
and multiple drill holes in the lateral malleolus will 
be avoided. The operating times were rather low in 
this series as the operative technique is simple and 
few implants are used for fixation. The other reason 
is that the operations were performed by a surgeon 
who was familiar with these implants. We favor 
such techniques of internal fixation, where the use 
of foreign material is kept to a minimum. 

Within a 6-year period 700 hardware removals 
were avoided by using absorbable fixation devices 
in our department (4). When calculating the costs of 
the absorbable fixation devices with today's prices 
($121 for one screw) the average costs are $221 per 
ankle fracture in this series. The average cost of 
metallic devices needed in the flXation of compara
ble ankle fractures is approximately $92 per ankle 
fracture. Althoup the initial price of absorbable 
screws is hiaher, the removal of metals will be 
avoided. The cost of the removal procedure per
fonned at our outpatient department is $437. The 
duration of sick leave after removal is 10 days on 
averqe, or $656 per removal, not includina the out
patient sui'Jical charJe. The main benefit of the use 
of absorbable implants in bone surgery is the avoid
ance of a removal procedure with its psychoiOJical 
and economic advantqes. The results of this study 
showed that absorbable screws can be used suc
cessfully in the fixation of ankle fractures. 

~ledpaau: This investiption was supponcd by 
crants from the Ac:ademy of Finland. the Foundation of 
OnhoPIIcdics and Traumaiolocy in Finland. The Paulo 
Foundation, and the Finnish Parliament. 
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Fixation with Bioabsorbable Screws 
for the Treatment of Fractures of the Ankle* 

BY ROBERT W. BUOIOlZ. MD.t. DALLAS. TEXAS. STEPHEN HENRY. M.D.*. LOUISVILLE. KENTUCKY. 

AND M. BRADFORD HENLEY. MD.I. SEATil.E. WASHINGTON 

Jnvtsrigation performed ar Parkllllul MemotW HospiJJIJ, DtzJlG; Columbiti·Univmiry of Louisville Hospiflll. Louisville: 
IINl Harborview Medictll Center. SetzttJe 

ABSTRACI': One hundred aad llfty-five patients 
wbo luld a dosed, displaced medial IUieolar, bimaJ. 
leolar, or trimaUeolar fracture of the ankle were IIWl· 

aged with medial malleolar flutioa with use of eitber 
4.8-miUimeter orientruded polylactWe screws (eipty· 
three patients, study group) or ~er stainless· 

) steel screws (seventy-two patients, control group). AU 
lateral maUeolar fractures were stabilized· with stand
ard metaiUc implants. 

At an average of thirty-seven IIIOidbs (raqe, twenty· 
one to fifty-nine months), tbe radiDPiflllic a.d fuaction· 
al results in the two gronps were eqaitJde•. Dlrerences 
between the two groups with nprd to the rates of 
operative and postoperative co.,lc.lie• were aot sta· 
tisticaUy sipifkant. Late ..., ..... * ' 1e of the 
hydrolyzed polylac:tide was aot ..... ina a.y padeat in 
the study pup. 1be pre~ elllle tcademess over 
the medial naaUeolar ....... W8l ..... ina die Jllldeats 
in whom the fracture· had beea lttl ••d with polylac-

• Although none of the authors have rec:eiYed or wiU receive 
benefits for personal or professioaal 111e froiD a COIIIIDercial pany 
related directly or indirectly to the IUbjllct of dlis utide, benefits 
have been or will be received but, are dinc:ted IOiely to a research 
fund. foundation. educational illllitutio&. • Oilier -.profit orpni
zatiorr:wilh wfiidl bne or more of tbe ....._.are -.c:iatecl. FlUids 
were recj=ived in f.Otal or panial support of tile l'eleiU'da or clinical 
study pre~nted in this anicle. The fuadiaasource wu Johnson and 
Johnson Onhopaedics. 

tOejiinmem of Orthopaedic: SUI'JIIY. Uniwnitv of Texas South
western ~edical School, 53::!3 Harry HiDes ~. Dallas. Texas 
75235-8883. 

*Depanmerit of Onhopaedil: Suraery. University of Louisville 
School of Medicine.· 530: South Jackson Street. Louisville. Kentucky 
40201. 

· l~panment of Ottbopaedic: SIII'JCfY. University of Wuhing-
ton School of Medicine~ P:O. Bdx 298940. 32S 9th Avenue. Seattle. 
Washin~ton 98104. 

tide screwL We coadude that polylactide screws are a 
safe aad effedive alteraative to saaialess-steel screws for 
the fisation or displaced medial malleolar fractures. 

A common problem following open reduction and 
internal fetation of fractures is pain over prominent me
tallic implants. Such tenderness is most frequent when 
subcutaneous implants are used to stabilize fractures of 
osseous prominences such as the medial malleolus. lat
eral malleolus. olecranon. femoral condyles. and greater 
trochanter. Chronic discomfon may necessitate elective 
removal of the hardware after fracture-healing. This 
complication of the use of metallic implants has stimu
lated investigation into the application of bioabsorbable 
screws for tbe treatment of such fractures. A variety 
of different polyester materials. similar to those widely 
used for sutures. have been fabricated into rods or 
screws and tested. 

The purpose of this prospective. randomized study 
was to test the safety and efficacy of polylactide screws 
for the fixation of displaced malleolar fractures of the 
ankle. 

Materials aad Methods 

One hundred and sixty-nine consecutive .adult pa-. 
tients who had a dosed, displaced medial maUeolar. 
bimaDeolar. or trimalleolar fracture necessitating open 
reduction and internal fetation were entered into the 
study. The patients were managed between 1988 and 
1991 at one of three trauma centers: Parkland Memo
rial Hospital in Dallas. Texas: Columbia-University of 
Louisville Hospital in Louisville, Kentucky; or Harbor
view Medical Center in Seattle. Washington. All patients 
were randomized into either a study group (polylactide 
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:He; 1-·A FIG. H'l 

Figs. l-A through 1-D:Amerofi'J:~:!{·rnm ~.~~d [;!tlentl radiographs of a wo!U«Jl who h~:d a di.spl;:ced bi.miiilleol:u fn~cture al the age of thiny-five 

years. . . . . bT d . h 
Figs. 1-A and 1-B: The rm:dia! malleollia:> was fJ.xed wtth lWo 4.()..rrulhrrwter j'rolyhcndec screw~ whtle the lateral ma!lo::olus was Sill 1 I.Ze wu 

an imerfragmentalscrew aw:i ill om,·v.hin:lwtm!ar p!a1e. 

screws) or a control group screws) on the 
basis of the date (odd or of the injury. The study 
protocol was approved by the: re!ipeclive institutional 
review boards of the hospitals and was monitored by the 
Food and Drug Admini.stn~dicn Piitients who had a non
displaced fracture, an open a large open wound 
about the ankle. a fn:acw:n: wi:~h ;; very small medial 
malleolar fragment that was ~mt 2,menabk to fixation 
with screws. or an unstable ir<icttxre of the ankle with a 
mpture of the deltoid lig3.ment were not entered into 
the study. The indications for open reduction and inter·' 
nal fixation included any medial. mal.leolar, bimallcolar, 
or trimalleolar frac~ure with s;u:ific!.ent rn,seom; and soft
tissue disruption that disp!sK:emem of the talus of more 
than one to two millimeten '<vs~ evidem on ~he diagnos~ 
tic radiographs. All isol21ted medial malleolar fractures 
had at least a two·miHi:meter !';1-!.p between the major 
fracture fragments, 

After stabiliution of tht- pa;tknt and assessment of 
all associated injuries, open red~Klion and internal fix
ation of the fracture of !he :ankle was pertormed as 
soon as possible. with ust: of standard medial and !at
era! incisions. Lateral m11.Hc~olar fracture~ were stabi. 
li:z:ed either with a one-third tub:.~lar pbte or a dynamic 
compression plate after open reductmn. The medial 
maHeolar fragment wa~ then H~duced z.nd stabHized 
with either 4.0-miHimetel stainless-steel cancellous
bone screws or 4.0~millimei.n orient:ruded polylacbde 

<:1 '. bioabsorbable screws (Figs. l·A and 1-B ). Any larg ~. \. }, 
po!hterior malleolar fragments were fixed similarly with -
polyl.actide screws. Orientrusion is a manufacturing 
pnx:ess by which the polyiactide polymeric chains are 
al.igm~d in a parallel fashion. enhancing the strength of 
i.he materiaL The design of the partially threaded poiy
lact~de st"Tews w~s identical to that of AO screws de
signed for u.se in cancellous bone. except that the 
polyiactkie screws had a slightly enlarged head with a 
cru.t~iate design and a !>lightly larger~diameter shanlc 
Both the AO stainl.ess-steei and the polylactide screws 
a.Hnwed for interfragmental compression of the medial 
m<JBeo!u§. 

Star~dard AO technique and a 2.5~millimeter drill-bit 
were U!Sed for the insertion of the stainless~steel screw:;, 
A11: auempt was made to insert two parallel screws that 
were forty to fifty-five millimeters in length. Sufficient 
torqlle was placed on the screws to allow for inter
fr~~Mem.ai compression of the medial malleolus with the 
underlying tibia. A 32~miHimeter drill-bit was used for 
in:sertion of the bioabsorbable screws. The entire length 
of the drill-hole was tapped with use of a 4.0~millimeter 
tllp. The screws were then inserted with use of a torque
!.imiting screwdriver, designed to prevent inadvertent 
!:nre~kage of the shank or head of the screw during inser
tto~. The screwdriver allowed for tmques of a5 high a{. 
0.45 ± il05 l]eW1on-meter (4 ± OA inch-pounds) of for~
to be applied to the head of the polylactide screw. Inter~ 
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J'J(, ) ! FIG. l-D 

At the thr<et>vear follow-up evaluauorL thnt w;,s comp!r;te beating and rem;-yJdmg of the media~! and lateral malleolar fracllm:s. The outline 
of the radioluc~nt polylactide screws in tht rned><d rn<JI!eolus t5 defmed bv ~rim of tbickemcd bone. The patient had returned loa normal level 

of function. 

fragmental compression was the m il.!l patlcnts. 
All patients were managt::d \Vlth nther a cast or a 

brace several days after t.he operaoon The choice of 
postoperative immobilization was ldl to the d)scret!on 
of the surgeon. The patients were mstructed 10 use toe
touch weight-bearing for six wed;~. followed bv pro .. 
gressive weight-bearing. 

The clinical and radiographic evaluations 
were at two weeks. six weeks. three rmml.hs, sLx months. 
one year, two years. three yean,. four year:,. and five 
vears after the operation. A delaAled questionnaue was 
completed at each follow-up vis!!. and the ankle score 
(based on pain. stiffness. swelling :;t<m-dimbmg. run
ning. jumping. squatting. and acuvmes of daily living) 
was calculated according to the dr1~s•fic;Hion of Olt:rud 
and Molander"'". Fourteen (eight in the study 
group and six in the comro! group) w~;;:re !os:t to follow
up before the fracture united. however. no complica~ 
tiom; were evident in these pat!erm al 1he time of the 
las! visit to the clinic. The dmalion of foliow-!!p for the 
155 remaining patients ( e1ghtv three m the study group 
and seventy-two in the contml group) ranged from 
twenty .. one to fifty-nine month~ 1 ;,vex age .. lhmy .. seven 
momhs). 

Statistical compari§on of the and comrol 
groups and of the results wa:, an:omp!ished with use 
of the t test for all parameter:. e;;;ncpl for !enderness at 
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the rnost recent evaluation. which was analyzed with use 
of th~ chi-square test. The level of significance was::;; 0.05. 

Res!.Jiiis 

The demographic data and injuries of the study and 
control groups were similar. The average age of the pa
tients who were managed with polylactide screws was 
forty years and that of the control-group patients was 
thirty· nine yeafSo There were thirty-seven men and forty
six women in the study group and thirty-four men and 
thirty-eight women in the cormol group. The fracture 
patterY!S. acs d;:;ssified by the system of Weber•=. were 
similar. l!.nd the two groups had similar proportions of 
medi.a.l malleolar. bimalleolar. and trimalleolar frac
tures (eighteen medial malleolar. forty-six bimalleolar. 
and nineteen tiimalleolar fractures in the study group, 
compared with twelve medial malleolar, thirty-nine bi
malkolaur. and twenty-one trimalleolar fractures in the 
cmmol group). The amount of initial displacement of the 
lracHlre~ as judged on the diagnostic radiographs. was 
simi !in in the two groups. TI1e amount of lateral displace
menr of ihe t<llus on the distal part of the tibia ranged 
from two w forty millimeters (average, five millimeters) 
m thi<! sn1dy gvoup, compared with two to twenty milli
meters (average, fom millimeters) in the control group. 

The rmmb:r.r of screws used for fixation of the me
dial t.nallr::oiar fragment was similar in the two groupso 
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tudy ... _ .. oa1 e poup). In one patient in each group. operati,·e ~e-
In the s poup, tweaty-five patieats .._.. y oa brideiJICDt. reiDOftl of the implant. and therapy wnh 
screw: fifty-two patieau, two tcrewS; aDd six padeDu. --.. "biotics led tO cndic:atioa of the infection. One pa
three saews. In the coatrol JI"CMMP. tea patieats bad one -
screw;fifty-sixpatienU.twoscmn;uadsixpalieDts.tbree tiellt in the c:oauol poup who bad poorly controlled ,-....,.. . 
screws. Postoperative immabi .. Uaa was ac:bieved with diabetes bid a brelkdown of the medial wound. approx- \ . 1 
use of a cast or braa; in 1 similar pm:.entqe of patients imaaely four weeks after the operation. After radical 
in each JI'OUP· cYbridemeDt ud.sablequeat use of a free muscle flap. 

With. the oumben available, we could DOt detect 1 au arduodelis of the aDkJe was performed. Dine months 
significant differeD betweetl the avel1tiC operative after tbe injury. No evidence of residual infection was 
times for the two groups (p = 0.85, t t.). Que poly- noted at the latest follow-up visit. 
lactide saew broke dwing ialertioo and was left in None of the ei&hty-three ·patients in the study group 
siru without any sequelae. Two patients (one in each bad uy late spontaneous drainage of hydrolyz~ poly
group) had minor sensory c:haaFs postoperatively~ sec- lactide from the implanted screws. 
ondary to an intraoperative neural injury. Both patients Functional Results 
reported numbness along the distribution of the sural 
nerve secondary to intraoperative retraction and injury 
of the nerve. No other notable intraoperative complica
tions occurred in either group. 

FractUre-Healing 

Union (defined as complete obliteration of the frac
ture line) of the medial malleolar fragment (Fip. 1-C 
and 1-D) occurred in all but two patients in the study 
group. One of the two patients had been operated on 
through an extensile approach. which resulted in non
union of the medial and lateral malleoli and osteone
crosis of the tibial plafond. Fourteen months after the 
injury, an arthrodesis of the aotle was performed. The 
second patient, who bad a traumatic quadriparesis from 
an injury to the cervical spine in addition to the fracture 
of the ankle, had a non-union of the medial malleolus 
fourteen months after fixation with a sinJle polylactide 
screw, necessitating repeat fixation and bone-grafting. 
The remaining patients in the study group bad radio
graphic union at an average of 3.1 months (range, three 
to seven months). The patients in the control group bad 
complete healing at an average of 3.5 months (range, 
three to six months). The operative reduction was main
tained with no more than two millimeters of displace
ment in all patients. 

Complicarions 

Complications included postoperative phlebitis in 
one patient in the study group, post-traumatic osteo
artbrosis in four patients (one in the stUdy group and 
three in the control sroup ). two skin sloughs (one in 
each group), and DiM·Wouad ·iafeetioos. Of tbe Dine 
wound infectioDS; six (five'in the study poup ud one in 
the control group)iinYOived the latera,l malleolus only 
and were treated .with standard methods, including 
debridement, open care of the wound, administration of 
antibiotics. or a combination of these methods. The lat
eral plate was removed from two patients. None of the 
infections of the lateral rilaUeolus invOlved the medial 
malleolar wound. · 

There were three isolated infectiOns of the medial 
wound (one in the study group and two in the control 

The functional results in the two groups of patients 
were comparable. At the latest follow-~p visit. an aver
age of 3 to 4 degrees of dorsiflexion and 10 to 12 degrees 
of plutar flexion of the ankle had been lost on the 
affected side compared with the contralateral side in 
both sroups. With the numbers available. we could not 
detect a significant difference between the two groups 
with respect to the ability to walk (p = 0.95). run (p = 
0.14), jump (p = 0.27), or climb stairs (p = 0.13). The 
average ankle score at the one-year follow-up evalua
tion was 83 points for the patients in the study group, 
compared with 79 points for the patients in the control 
group (p = 0.13, t test). Most of the patients returned to I 
their preiojury work status. __ J 

At the one-year follow-up evaluation. twenty-nine ( : 
(35 per cent) of the patients in the study group and .. · 
thirty-seven (51 per cent) of the patients in the control 
group complained of some tenderness and occasional 
discomfort over the medial malleolar implant (p = 0.41 ). 
Only three patients in the study group had symptoms 
that were severe enough to necessitate removal of the 
hardware from the medial malleolus. compared with 
thineen patients in the control group. In two patients in 
the study group. the fracture healed in an anatomical 
position. but the patients complained of pain primarily 
over the lateral plate. They also noted some tenderness 
over the prominent polylactide screw-heads medially 
and agreed to removal and biopsy of the screw-heads at 
the time of the removal of the lateral plate, nine and 
twelve months, respectively, after the init.ial ~tion. 
The polylactide screw-heads were found to be panially 
biodegrtded, with no continuity with the buried shant 
of the screw. Histological. examination of the sutTOUnd-
ing soft tissue showed a benign fibrous membrane with 
scattered macropbages and small fragments of polylac-
tide. The third patient who had removal of the polylac-
tide screws was an eipteen-year-old woman who had 
had two screws inserted into an. isolated medial malle-
olar fracture. Fifteen months after the injury, she noted 
swellinc just distal to the medial malleolus and had mil~-· 
tenderness on palpation of this area. Operative exdsion 
of a cystic mass, which was located both superficiaJ and 
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deep to the deltoid ligament. was performed Histo
logical examination of the specimen revealed fr~g
mented polylactide material. fibrous tissue, granulauon 
tissue. and abundant macrophages. The patient bad an 
Jneventful recovery with no recurrent symptoms. 

Serial radiographs of the ankles in the study group. 
made at six. twelve, twenty-four, and thirty-six months. 
sh~ed no increased osteopenia around tbe polylactide 
screws compared with that around the metallic screws; 
rather, the radiographs often demonstrated a sclerotic 
rim of cortical bone around the outline of the polylac
tide screwS. In most of the patients. the radiographic 
appearance of the central radiolucent tract of the screw 
did not change over the follow-up period. 

Discussion 

Polvlactide has been used for many years as a bio
absorb~ble implant material. The polymer degrades by 
hydrolytic depolymerization to lactic acid. This metabo
lite then enters the carbohydrate metabolic cycle and is 
converted by the body to carbon dioxide and water. The 
material has been studied extensively in the form of 
screws in a number of different animal models. These 
studies suggested that healing proceeds at a predictable 
rate, with no evident adverse effect of the polylactide' .... 

Most investigators studying the use of polyesters as 
fracture implants in experimental animals and in humans 
have dealt with rods made of polyglycolide. These cylin
drical rods. either 3.2 or 4.5 millimeters in diameter, have 
•een used extensively in Scandinavia for the fixation of 

1ractures of the ankle2"'"-'~.ln addition to cylindrical rods. 
polyglycolide has been used in the form of screws for the 
fixation of displaced malleolar fractures". All of these 
studies of the use of various forms of polyglycolide for 
the treatment of fractures of the ankle have demon
strated a high rate of union. with no apparent adverse 
effect of the polyglycolide on fracture-healing. However, 
a disturbing complication.late drainage, was reported in 
5 to 10 per cent of these patients. Although the drainage 
often occurred several months after the operation and 
the specimens were sterile on culture, it was believed to 
be directly related to the hydrolysis of the polyglycolide. 
This reaction has been described by various authors as 
being a late inflammatory, non-infectious tissue response 
to the large volume of polyglycolide•~w. 

Polylactide screws have been used much less fre
.quently than those made of polyglycolide. In a prelimi
nary report of nineteen patients who had a fracture of 
the ankle that was treated with absorbable plates and 

screws made of polylactide, postoperative swelling de
veloped in nine'. The clinical presentation of these in
flammatory reactioos was somewhat different from that 
seen with use of polyglycolide screws. in that the reac
tions were more delayed in onset and did not result in 
the formation of a sinus. No drainage was evident in any 
of the ei&bty-three patients in tbe current study group. 
and only one patient had an apparent inflammatory 
reaction. 

The current clinical study had a number of serious 
limitations. Only three biopsy specimens were available 
for assessment of the degree of biodegradation of the 
polylactide. These specimens. obtained one year to eigh
teen months after insenion of the screws. demonstrated 
little loss of the mass of the screw. Biodegradation is 
impossible to assess radiographically. The radiodense 
line that forms around the implant at three to six months 
after implantation may be a sign that biodegradation is 
occurring at a very slow rate. The specific implications of 
this radiographic change. however. are unclear. A second 
limitation of the study is that the mechanical demands on 
the polylactide screw for this particular fracture pa.ttem 
are minimum. The lateral plate in these ankles bears 
most of the load, thereby protecting the medial screws 
from stress. Most of the forces on tbe polylactide screws 
are tensile. and these forces have been shown to be well 
tolerated by polylactide. The application of these screws 
to anatomical sites that require stronger ftxation should 
be done cautiously. The development of clinically useful 
polylactide plates is in its infancy. 

Despite these limitations. several conclusions can be 
derived from this study. First. polylactide appears to be 
safe and effective for this specific application involving 
a limited mass of the material. Second. it is our clinical 
impression that polylactide screws do not provide the 
same degree of interfragmental compression as metal 
screws because of the design of the screws and the oper
ative technique recommended by the manufacturers. 
Because the entire length of the drill-hole is tapped and 
a torque screwdriver is used. Jess interfragmental com
pression is achieved. This difference in the biomechanics 
of the implant compared with those of metallic screws 
did not seem to affect the clinical or radiographic results 
adversely. Fmally, the prominence of the hardware and 
tenderness appear to be less of a problem with use of 
polylactide screws than with use of stainless-steel screws 
for medial malleolar fixation. This benefit of polylactide 
screws may result in less of a need to remove medial 
malleolar implants after the fracture has united. 
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SURGICAL TREATMENT OF FRACTURE-DISLOCATIONS OF THE 

ANKLE JOINT WITH .IIOD!GRADABLE IMPLANTS: A 

PROSPECTIVE FW«XJMMZI!D STUDY 

( 

Albert R. A. Dljkema, MD, M••,... Milder &lilt, MD, Roell'S. ~.MD, PhD,• Gentt .. V ....... MD, PhD,11 

Peter Patka, MD, PhD, and Henk J. Th. M. H8.nnan, MD, PhD 

In a l'llndomizec:l atudy 43,......... ... ~of the_... joint ... 
treated by open Nductlon Md ........ ....,..., or biaiiL .. IILIIII be ;lulta. 
Results In both groupe ... tManiiiJ aM .. 11111111.-.dallleiMIIItll k$1,1&,. to bit 
useful for some frKture-dlllacllol• to ab¥iete the need for • MCOnd opLIWioiL 

FRACTURES OF THE ANKLE JOINT with disloca
tions larger than 2 mm are ·usually treated by open 
reduction and internal flDtion in the hope of prwJnting 
posttraumatic arthrosis. 1 In 1989, 3..ao patients were 
hospitalized to undergo this operation in the Netherlands 
alone.2 Until recently all implants were made of metal 
alloys such as stainless steel, vitallium, or titanium. 
Rokkanen et al. were the f1.r1t to report the use of 
biodegradable materials for the internal flXation of frac
ture-dislocations of the ankle joint. 3 

Polyglycolic acid is a suture material known by the 
brand name Dexon (Cyanamid of Grut Britain, Ltd, 
Gosport, Hampshire, England). The orthopedic implants 
for internal fixation are produced by pressure-molding 
polyglycolic reinforcing threads and lfOUnd polyglycolic 
acid to form rods of different dimensions. The moat 
obvious advantage ~ this material is that it eliminates 
the necessity for a second uptratiou tor removal of the 
implant. Other possible advantaps ofbiodepadable ma
terials for internal fixation are the elimi~tion of long
term stress shielding and pouibie alAftPc reactions. Pos
sible disadvantages are the development of sterile sinuses 
as a result of local irritation by the implant and the high 
costs of the material. Therefore a prospective clinical 
trial of biodegradable implants wu undertakeb from 
January 1988 through March,19910 in the trauma depart
ments of three Dutch hospitals. 

Forty-three patie!lts were adaUtted to the study. Patients 
aged between 16 and 70 years old with c:IOMd nonc:oailDinuted 
fract';freS of the lateral and or mediallll&lleolus and disiocations 

F~om the ~sc:h Ziekenhuil Vrije ~ te Amsterdam, 
'he ROde Kruis Ziekeni'Us te Blverwijk, and 1he " StnMikziekentUs 
Helmond-Deume, The Netherlands 

Addre5:' for reprints: A.A.A. ~ Acldliii8ctl Zi11wntUs Vrije 
lkliversiteit, atdlling heellunie, _.. ~. De Bc1111_, 
1117.1081 HV Amsterdam, The ...... Ids. 
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of the fncture frqmaata pMt.er tban 2 mm were iDcluded iD 
the mady. Patieata with hiP Weber C (aad Mai8oaDeuve t,pe) 
~ aad patiellta with CODtllliDdicati for Ul8ltbesia 
or 1UJ111J were ucluded. u were paienta with other trauma 
or badicLp tbat woulcl..Uitaadadized ~tim· 
pollible. Patieata were aUoc:tad to two poupe at I'8Ddom. The 
control poup UDCie1weat ..,ery accorcliDc to AO/ ASJP ltaDd
arda with tbe ... of metal implaata. 4 ln the aperimental croup 
open reduction aad iDtenaal fization were performed uainc 
Biofis (Biolciace, Taaapen, FinlaDd) rods aad sutuNs <Yac. ( 
1). Under paeral or rePoaaJ,...tbelia tbe fncture wu re- -
duc:ed tbroulh a loncitudiaal iDciliaa aad held iD an anatomic: 
politioD with • clamp. A bole 70 IDID lone and 4.5 DUD in 
diaaaet.er wu drilled, Raztinc at tbe estremity of the lateral 
malleolua, iD a promul diNctioD. A Biom rod (Y11. 2) wu 
tapped iDto place ....., aiPICiaJ iDaeductioD device. Care wu 
taken not to let tbe rod protNde from the bone. Sborteninc of 
the rada with .. oadlletiqi&W ... amitted to prevent .... 
f10111 c:aatuaiMtinc tbe WOUDd. Sub.quently • Vicryl auture 
was tbnlded t1arouP a drillbole iD the diatal fracment of the 
fneture aac1 riUd to the perioltaua of the distal tibia and to 
tbt ....... (f'il. 3). u ~. 1.W .... procedure ..... ~ 
perfOI'IMd on tM IMdial side. On tlaia side u.ually one or two 
..................... After the WOUDd .. riDIId with llOI'IDal 
..U. it WM c:loMd., lema& a vacuum drain in place. A padded 
slab of ............. 

Duriac the operatioa the IUfiiOil dec:ided whether tbe inter
nal fiUiioa WM s&lble eaouP for im....u.telllObilization. In · 
that c.- U.. ,..._ al8b W8l cliiC:8nW after 5 daya; all otber 
J*ilata _.. •u.-dy -...d with a plater caa.cturm, a 4--- )llriod. Tbe .. -. .-..cl tbe outpatient daputment 
a. 6. 8Dd 12 __..after thEir IUIIIIIJ~ wt.n·ro.o.,....... 
~ ~· ,. f\mc:tioaal .-It .. ilftluated followiac tbe 
crnetul of Oluud'; Uo OD each OCCMioa the pUieat ad tbe 
physician pve a lellliqaut.itatift · · of tbe funeticmaJ 
-·16 • 1!--- ..-.on .._~ ...... - .ale; ODe ead of tbe ac:ale lipifild • 
ua'- ..WW ltift' ankle joiat. tbe other end of tbe Qle 
ai ....... • DGaMI ,.,._ aide. DiltaDc. &om tbe poiata 
d#pMed by plltieDta sad ph,.._ to the point that sipsi&ecl :.=, ukle were ...ured mel a percentage of normal W.. 

~. 
RESULTS (/ 

Forty-thne patientl were admitted to the study. They J ~ 
underwent in\emal fJUtion from January 1988 throulb 

I 

"' 
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Figure 1. A biodegradable implant rod lll'ld sutures. 

Figu,. 2. The dedicated tools required for introducing the biode
gradable implant rods. 

March 1990. Most patients were young men. There was 
no difference between the Biofix group and the control 
group regarding gendg, fracture type, or trauma mech
anism. The most l!Ommun ty}Jt= of fracture was a single
fragment fracture of the lateral malleolus. In eight cases 
a bimalleolar fracture was surgically fixed, and once a 
trimalleolar fracture was fixed. Two patients included in 
the trial had complications during surgery; both were in 
the Biofix group. In one case thereawas insufficient 
fixation on the lateral side of the ankle, which made the 
use of an accessory metal plate necessary. In the other 
case a second fracture occurred during introduction of 
the biodegradable rod. A third patient was excluded from 
the trial after randomization. During the operation, a 
comminuted fracture was found that was unsuitable for 
rod fixation. In both groups both methods of postopera
tive treatment, i.e., functional treatment and plaster 
immobilization, were used in approximately an equal 
number of cases. The follow-up period lasted from 3 to 
'2 months, with an average of 5lfz months. There were 

' postoperative complications. The anatomic results 
'ere good in both groups, i.e., no redislocations larger 

than 1 mm were seen. On average, the patients with 
biodegradable rods scored 94.5 points on Olerud's scale~ 

Biodegradable Implants for Ankle Fractures 83 

) 

) I 

I 
Figure 3. Diagram of the biodegnldable implant rods and sutures in 

place. 

Figure 4. Pnloperalive (A) AP lll'ld (B)...._. x~ films of a fnlctln
dillocnol I of the ankle. 

Figure 5. Postoperative (A) AP ..S (B) ._., x-ray films. 

versus 90.4 points for the patients with stainless steel 
implants. On the linear analogue scale Biofix patients 
scored 89% and AO/ASIF patients 84%. 

On the postoperative roentpnopams the fracture line 
was aeen more readily in the Biofu: group than in the 
control group, becauae there was no interfragmentary 

1111"1 
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The Jouraal of Traaaaa 

compreuion in the Biofis poup (Fip. 4, 5). Tbia phe
nomenon had no effect on tbe bealinr of the fractures 
involved. which wu uneventful in all cues. Aseptic 
sinuaes as described by otben' were not aeen. This may 
be explained by not aawiac off rock when they were in 
situ. Also, great care wu tabD to pNYent the .rod from 
protrudinc from the drill hole. 'I'M Biofis patiata did 
·alilhtly better both iD the ICOriDr .,am baed on Olenxi 
and on the linear scale. 

Patient& treated with the ~le material re
ported •llPtly leu pain c:luriar the follow-up period and 
were found to have a .u,htly .,.._ function of the ankle. 
joint. It is our opinion that Biofiz hiodepadable implants 
can be used for the internal fiution of a limited number 
of fracture dislocations of tbe anJr.le joint (i.e., noncom
minuted simple fractures in nono.teoporotic patients). 

' 
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The Bankart Procedure 
A LONG-TERM END-RESULT SruD.Y 

BY CARTER R. ROWE, M.D."', DJNESH PATEL, M.D."', 

AND WILLIAM W. SOUTHMAYD, M.D."', BOSTON, MASSACHUSETTS 

From tlu Dcportmmt of OrthapncJics. Mnssochusms Get~ an/ Hospitol. Boston 

-· 
ABSTRACT: Of 161 patients with 162 shoulders op-

erated on during a thirty-year period (1946 to 1976), 
124 were re-examined and twenty~ne answered a 
questionnaire. The lesions found at surgery were sep-

c·. ~_:l aration of the capsule from the anterior glenoid rim in 
85 per cent, a Hill-Sachs lesion of the humeral head in 
77 per cent, and damage to the anterior glenoid rim 
(including fracture) in 73 per cent. There were five re
currences (3.5 per cent) after repair by the method de
scribed· in the 145 shoulders that \\-ere followed. Only 
one of the forty-six patients with dislocation on t~e 
dominant side and one of tbe thirty-one with disloca
tion on the non-dominant side f.Ued to return to the 
competitive athletic activities in which they had par
ticipated prior to injury. Tile raalts at follow-up were 
rated excellent in 74 per ceat, cood in 23 per cent, and 
poor in 3 per cent. Ninety-debt per cent oC the patients 
rated their result 8$ exceilent or pod. S"axty-nine per 
cent of the shoulders had a full nuace of motion, and 
only 2 per cent of tbese shoalden redislocated. A frac
ture of the rim or the cl..W .. llOt i~e the risk 
or reeurrence, wbile a· modente to ~ Hill-Sachs 
leslo~ increased the .-.. oalJ . .......,.. 

We concluded tb8t wida tlleiMdctaloas technique 
or the Banbrt repair as descrtllell, paltoPe~tive im
Dlobllization is not DeeeiiM.J, _..,. return of motion 

. ;. =. ud funcdo-. can be ~ _. ••1111ption of ath

.t'~: ledc: adl'rities with ao u...,.. fll .. lder motion is 
_, ··~ poaible for most patleats. 

'l·'~ C ~: ·. It has been fifty-five )'CII"S .._ a-kwt ~nled his 

I
. · .eooc:cpt of the pathological lesioa rapoasible for recurrent 

__: W...-..s c:iciM:dl .......... w- a-iNiac. 11S 0..-lcs 
.-- ao.-. ~ 02114. 

anterior dislocation of the shoulder and his method of re
pair l.~. His comments prompted lively controversy, as 
was evident in an excellent review of shoulder dislocations 
published in 1948 19

• 

h is the purpose of this report to document the 
findings after long-term follow-up of shoulders repaired by 
one specific technique which bad not varied, except for 
minor changes. since 1946. The procedure to be described 
closely parallels Bankart's original method. Only patients 
whose surgery was performed either by the senior author 
(C. R. R.) or while he was present were included. There
fore, the preoperative evaluation, operative teclmique, and 
postoperative care were uniform: 

Clinical Material 

One hundred and sixty-one patients ( 138 maie and 
twenty-three female patients) had 162 shoulders operated 
on between 1946 and 1976. Patients with voluntary dislo
cations of the shoulder were excluded. Of the 161 patients 
included. sixteen could not be located for follow-up, 
although preoperative and operative findings were avail~ 
able; 124 were examined persOnally ac follow-up and their 
results were paded according to a standaid rating scale 
(Table I); and twenty-one, unable to come in forexamiaa
tion, answered a detailed questionnaire that incladcd ollie 
questions relative to rccunence, stability,- ibc perceatlge 
of mocioa compared with the opposite shoulder, •Y linli
taaions in sports or work, and <:Ullalt work and spcx1S ~
tivities. 

Pathological lesions wen: rccordc4 for 158 oftbc 162 
shoulders. 11le result was not evaluated in any patient 
whose surr.ery was performed less than one ye8r prior to 
follow-up examiaatioa. 

Of die 145 patients (146 shoulders), ninety-sevea (67 
per cent) were followed for one to five years and fony-

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



. .. 
2 

Subiticy 
No·ra:umnc:C. subluu· 

tioll, or appracnsion 

Appn:hcnsion when 
placing ann in ccnain 
posilions 

Sublu~tllion (nat rcquirin~ 
rcdUCiion) 

10 

Recum:nt disloc11ion o 
Motion 

IOO'Io o( nonnal uccmal 
roue ion. inrcmal rota· 
cion. and elevation 

• 1S~ o( nomlal uccmal 
rotation. and nomlal 
elevation and internal 
rotacion 

SO'l> of normal e~tccmal 
~cation and 7S'Jc. of nor
mal elevation and in
ternal rotation 

SO% o( nonnal elevation 
and in1emal rotation; no 
e~tccmal rotation 

Function 
No limitation in work or 

sp!lrts; litdc or no 
discomfort 

Mild ·limitation and 
minimum discomfon 

Modcr:atc: limiwion 
and discomfort 

Mlltcd limitation and pain 

Total units possible 

10 

·~ 

5 

0 

30 

2S 

10 

0 

100 

C. a. ltOWE. OIHESK PATEL, AND W. W. SOUTHMAYD 

TABLE I 

RAtiNG SHUr ..,_ B.utu.aT RUAia 

No~ila 
we-. plllcillc 111m 

in compktc cle· 
vatioft and cr;tcmll 
IOUiioa 

No subluu&ions 

I OO'J, ol oomtal 
utcmal rocation: 
con\fllefe elevation 
and iniernal 
rotation 

Performs all work and 
· spons; no limitation 
in OYCrtlcad activi· 
ties: slloalder 
511011& ia iflinc. 
swialmiac. lalllis, 
dnwin&:: 110 dis· 
comfort 

No•~ 

Mild ...... ion 
wllc:ll ~ ann 
in clcnlion and 
eucmal IOC*ion 

No subluutiucu 

7.S'Iof~l 
cxtcnlll rotalion; 
cOI'IIjiiCIC elc:Yation 
and inrcmal 
rotation 

Mild limitation in 
wort and spotts; 
sboaldcr strong; 
minimum dis· 
comfon 

Mocktate appn:hcn
sion clurinc eleva
tion and utcmal 
meat ion 

No subluutions 

~ ofnom1al 
utcrnal rotation; 
1S~ o( elevation 
and internal 
rotation 

Modcrarc limitation 
doin~ ovcrbead 
work and heavy 
lifting; unable to 
lhrow. serve hard in 
tennis. or swim; 
modcr:atc: disabling 
pain 

or 
MftoJ appn:hca.sion 

durinc cac-iaa or 
CltiCNion 

No Cdem:ll rocatidft: 
SO'i or clevatiNl 
(can &et hand oaly 
to race) IUld sen of 
intcm:al rotatioo 

Martcd limiwioo: 
unable to pafocm 
O¥Cdlead work and 
· r.rtin1: cannot 
dvow. play 1CIIftis, 
or swim: chroaic 
discomfort 

eight (33 per cent), for five to thirty years. The average history. This incidence was low compared with that in 
follow-up was six years. previous repOrts U.3~·36 

Preoperative Findings 

Of the 162 dislocations, 142 (88 per cent) were com
plete recurrent anterior dislocations and twenty (12 per 
cent) were transient, in which the shoulder bad always re
duced spontaneously befoce roentgenograms could be 
made. Eight of the sbouWcrs. bad bccO opcraiC:d on previ
ously but the dislOCilioa. had recumd. One hulldrcd and 
forty (86 per cent) of tbt. initial dislocations bad been pro
duced by a definite u.jury (the trGIIIIItUic. poup) and 
twenty-two (14 per cent), by a JWural mowmeot of the 
ann (the alraunuJtic grOup), Gallic aDd: LeMcsuricr, in 
chcir series, reported .a 17 per ceot incideoc:c ~f alnanUitic 
initial disiQcations 14 • 

Ftllffily· History 

lDfomwion was available relali\'C to a family history 
of rcc::um:at dislocalioa for lfty-fiw of dlc 161 l*icacs. 
Of these fifty-five. forty (73 pee CCDf) denied uy familial 
incidence and fifteen (21 per c:eat) pve a positive family 

Hand Dominance 

or the 162 dislocated shoulders in 161 patients, 
eighty-three were on the right and seventy-nine, on the left 
side. Nineteen (l2 per cent) of the patients bad bilateral 
dislocation (an incidence comparable to the 10 per cent 
found by Moseley and Overgurd•), although only one 
bad both shoulders repaired. · 

The band dominance was known for 124 patients, of 
wbom 106 (85 per cent) were riibt-:huuJcd; fifteen ( 13 per 
cent), left-handed; and three (2 pei' cent)~ ambidexcrous~ 

Suqcry was performed oa fifty-tWO _(49 per. c:eat) 
rip IIDCI fifty-four (51 per cent) left~ ia the 106 
ripl-laandcd . patients; on de\'Cft (73 pef c:dsO ri&laC *"4 
four (27 «no left sbou1den ift ~ •• left-.....sed .· 
puica&s; :S ·on one n,bt .ad twO left· sbOa~ ia die 
cbrce ambidcxrrous pllienls. Thus, ia dlc risbl-lutadccl pa
ticacs, cbcrc was DO llppl'eCiabte diffcn:ncc in· che h
qucacy of dislocltioa oa cbe domiaat and aon-dom-..nt 
sides. while in the lcft-haadcd patients, diere was a sic· 
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THE BANKAitT raoceDUilE 

nificantly increased incidence on the non-dominant side. 
Bra~• repofted an over-all increased incidence of disloca

tions on the weaker sick. 

AIC'IJI SIITIC~_\' 

or the 161 patients. eighty-one were less than 
twenty-one years old and eiehty were twenty-one years old 
or older. The youngest patient was fifteen years old and the 

oldest. fony-seven. 

the dckoid muscle from the clavicle since 1960. 
7. The coracoid process is routinely osteotomiz.ed 

allowia& lhe c:oncobrachialis and the shon head of th; 
bic:cps 10 n:uact mesially (Fi&. 1-A, C). 

8. The .-m. still• the side or the body. is then exter
nally rocated~ exposine the subscapularis muscle~ 111e 
circumftex vessels alone the inferior border of the muscle· 
are lipleld (Fia. 1-A. C). 

9. Startine distally. the subscapularis muscle is care
fully scpwatcd from the capsule in toto (Fig. 1-8, D). 

Co.u~s of Initial Dislocations This is a very imponant step in the operation and can be 

lnfonnation ~lative to the specific mechanism of the . effectively accomplished by holding the knife blade in the 
initial dislocation was available on eighty-six patients. horizoncal plane and separating the tendon from the cap
Forceful extension or abduction of the arm was responsible sule by sharp dissection. To avoid entering the joint, a 
for the first dislocation in twenty-six shoulders (30 per small amount of tendon is left on the capsule. Once the 
cenl); forceful elevation and external rotation, in twenty- tendon has been separated from the capsule (the attach
one (24 per cent); a direct blow to the shoulder. in ment of the ten_don usually extends over a distance of 2.5 
twenty-five (29 per cent); and a fall on the outstretched centimeters in the medial-to-lateral direction). the muscle 
hand. in founeen ( 16 per cent). can be separated from the capsule by blunt dissection, 

Our findings do not substantiate Bankan·s theories• using a wing-type periosteal elevator. 
as to the mechanism of this injury. since 30 per cent of the 10. The arm is completely externally rotated before a 
recurrent dislocations in our series were caused initially by vertical incision is made into the joint just lateral to the rim 
a forceful abduction or extension of the arm, a dislocation of the glenoid (Fig. 1-B, £).This gives an excellent expo
that 8ankart claimed never recurs. Also, only 29 per cent sure of the joint and the entire anterior rim and ensures that 
of the recurrent dislocations were caused initially by a di- the lateral flap will be of proper length to permit adequate 
rect blow to the shoulder and elbow. an injury that Ban kart external rotation of the shoulder postoperatively (Fig. 1-8. 
thought_ was the sole cause of the recurrent dislocation. In F). 
our opinion, both the so-called ordinary (non-recurrent) I L A humeral-head retractor (Fig. 2) is inserted into 

the joint and is used to displace the humeral head pos
terolaterally (Fig. 1-8. H). If the capsule is separated from 
the glenoid rim, a three-pronged retractor (fig. 2) is in
sertccl into the glenoid neck and used to retrnct the medial 
part of the capsule (Fig. 1-B, H). 

and the recurrent dislocations of Bankart may produce the 
same lesion. 

Surgical Technique 

We employed the following technique in this series 
(Figs. 1-A. 1-B, and 1-C): . 

1. General anesthesia with endotracheal intubation is 
used. 

2. "The stability of the shoulder is tested after the pa
tient is anesthetiud. Two patients ~ferred with a diag
nosis of recurrent posterior dislocation were found to have 
anterior instability. 

3. The patient is placed supine with a folded blanket 
under the arm rather Jhan under the shoulder. so that the 
humeral head can be displaced po5t«iorly more easily dur
in&:the prOcedure. We do not use the semi-sitting position 
so frequently described. The aneslhetist is oli the opposite 
sidle of the patient to allow more room at the head of the 
table. 

4. Oood exposure, adequate help. and proper instnJ
mcats (Fie~ Z) are csseatial. 

: S •. A -&b& incision is IMde f~ tbc coracoid pro
cess lC) the axilla". ·a shorter iac:isioa being used in female 
patients (Fia. 1-A. Al. 

6. The deJtopectoral iMcrval is ideatified and de
veloped down to the cephalic veia. which ia the majority 
of iastances is liptcd P"*iiMily &H c&sc.lly and remo~ 
<Pia. 1-A. B). This elimina~es oozit1t from the vein during 
the oroc~dnn-. We have not fnund it necessarv to seoanne 

12. The rim of the glenoid and the neck of the 
scapula can now be freshened with a small osteotome or 
curette. Three holes are made through the rim of the 
glenoid (at one. three, and five o'clock in the right shoul
der and at eleven, nine, and seven o'clock in the left 
shoulder) using a small glenoid punch to initiate the holes 
and then a forceps with three-edged cutting points and a 
special awl to complete them (Fig. 1-8, G through/). 

13. A double No. 0 cotton suture is passed through 
each hole. using a No. 5. one-half-taper Mayo needle. 
This touah litde needle is perfectly curved for this pur
pose. Each double sutu~ is passed through the edge of the 
lacenl capsulir flap (Fig. 1-C,J) and tied so as to hold the 
latenl llap securely against the freshened rim of· the 
aJenoid <Fi&- I-C. K). One limb of each of the top and bot
tom l8tUreS (A and 0 in Fig. I-C. /() is then cut off and the 
four R:lllliaa.limbs of.the sulUres (A. 8, C. and D in Fi&. 
1-C. L) we passechhroup the medial ftap and tied to one 
aaotber(A to Band C to Din Fig. I-C. N). This proccdu~ 
reinfom:s me capsule al the rim of lhe glenoid and alon& 
the aeck of lhc: scapula. The arm at this stage can be easily 
externally I'OCIItcd 2S to 30 dqrees beyond neutral. 

14. Closute of the wound is accomplished by ~urn
in~ all tissues to their normal insertion~. No st:toles. wires. 

.,·. 
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4 C. ll •. llOWE, OINESH PATEL, AND W. W. SOUTHMAYD 

~CrCWI. or bone pts ...: uxcl. The subscapularis tendon 
is ~ ia iu oriciul positioa Oft the lesser 1uberosity 
and SOCURd with intc:mapled sucuca composed of double 
scilnds of No. 20 COUOft or, rarely, one strand of No. 0 
cotlOft Jn a heavily muscled indi¥idual. In lhis way the 
~'I! not sboreeacd. overt.ppcd, or transplanted. The 
COI1ICOid Process is n:accachcd by nuting a single hole in 
the osceotomized ftaameac ud in. the base of the process, 
usift& a small scaphoid aoaac. and then passing a double 
strud'ofNo. 0 suture dwouch these holes (Fig.. t-C, P); 
the straftds an: tied as a sincte suture. with the fragments 
held in proper position. A reinforcing suture passed 
throusfl the attaChment of the common tendon on the 
COC"IICOid process and che coraco-acromial ligament then 
compleJes the fixacion (Fig. 1-C. P). This method of fixa
cion is simple and appears 10 be *quate, since no separa
cion of the fragments was seen on any of the follow-up 
reentgenograms. 

~~\ . . 

\-.-Edension of incision 
1 f01 ov·eroCJe moles 

rlncision for females 

t--
Deltoid 

11lc avcraae duration of suf8.ery was cwo and a 
hours. No pGicac in this series required blood replacement . · 
durin& or following. opcntion. .. 

PosttlfMIVIIIW RtHttin~ 

Until the Clrly 1960's, we intmobilizcd the shoulder 
for thn:e to six wceb in a special shoulder sling. but dur
ing the last ten years most palients have used lhe sling for 
only two to three days, after which the ann has beeri com
pletely free. During. chis time che patienc can lake showers 
and dress normally. Pendulum exercises as well as lighc 
activities are begun in the hospital. No fonnal physical 
lherapy is used; inscead, che pacienc is inscructed co in
crease gradually the mocion and funccion-of lhe excremily. 
and is usually back at office work or school in two weeks. 
In six weeks, swimming or rowing is begun. By chree 
months the patient should have regained 70 per cenc of ex
lema! rota~ion and eleva1ion ofche shoulder. Tennis. golf, 

outward -------·-

• ~( ., -·:. ~' .·, ,/!-

""~. 11' -1' " ~ 
..... ~ ~t ·. .. ..t 

(no I seporoted 
frocn dovic:te) 

.I 
Subscopulorls m. 

' 

\ -........... , 

. l: .... . 

. ... ..... ~ 4tMtt IMad) 
· · _, • •.a•••ifl:t.,tlllil 

FIG. 1-A 
Fip..I-A,I-B.Mdi.C:T.-iq.ee6-.c ...... ~...rilldlkscries. 
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THE BANKAitT PllOCEDUitE 5 

and resistive cxcn:ilcl arc lhea bepa. At six months, the 
padcnl should ha¥e fAMil 7S to 100,.. cent ol normal mo
tion and stRnph ia lbe...._.dcr, Mel be in condition to 
~ume all icdvitics inc:Wiq ~ sports. 

Oper8dyelllll6p 
. The ·operative ·findiap wac cllc:umefttcd adequately 

in ISS of the 162 shouldcn.. Since lh& subscapularis mus
cle was not severed or clividcd whik exposing the shoul
der, but was ~fully raaovcd from its inscttion and the 
capsule, the condition or the muscle and capsule could be 
assessed. The size, shape, and inclination of the glenoid 
fossa were not recorded exc:cpt for obvious abnormalities, 
nor did we ~etennine the deaNe of reb'O(orsion of the 
humeral head, as described -by· Saba ct and. by Debevoise 
and a.JSociates t•. 

--..a--r-Medio'l ed9e ol 

MIIScles 

or the 161 .,.aieall, 130 (II per cent) had normal 
muscle cle¥elopcneat, cfclsla a 1 (II per cent) were thin 
and of_ s!i&ht build, Md dlideea (I per caa() were dcfiilitely 
loose-.JOantcd. In the lSI......._ at saraay for which 
data were available, lhe aalllclpUJiris muscle lppelfed. to 
be normal in 132 (83 per ccac), ••actcauated'~ or .. in
adequate" in fifteen (10 per ccao. and definitely ruptured 
(within the muscle.belly) in elewn (7 per cent) (Fig. 3). Of 
these ruptures, seven were in the lower half and four were 
in the upper half involvin& the junction of the sub
scapularis and supraspinatus muscles. 

Capsule 

The capsule was completely avulsed or separated 

E Shoulder In complete 
elllernol rotation 

co,:sula "-•r found 
ruplured from rim) · 

Loterol ed9e ol ~·· 

of humerus 

.. 
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A 

·; 

5uturt11t ....,_. f11f of capsule 
dlrectty ........ rim 

T)'ino A to B Cllld C to D 

Sclblcap .. aris -. resutured 
to its oiitiftal Insertion 

FIG. I..C 

K 
Idler llllurlnQ lolefal flap lo 
Qlenold rlm_lecm~ tutUNS 
lonq. 

Stronoly enforcino 
anterior Qlenoid rim 

·from.tbe anterior~ ... ~ 13S·sboalclcrs (Fig. 4), an cbe rim ia fiftcca (13 pcrceqt),~ W.U dc'ldOpcd but dis
:~~ of8S ~.-. • ... .....aty lbchcd to dte ~ ill19 cbe joint across ,11tc ~id (~rang a · 
rim of cbc a&caoid. widl 1M ....._ iluct. ia tweoty-dlcee buckd-baDcllc split of a meaiscGs ia abc bee) ia sc~tecil 
sboaldea (IS per ~. 1\e ~taaca of • iotact cap,- (14 per c:eae) of cbe 118 sboulden (l\s·~ S)~ 
sule t-.c1 from 13 te .,.. Cllll ia odlcr series ..... ~.~7 • • 

CoasideriaaaU ISI••III•i•,t••> aii:elllda~~ GlentMtl Rlm . 
~ or: ie4u. ft 141• n 'I • wlllda ~ DCinllally at~ 0amacc to cbc a&cooithial~~·-U6~ per 
·blebed...•~ ........... -.... •. ~~ ~· cal) llid abscllt·.ilafelty~·dWt51'•tl•·arJ.sbly-.. ~: 
~hid~ ad ~)11--. · . .. . ~ fi¥t(s6perc:af,)oflbc,. l'd-iillis;~aa'' 'Hdoc:'-'.. · 
Lflbtwllc . etOdecl.. dnc ollbela beilc iD * .... ..- ............. 

fiftJ-o~~e (44 perceal) wen ,._red. Ofdle_.,-o~~e he- · 
Tbecoadidoaofdla ..................... llllldy tures. rial* en (3S per cad) ia.al¥04 CMie sixdl: .....,_ 

clctc:IUed ia Ill ........ It ...... ore ~y de- six (S 1 per call), oac-qaa1a. ad SCYCa (14 per ceat). 
scroyed ineipcy-six(73 per«**t), iladblatleplt&fed from one-lbird of the .a of cbe joint surface. 

1111 
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A B c 0 E f 

FIG. 2 

Insll\lmcnts used in the .Bankan pn:ICICduR. A. QUYcd spike used 10 initiate holes in lbe glenoid rim; B. clamps with thll:C-edJCd cu~ points to 
enlarge the hole; C. curved awls used to C101111f1ctc tbc hole; D. rdraefor for the medial capsular 1\ap; and E and F. two cypes of humeral-bead Rtnc:tor · 
10 fit different-sized heads and clcaoid Cll'lliies. 

Shoulders with No Banlcart Luion 

In these twenty-three shoulders, lbc iaUial dislocation 
had been traumatic in nine and alnllJDaric in fourteen pa
ti_ents. The capsule of the shoulder was .. herniated" or 
"redundant" in thirteen (57 per ceat) and D01'1Dal in ten. 
The subscapularis muscle~ .. deldeut"' in one of the 
twenty-lhree shoulders, while the pcaoid fossa was de
scribed as defici~t and shallow in two. A HiD-Sachs le
sion of the humeral head, prescat iD ICYCil (30 per cent) of 
the twenty4hree .,ulden, was of IIIOdentc size in four; 
severe, in one; asld mild,. in two •. Noae .of tbese tweoty
dm::e shoulders showcd--scplnlioa of die Cllplule:from:.tbe 
rim of the glenoid or evidence of trauma to the rim . 

tiple loose bodies, an incidence of 8 per cent, which was 
comparable to the 9 per cent reported by Brav•. 

A bone cyst was present in the neck of the scapula 

. ; ,·_,: ··JI~ Hrad 

· (· Of#ae 162sboulders,l42ad~aata"OpOS
·teiior ~ve uad Plll!ll*ill¥e roilllpGOp'IIDS 

millie wilh the'aral ill nadnl ,.w ••. ia 60411pees of intqllll...-.- ill 60 ..... efGIIInal Nlllioa.Tbe 
~~~ ~ clcfoct (a c :.,rr nl• hcalle of. the 
--~~--10...._. ......... 'uiarrim_oflbe 

. ,.Pijr:aoid\_ · · ·. · ........_._. • uo rn ~- .... -. · ~111!11'11·.~~~-·-..··~ .. per~-.--m 

. ··~tn..P:r~.n;e:....ewia ... (Ra.6-A)ia 
dailtj (%1 per ceal) ............... - .. _,_,_.. (58 
pcrceal), aDd sewn (lila. 6-1) .. ..._ (15per~. Of 
daese 110 shoulders, 105 ............... «<lloaadoas that 
w.RU.mldc. 

Other Lesions FIG. 3 

·~ ,_.. CJI ~ infcriot ...... « lhe ----- ..-de _. 
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A cypical Banl:an ksion of rhc lcf1 shoulder wid! avulsion of chc capsule from lhc anterior rim of the glenoid. The labrum is missing. apparcady 
comptecdy worn away. 

FIG. 5 
l ............ bllcta,nnll•.,.•- w.n- ialhc lcfc .-. ... 

prior 10 surgery in two patients, both lesions being just 
proximal to the articular surface. The cysts were not' · 
explored at surgery and no histological diagnosis· was es
tablished. Oinically they appeared to be benign bone 
cysts. After operation one had disappeared, and the otlier 
was filling in at one year. 

Muscle anomalies were seen in three shoulders. The 
pecaoralis major was absent in one and the pectoralis minor 
insencd on the lesser tuberosity of the humerus in another. 
the second such anomaly seen by one of us (C. R. R.). The 
ccnr:obrachialis and short head of the biceps muscle arose 
fRNn the rotator cuff in one patient. ln another patient. 
wt.o had had a previous unsuccessful Bankart procedure. 
che coracoid process was found to be ununited at the sec
OIICI procedu~. 

Resulls 

The results in the 145 shoulders evaluated were 
padcd excellent. good, and poor using both .the rating 
sc.le summlrit.ed in Table l and the patient's o¥m·cvalua•· 
tioa of the shoulder. Based on· che examining physic~_·s 
~. 108 (14 per cent} ~- ·&OcJed 'c~ . . ....,.cliNe (23 per cent). ~:and four <~.;JM=f)~t,l..-~·: , .. 
..... !he pllieats. however. rated chcir n=suiiS ·~ .~ (13 ~
per c:eat) escclleat. twenty-two (15 per cent) .,OCS. ~ 
dne (2 per ccat) poor. Thus. by the surpn 's raliftl .mere 
wen: fJ7 per CICIII excellcat to J.OOd n:suks and by the pa-
tieats" cvalualioas, 98 per cent c:xoellcnt to JOOd ~Its-

I .;1 

"II Cl 

ill 
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dcr d~· l'llil ........... w• ,.con • JIIOirMI o( m:istiYc cacr· 
· cius for chc shoulder .....:lc$. Md lhc dislocation h.d 1101 rccvmd one 

year a.cr. 

~two patieacs. with vuy lax ligaments. would 

11o1 be qpcratcd on at chc. pracnt time unless ~hey had 
failcd . .to n:spoad co a ~ of resistive exercases. We 
have fou.nd chat Ibis cype of slloulder instability responds 
very wcfl to exercises as chc primary treatment. and that 
the result$ of suraical rqJair are unpredictable. 

In d)~ ocher tine patients. the postoperative recur
rences were caused by severe trauma. sufficient to produce 

a primary dislocation. 

CuE. 3. A cwcncy-c_,ar-old- hid h.d • tnumatic dislocation 
o( chc lcftlhocaldcr iailiallJ, Cellowed b)' many rccum:nccs. At su11ery. 
cxtensivc damqc co the capllllc ud &lclloid rim was found but there: was 
1\(\ Hiii-Sllc:hs lcsion.,Tcn·)UI'S after SUCICf.)':·ahis man h.d·onc rc:c:ur· 

• renee while ropinsa steer in a rodeo. However. durin! the next fifteen 
• years he had no dislocaiions. He lf*lcd his result as excellent even 

though we had co grade it poor because che dislocation had recurred once 

foil owing surgery. 

CASE 4. A fifteen-year-old boy had had an initial traumatic disloca· 
tion of the left shoulder followed by many rcc:urrcnc:cs. Operation rc· 
vealcd a well developed Banltart lesion, a fracture of tht 1lenoid rim. 
and a moderate-sized Hill-Sachs lesion. This boy was very belligerent 
and had two recurrences of che dislocation during violent lights within a 
few months after surgery. Several years later. he was l:illcd in an au· 

tomobile accident. 

CuES. A chiny-four-year-old male epileptic who had had many 
dislocations or the right shoulder hid a severe: Hill-Sachs lesion and se· 
verc: dama&e to the rim of che &Jenoid. After repair he sustained several 
distocaiions during seilures wichin che first twelve months after sur!ery. 

The results at follow-up in our series were correlated 
with several factors, including previous unsuccessful re
pair, absence of a Banlca.rt lesion, fracture of the glenoid 
rim, 'J Hill-Sachs defect, external rotation of the shoulder. 

· athletic activity, and epi1epsy. 

Results after Foil~d Surgery 

Eight patients were referred 10 us because of recurrent 
dislocations after surgical repair. Three had·had a Magnu
son repair; two, a Putti-Plau procedure; two, a Bankart re
pair; and one, a Nicola repair. Seven had had a traumatic 
dislocation initially and one, an ..,matic dislocation. All 
had normal ~uscu~urc;110GC were ~joinced. In the 
three ~ients who had had a ~.repair, at ROpera

tion the capsule w.s fouftd 10 ha"Ve been awlsed from the 
glc:ooid rim. One of the duee a.t been a very promisiag 
collegiate butetball c,caa, but wu uiaable to play after 
the Mapusoa n:pair bcclue· « recunatt .dislocation of 
the non~o~._.,, ~·. AI. reoperalioa dae sub
~ mq$c1e was'•atc'il'ed ...._ i1s ~·posi-
tion, ~ina coftlpl~ ~!·~ .. ol ~ CIP,IIc. from die 
rim of che peaoid. Allis ......... ol the type de-
scribed, chis pllieat ... ...,.. t.sblt.ll, and wu 
named 10 the AU-New Ssw~ nd Ceacwe Team dariac bis 
senior year (Fig. 8). AI. feRow ... llis *-dder had a full 
range of motion. was SCIOli&. Mel had noc dislocalcd since: 

operation. Of the other two patients who had had an un
succeuful M&~nuson procedure: prior to their Bankart op
eration. one'hlld a &00«1 result one year later and the other 
wu bt to follow-up. 

In the two patients wbo had had a Puui-Piau repair, 
the apsule wu found to ·be complccely detached from·the 
glenoid rim in one, while in Cbe other it was lu and the 
subselpUlaris muscle wu ''deficient". After routine Ban
kilt repair lhcse two patients had had no recurrences, one 
and three years after operation. 

In the two patients with failed Bankan repairs, the 
capsule was dclached from the rim in one; a OuT oil staple 
had pulled out in the other, exposing a fraccure of the 
glenoid rim that involved approximately one-sixth of the 
glenoid fossa, and there was also a severe Hill-Sachs le
sion of the humeral head. After routine Bankan procedures 
both patients returned to full activities, one with an excel
lent and the other with a ·good result. 

The- patient with the failed Nicola procedure had se
vere separation of the capsul~ from the glenoid rim but had 
an excellent result at follow-up, ten years after the Bankart 

repair. 
Of these eight patients whose previous surgery had 

not been successful, three had excelle.llt and four had good 
results after follow-ups ranging from one to ten years. and 
one was lost to follow-up. ln each instance, reoperation 
disclosed adequate cause for failure. 

R~sults ;, Should~ri ll'ithout a Bot~kart L~sion 

At operation in the twenty-three shoulders in which 
no Bankan lesion was found, holes were made through the 
rim at the base where the medial capsule was attached. Su
tures were passed through these holes and into the lateral 
capsular flap and were used to attach the lateral flap se
curely to the glenoid rim. The: medial ftap of the capsule 
was then sutured over this as reinforcement. At follow-up 
examination after an average of seven years (range. one to 
twenty-five years), none had had a recurrence; thirteen 
were graded excellent and eight. good. The other two pa
tients were lost to follow-up. 

Results in Shoulders with Fracture of th~ Glenoid Rim 

There were fifty-one shoulders .with a fractUre of dae 
anterior glenoid rim. Of the eighteen with one-sixth of the 
glenoid fossa involved, ten wen: graded excellent, five 
were good, and three were lost to follow-up. None had re-

~. . 

Of lhe cwenty-six with one-fourlh of the glc:n!)icHossa · 
aw~ fifteen had an excelleal .Qd'ei&fat, a aoOd ~It, . 
wlaUc oae had a rccum:nc:c:. Tbe ocbcr iwo were lost to. 
follow-up. Of the ocher seven sboukbs wida onc-lhird of 
chc gleaoicl fossa Craccurcd off. five ~ &radc4 exCellaU.· 
Md two were lost to follow-up. · 0 

Of these fifty-one shoulders, forty-four were rc-
cumincd oae to twenty-five yean after n:pair <• ·~ . 
folow-up of ten years); fony-~ (98 per cent) were 
l1lk:d excellent to good (69 pee cent excellent and 29 per :J 

.. 1 
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J1 

cent good) and oac had W a NCUI'I'CftCC. Therefore, the 
rate of rccum:aK:e ia tllil...., wa 2 per cent. which, 
surprisinaly. was lower dlaa die ~-all recurrence rate of 
3.5 per cent. 

In those shoulders, ao ~M~K· pes or muscle trans

planes were used to reinfococ die alcnoid rim, and the frac
ture fragment was not ~· Radler, it was either ex
cised or left in the medial ftap o( the capsule. while the 
latenal ftap was sutured ia che usual way to the margin of 
the intact pare of the &lenoid fossa. A stable shoulder with 
an excellent range of modon and strength was obtained in 

twenty-two and &ood ia ei&fat after follow-up of one to 
twenty-six years (avcraae, 6.3 )all). In the sixty-four 
shoulders with a modcrateJ1 ~ Hiii-Sacl,s lesion, 
there were three rccurraaccs <•· 7 per cent) and fony excel
lent, twenty-one aoocs. aacl dlrec poor results after an aver
ace follow-up of 5.3 yean <ranae. one to twenty-three 
years). Jn the sixleen shoulder& wicb severe Hill-Sachs le
sions, there was one recurtencc (6 per cent incidence). 
There were eleven excellent, four JOOd, and one poor re
sult after an average follow-up of three years (ransei one 
to ei&ht years). 

TABLED 

PATHOLOGY, 1941 TO 1976 

T,_.IO / 

. Bmbrt Abaonnalilic:s cJ Hill-Sachs Aalerior lneidcnc:c of . 
Series Lesion Subsapulatis lesion Olcaoid Rim Recurrence 

( P~r CCIII} (Pu cmt} (Pu cent} (Per cent} (Per CCIII} 

Adam$ I (1948) 87 None 82 ''Unusual'' s.s 
Bucman' (1972) 2.1 
Boyd and Hunl• U96S) 4.1 
Brav• (19S5) 86 32 7.3 
Connolly" (1969) 98 10.0 
D'Ansdo" 0970l 100 .. lnfrcqucnf". occ . 100 "Excremcly frequent"": 1.7 

auophy fract., Jl'k 
De Anquin'" (196SI 72 None 100 Erosioft, frequent: 0.7 

rr.cc... No 
DePalma"' (1973) 45 .• Lax.. in l()()'i 75 Emsiaa; 46'1>: fract .. 8.7 

111& 
oa- and Dcvas':··- (19SS ... 64 4.0 

1957) (Banbrfs owa pllieacs) 

DuToit1• (1976) 98 26 24 7.0 
DuToic and R.oux 11 tt9SS) 99 33 Jt s.o 
EYR·Broot11 (19411 76 6S 0 
Gallic aacS LcMesuricr14 (1941) 4.0 
Helfct IS (19S8) 7.0 
Hc:nnodssocl• (19631 100 
Lindholm .. (1974) 4.0 
LoaablnSo and associalcs• (1976) 2.0 
May• (1970) o· 
Morlq- and JIRCS .. tl976) 53 31 2.0 (1963) 

11.0 (197S) 
MoseltJ and Ovap.cl• (1962) 84. ··Lu; ia all casc:s·· 100 1.0 
~e•'(l96S) 90 19 1.4 
Nmcr ... WidCaC (1941) 4S 100 FncL.lK 7.0 
Qtlip:,y ... ~ .. (1973) n S2 S.l 
~ -s associalcs Q11aC1U laiesl IS 17 77 ENiiM. 731&; frac:L. J.S 

(1976) .... 
Slha· (1969) 25 2' 
~-(lf'r-) 62 ''l.llllia ~cae·· 53 fUcc..IK 3.0 
V'IICk- Bdl. (lfjl) 10 St 2.6 
w---..o.cs•nMJ lO 2.0 

, cab·insaanc:c! afteribc ...... lip was sutural securely co ~. cbere ~ foar ftle .. ences amotJ& cbc· eiPI.Y · 
cbc f111CtU1'cd marpa of 6e ....... aacl the mcdial.ftap was sboulders with IIIOCicnle 10 scw:re Hill-Sachs lesioas. aa 
suturc:d over it as reiafon=c••· iaeidence of S per ceaa. which would iadicate dud tbc 

R~SIIIts in /10 Sltoulden wili Hiii-S«<as D~~as pctsence of a sizable lliJI.Sacbs lesion is a maR i...,.artaal 
factor causina inlclliility after a Banltart proc;edare per-

In the thirty sboulders willa a mild Hitt-Sachs lesion. fanned by the techniqae ~bed than is a fracture of cbe ... -
. -- ---··--- --- -- _. ..... - -· ····'·- ... --- -- --··--· ':'- - - .. - _:: - - -'--- :'..t ...:- u,..,", ... ,, ..... - .c .... -- ........ ... ....,..,tTence 

(l) I 
I 

IIIII 
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rate, compared wich the over-all toCUn'CRCe rate of 3.5 per 
cent. is an acceptable incicknce. 

R~sults i11 Slrou/Mn witlr CfMf/1/~t~ 
£tt~rnal Rotation Rt'stort'd 

or the 124 pacien&s whose shoulde~ were evaluated 
by personal interview and examination. eighty-six (69 per 
cent) had complete devation and external rotation com
pared with the opposite shoulder. and only two (2 per cent) 
of these eighty-six shoulders had rcclislogJed afler surgi· 
cal repair. Another thirty (24 per cent) of the 124 shoulders 
had regained 75 per cent of nonnal external rotation and 
had had no recurrences. Thus. of che 116 shoulders with 
return of 75 to 100 per cent of nonnal external rotation, 
only two (1.7 per cent) had recurrent dislocation, while 
two of the other eightlhat had regained SO per cent of ex
ternal rotation or less had had a recurrence, an incidence of 

.25 per cent. The return of complete external rotation fol· 
'towing surgery therefore was not associated with an in· 
creased incidence of instability or recurrent dislocation of 
the shoulder. but rather with a lower incidence. 

R~turn to Athletic Activity 

Seventy-seven of our 161 patients had been involved 
in athletics prior to their shoulder injury, which was on the 
dominant side in forty-six and on the non-dominant side in 
thirty-one. Of the fony-six patients whose dominant side 
was involved, thirty had engaged in throwing sports. Fol
lowing surgical repair; ten (33 pet cent) of the thiny were 
able to throw or pitch a b~batl as bard and a football as 
far as they had before injury, and they could serve hard in 
tennis, swim hard with an o'·erhead· stroke, or "spike" 
(forcefully hit the ball downward over the net) while play
ing volleybalL The olher twenty (67 per cent) could throw 
a football or softball hard and serve hard in ten.nis, but 
could not throw a baseball as hard as formerly. Some of 
these forty-six patients had become superior athletes after 

";·, :~~--~ · ... ;.:!~~ 

shoulder repair. inc:ludin{!. two ~llcae.~R~l~ltwo 
l~gc catchers, one triple-letter man i~ coilcsc. Qrie JXOfcs- · 
!'tOnal basketball player. one collcs~: Ccanis cllampion, ·. 
!'even football players. and one ~ke swimm· 
champion at the U.S. Naval Acade~y ... Onc patient ~
came a Marine and was in combat in Kon::a (Figs. 7-A 
7-a. and 7 -C). Only one of the fony-six paaicnt$ in .wbo~ 
the dominant shoulder was repaired failcd~o return to his. 
original sports activities. 

or the thiny-one patients in whom lhe non-dominant 
shoulder was repaiRd, only one was not able to recum to 
the spons activities in which he had paniclpa~Cd before his 
injury. The other thiny had no limitations and in many in
stances were superior athletes, including tea college foot
ball players, eight three-letter men, five competitive 
swimmers, one hammer-thrower who placed third in the 
Olympic tryouts in the East. an All-New En,land basket
ball center (Fig. 8). a member of the U.S. Olympic Ski 
Team, a college hockey goal-tender, and two college 
weight-liflers. 

These results compare favorably with those reported 
by other investigators. Of Lombardo and associates' 
twenty-seven patients with the dO!tlinant shoulder in
volved, none returned to their original level of perform
ance after a modified Bristow procedure :u. All of the pa
tients of Gallic and LeMesurier 14 and 88 per cent of those 
of Palmer and Widen 41 returned to their normal activities, 
while in the series of Morrey and Janes• 5 per cent gave 
up spons and 22 per cent were forced to limit their athletic 
activities. 

R~sulrs i11 £pil~ptit:s 

There were four patients in our series whose initial 
dislocation and subsequent recurrences were caused by 
epileptic seizures. All had anterior dislocations (epileptics 
usually have posterior dislocations). Three had severe and 
one. a moderately severe Hill-Sachs lesion. All four had 

-·- ~-··-··. ~ .......... --··- . ··- ........ ..- ... , • .,.,..r.ev 
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complete separation of the capsule fn:lm t~ cJcno~ ~m. 
and one had a severe fnc:tun: of the anteraor clcnoad nm. 
After repair, two patien&s had had no n:currcnccs and had 
good shoulder func!lion a1 two and five years. despite con· 
tinuing sei.z.urcs; cmc (Case 5) had bad recurrences; and 
one was lost to follow-up. 

I.Au R«ntgenograpltic Changes 
of the GlenohumerQ/ Joint 

In the 124 patients seen personally " follow-up. there 
was no evidence of late de&cnerativc chances in the 
glenohumeral joint or of myositis ossificans. We believe 

FIG. 8 

One y«~ after a Bantan proc:cdu~ on the left (for a failed llobpuson 
proc:cdu~). this patient was clcctcd All-New En&IMd center in collqc 
basketball. 

lliat in the Bankan procedure used in this study. the soft 
tissues are not traumatiud and stability does not depend 
on scar tissue. Surcical trauma is lessened because the 
holes in the glenoid rim arc small in diameter and because 
the instruments arc specially dcsipcd and . smaller than 
those ordinarily used (f'i&. · 2). Aller Bden-Hybbineuc n:
~. Undholm fouiMlilulcr ,,.,.,·teal of me shoulders 

-~ osceoanlwicic: ...... af IM:clalohumeral joint 
and 4 per cent had myositis. Olliac-;buc he did not indi
cate how long the pMicnts were followed •. 

Coaaplicalioas 

In one paticnt. a fony-scvca-yc•-okl carpenter who 
was operated on in 1953. two sinuses dc,·dopecl ten 

months after surgery. After removal or silk sutures the 
sinuses promptly closed up. and there had been no sign of 
deep sepsis or other sinuses during the ensuing twelve 
years while he continued full-time work as a carpenter. 
After this case we began to use cotton sutures RlUtinely. ·· 
and have seen no funher reaction to suture material. One 
patient had a postoperative ·hematoma that necessitated 
evacuation and closure. His wound then healed unevent
fully. This patient was found to h:~ve a qualitative plalelet 
defect due to aspirin that he had taken preoperatively. Four 
other patients had mild postoperative hematomas which 
absorbed. One patient had thrombophlebitis of the 
cephalic vein which cleared up with warm compresses. 
Another had a weak deltoid muscle postoperatively. which 
gradually improved. Elcctromyograms confirmed that his 
axillary nerve was intact. 1nere were no non-unions of the 
ostcotomized coracoid process after repair by the method 
described. -

Discussion 

There was no evidence in this series that there is a 
single essential lesion responsible for recurrent·disloca
tions of the shoulder. However, the commonest findings at 
surgery were separation of the capsule from the anterior 
glenoid rim (85 per cent), different degrees of the Hill
Sachs lesion of the humeral head (77 per cent), and dam
age to the anterior glenoid rim (73 per cent). In twenty
three (14.2 per cent) of the shoulders there was no evi
dence of the so-called Bankan !esion. In these patients, the 
capsule was redundant in nine, the subscapularis muscle 
was deficient in one, the glenoid fossa was deficient in 
two, and a Hill-Sachs lesion of the humeral head was pres
ent in seven. No findings other than absence of the Bankart 
lesion were noted in the remaining four shoulders. 

The pathological lesions observed at operation for re
current dislocation of the shoulder in twenty-eight series 
are summarized in Table II. The high incidence of 
pathological changes in the subscapularis muscle de
scribed by other authors 1 $· 11 ·~• was not observed in this 
series. The towel-clip test for laxity of the subscapularis 
muscle employed by these investigators did not seem to be 
an accurate way to determine the functional state of the 
subscapularis muscle. In our series, obvious thinning and 
attenuation of the subscapularis was present in J{) per cent 
and direct rupture, in 7 per cent of the shoulders. Since in 
our patieniS this muscle was normal in most shoulders and 
at the close of the procedure it was returned to its original 
insertion without advancement or shonening. we doubt 
that abnormality of the subscapularis is an essential lesion. 
Adams 1 also found no abnormalities of the subscapUlaris. 
and fto(ed that the capsule was sU'ippcd fmm.the front of 
the glenoid .neclc but was otherwise normal. De Anquin 12

• 

in his review of 150 operations for n:current dislocations 
of the shoulder. also did not find sufficicnt lesions of the 
subscapularis muscle ta account for the shoulder instabil-
ity. 

The labrun1 appears to be a variable strucrurc. Town-
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ley 411 • MO$Cicy and Overgaard a~..-. and DePalma ••.u; 
concluded that it is an extension or the capsular lipment 
alont' the rim of che clenoid. In our series, it was cotally 

·~l absent or dcs&rovcd in 73 per cent of the shoulders, well 
focmc:d in 13 ~ cent. and displaced into the joint (rc-

·;, scmbhng ~- buckec-banM~'ctar of a meniscus in the knee) in 
14 per cent (Fi!-; 5). ~lmer and Widen 41 found a 3 per 
ccn( incidence of buckcl~ &earS of the labrum in their 
series, and DuToit and.R<Mix 11 , an II per cent incidence. 
Watso~-Jones u. Bateman •, and Brav ' mentioned 
buck:~t-handle tear$ of the labrum. but did not 1-ive their 
incidence. We agree with D'AnJelo 11 that the labrump~r 
s~ plays a minor "* in stability of the shoulder. 

Separation of the capsule from lhe -rim of the glenoid 
was the most significant and frequently found lesion in our 
series (85 per cent) (Fig. 4). However,.Magnuson »con
cluded chat the capsule·:of. the shoulder has nothing .. what
ever to do with holding the head of the humerus in the 
glenoid, and others "·41 agreed with him. Conversely, lhe 
first line of defense against recurrent anterior dislocation 
was considered to be strong reinforcement of the capsule 
along the anterior rim of the glenoid by many other au
thors, whether· by a bone block 13 ·2.2·11•

41
, fascial rein

forcement u 4 , metal implants 3~.3•. bone-pedicle trans
plants zus, muscle and capsule reinforcement t.t.t.3t.•o, or 
direct suture of the capsule to the rim of the glenoid or 
neck of the scapula ...... lo.n.luo.21.23.4t.••·u;St. 

The question is -often asked ... Does shortening of lhe 
capsul~ account for the effectiveness of the Bankart proce
~ure, rather than its reattachment to the glenoid rim'?" 
Shortening undoubtedly is a factor, especially in patients 
in whom no Bankart.lesion is found at surgery. In our se
ries, we did not deliberately attempt to shorten the capsula 
or restrict external rotation of the shoulder. However, 
whenever the capsule is opened and repaired it m11st be 
shonened to some extent. To avoid restricting external ro
tation, as previously noted, the shoulder should be exter
nally rotated completely before the vertical incision is 
made in the capsule just lateral to the glenoid rim (less than 
0.5 centimeter). By. doing this, the shoulder with the arm 
at the side could be rocated 25 to 30 degrees with ease at 
the end of the operaliYe procedure in this series. 

Although fractures of the ·anterior rim of the glenoid 
wer'e n6ted by several in\ltstipcors, their role in recurrent 
disl'Ocation has not been established. D'Anaelo 11 fouad a 
31 per Cent incidenee of fractures of the anterior atenoid 
rim in his series, while che iacideace found by Palmer and 
Widen 41 was 20 per ccat; by Symeonides 41 , 18 per cent; 
and by DCPalma 11

·". II per ccoL DePakOa stated that un
less the f~ sialoid foaa was built up by a bone 
gn(t, it .. may be.-.., impossible to restore muscle 
~~·-~•;battbiis· 7 Dl[pll!tWISnot_.patcclin• 

· fiftY~ ~ wio liill r.w::..res of tile ctcaoid rim :in
volvia& from oi\e-sida ........ ird of the stenoid fossa. 
After direct su~ of 6c Cllflllle 10 dle ICIUioiq glenoid 
rim with no bone ,..as or trlnlllplucs, only 2 per cent of 
these dislocllions ...... aa incidcace l.S per cent 

lower than in the whole series (3.5 per cent). Eishty-four 
per cent of these fircy-onc: patients also had a Hill-Sachs 
lesiocl or che humeral head. The effectiveness of the Ban
k.rt repair in patients with a fracture of the slenoid rim. 
which was a sll(prise co us, emphasizes che imponance of 
rcconstruecinr. a stable capsular ban'i« to the humeral head 
alone the an&erior rim of lhe glenoii 

Opinions u to the effect of the Hill-Sachs lesion on 
the subility of the shoulder afler Bankart repair vary. 
Palmer and Widen 41 stated that the Hill-Sachs clcCect w.S 
the essential lesion of recurrent anterior dislocuion, and 
thai when it is present, dislocation may recur even after the 
capsule and labrum have been repaired unless ~lerna! ro
wian is restricted. preventing the defect from coming in 
contact with the glenoid rim. They recommended placing a 
bone graft at the glenoid rim (Hybbinette-Eden technique) 
to prevent the head defect from slipping over the rim. 
CoMolly transplanted the tendon of the infraspinatus 
muscle into-the head defect, using the procedure deScribed 
by McLaughlin for recurrent posterior dislocations 11 • In 
our series, the siz.e of the head defect did influence the in
cidence of recurrence since the recurrence rate was 4. 7 per 
cent in the presence of a moderately severe defect and 6 
per cent in the presence of a severe defect. These rates 
compare favorably with the recurrence rate of 7 per cent in 
Palmer and Widen's series 41 and the 10 per cent rate in 
Connolly's series 11

• 

Although it has been stated that return of complete ex
ternal rotation of the shoulder following surgical repair· 
is associated with an increased incidence of recur
rence '·1

'·
41

• only two (2 per cent) of our eighty-six pa
tients with complete external rotation and a complete range 
of motion had recurrences, and none of the thiny_ patients 
with 75 per cent of normal external rotation had a recur
rence. Conversely, in our eight patients whose external ro
tation was limited to less than 50 per cent of normal. two 
~ad recurrences. an incidence of 25 per cent. Therefore, in 
our series the return of maximum external rotation was as
sociated with an increase rather than a decrease in stabil
ity. We found in this follow-up study that any restriction of 
external rotation can be a handicap in !lthletes who need 
complete elevation and external rotation in such above
the-shoulder activities as serving in tennis, pitching a 
baseball, tluowing a football, making a lay-up in basket
ball, swimming, and gymnastics. Some types of work, 
such as plastering, painting, and paper-banging, also re
quire full sJtc)ulder motion. 

A frequent question is. ••What does one do when no 
Buk.art lesion is found at surgery?" In the small group of 
twenty-du-ce such patients in our series, the most consis
taat ~ve ~ndinp were a "benaiatcd.. or .. rcdun
daat .. capsule iD S.pcr cent and a Hiii-SIICbs lesion of the 
~ lad i•i 30 ·per C:ent. Tbcrc were evidc:ady oehec 
fllctors dlal we did not identify. such a neuromuscular · 
imbalance (as empbasit.ed by DePalma 11•

1
• and · 

Symconides 41), and n::uototsion of the humetuS (as de
scribed by Sllha 47). The most reasonable procedure to 
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CUT)' out in this croup, it seemed tO US, was tO reinforce 
lhe capsule alonalhe anlerior rim o( the &lenoid as already 
described. This evidently was c«ectivc, since after an av
eraae follow-up of eiaht yea'S cipaeen patients had had no 
'itcun-cncc. One had had recurrences and four were lost to 

follow-up. ·· 
Also asked is the question, "What have been the 

fihdinss in shoulders in which no Hill-Sachs lesion was 
present, and how should they be treated?" In our series 
there wen twenty-nine sbouldcn in which no Hill-Sachs 
lesion was found. Of these shoulders, twenty-three (72 per 
cent) did and nine (28 per cent) did not have a typical Ban
kart lesion. Tbcre(ore, a 81nkart ·lesion was found more 
frcqucn~ly in shoulders with no Hill-Sachs lesion (72 per 
cent) than a Hill-Sachs lesion was found in shoulders with 
no 81nkart lesion (3Q.-per. 'cenl}.: .. The -~ecurrcnce rate in. 
sho~ldcrs with no Hill-Sachs lesion was 4 per cent, almost 
as high as the rate in those with a Hill-Sachs lesion (5.4 per 
cent) and much higher than the rate in shoulders with no 
Bankart lesion (zero per cent). 

Morrey and Janes 3' cautioned against a short-term 
follow-up study, pointing out that such a report from the 
Mayo Clinic in 1949 gave a recurrence rate of only 1.4 per 
cent, whereas a subsequent report from the same clinic, 
with ·long-term follow-up, showed a recurrence rate of II 
per cent. We agree that a short-term follow-up report can 
be misleading; however, in our series, which included 
forty-eight patients followed for five to thirty years, there 
were five recurrences: three within one year of surgery, 
one after two years, and one after ten years. Of the eight 
patients referred to us because of recurrence after repair, 
the· recurrence had been sustained during the first post
operative year in three, within two years of surgery in 
three, and after five years in one (leaving one patient. for 
whom no information was available). Therefore, of these 
eleven postoperative recurrences, nine (82 per cent) oc
CUlTed within two years of surgery. 

Morrey and Janes a sugges~ that a short period of 
postoperative immobilization may be a factor contributing 
to an increased recurrence rate. This, we think. would -de
pend on lhe type of sur&ical ~pair employed. Procedures 
such as muscle and tendon transplants (Bristow and Mag
nuson operations) or bone-block operations (Hybbinette· 
Eden and De Anquin repairs) would ~ire a period of 
immobiliZation long enoup·. to ensure healing of the 
ttanspl111~ tendon or bone .. With the technique used in 
our series. no postoperative immobilization was used in 

the second half of the series (eighty patients-with an aver
aae follow-up of three years) and three to six weeJcs of 
immobiliZIIlioa was used in the fint half (sixty-five pa
tients wilh 111 na'81e follow-up of 9.S years). Of the five 
recunaac:es, two were in the formtr group and three, in the 
Iauer IIO'JP· · 

Coasequcntly, postoperative immobilization did 
not seem to be a sianificant factor. 

Is the incidcnc:c of recurrence following surgical re
pair hiper in paaients with a family history of shoulder 
disloc:alions? Money and Janes a n=poned that 30 per cent 
of the pos&opcraeive recurrences in their series were in 
such pldcnts. Information concerning family history was 
available in only one of our five patients with recurrence. 
In that instance, no one in the family had had a shoulder 
disloadon. 

In our five patients whose shoulder dislocations re
curred, there were several significant factors that appeared 
to contribute to the recurrence. Two of the five were 
loose-jointed and their initial disiocation and subsequent 
recurrences had been atraumatic or produced by minimum 
trauma. The experience of DuToit and Roux zo was similar 
to ours. three of their seven recurrences being in patients 
with excessive ligament laxity. Our present approach to 
this type of shoulder instability is to start the patient on a 
schedule of specific resistive exercises to the shoulder. In 
the majority of our patients the shoulder instability was 
eliminated after muscle strength improved, and surgery 
was not needed. 

The other three patients whose dislocations recurred 
had major trauma to ·the shoulder after repair, similar to 
that which produced the initial dislocation (roping a steer 
at a roc:lto, an epileptic fit, and a violent fight). One of 
these puients had a single recurrence and after resistive 
exercises for the shoulder muscles he.had no more recur
rences during the ensuing fifteen years. . 

The lessons learned from this study, we believe, are 
that if the meticulous technique described is used, de
generative changes in the joint can be avoided, as well as 
myositis ossificans. In addition, the patient can ·regain a 
full IIDJe of shoulder motion and return to full participa
tion in sports: (I) if the capsule is incised vertically just 
lalcrllao tile glenoid rim while the shoulder is held in full 
extemal IOtation. thereby ensuring that the repaired an
terior~e is not too tight; and (2) if the shoulder is not 
ill1dlCIIIWiizcd postoperatively, so that early resumption of 
motioa·and function is possible. 

...... _.., 
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LEGENDS 

Figure 1. Photograph of the screws used in this study. A) 5.0 mm LactoSorb™ 

cancellous screw. B) 5.0 mm stainless steel cancellous screw. C) 3.5 

mm LactoSorb™ cortical screw. D) 3.5 mm stainless steel cortical 

screw. E) 4.0 mm LactoSorb™ cancellous screw. F) 4.0 mm 

stainless steel cancellous screw. 

Figure 2. Schematic diagrams showing placement of the diaphyseal and 

metaphyseal trephine osteotomies and lateral f~moral condyle 

osteotomy 

Figure 3. Locations for the indentation testing, including four points on the 

bone plug surface and seven points on the surrounding metaphyseal 

bone surface. 

Figure 4. The left lateral femoral condyle osteotomy was healed in two months. 

Figure 5. A) Two months after the surgery, polymer screw material was seen 

in the screw track in this cortical trephine osteotomy, with callus 

around the screw head. B) By seventeen months, the screw track 

was filled with bone tissue and no evidence of any polymer material 

remained. 

25 

Records processed under FOIA Request 2014-7162; Released 10/29/14

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Figure 6. At two months in both the trephine metaphyseal and lateral 

Condyle osteotomy, polymer screw material was clearly seen in the 

screw tracks (A and D). For the nine month time period, polymer 

Screw material was still seen in the screw tracks but the amount was 

much less than that at two months (B and E). At fifteen or seventeen 

months, the screw tracks were still present but no evidence of any 

polymer material remained. The tracks had filled with fibrous and 

adipose connective tissue (C and F). 
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