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A Glossary .of some of the Terms Id th special meanings used 
in the ~Tork. 

Angulation: the angling of the broken femur fragments, usually 

into a vee which protrudes from the wound. 

Compound Fracture: a fracture with fragments overlapping. 

Compression: forcing the fracture faces of fragments together 

to ensure intimate contact. 

Distraction: 

Fragments: 

Medullary CaVity: 

Mid-sbaft: 

Reduction: 

Wet Bone: 

the process of moving the possibly overlapp~ng 

fragments apart. 

the separated pieces of a broken bone. 

the marrow cavity of the long bone. 

applied to the femur indicates the middle of the 

part of the bone, which is approximately cylindrica~ 

as opposed to the neck of the femur and the hip and knee . 
joints 

the processes of moving the separated fragment ends 

together and into al ignment. 

bone which is not dried, used in this work mainly 

to sj",,,late living bone. 
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ABSTRACT 

This project came into being following a. request from a practicing 

orthopaedic surgeon. The request was for a study of the mechanical means 

of gripping and aliening the fragments of a mid-shaft fracture of the 

human femur, under surgical conditions. 

The initial tasks involved finding out why the problem existed, and 

to specify the requirements of anY possible designed solution. At first 

therefore, the research involved observing the surgical techniques and 

the performance of existing tools, and from these observations the initial 

design specification was drawn up. Once the underlying cause of the 

problem was realised it was apparent that an effective means of gripping 

wet bone had· to be found. In this aim it was necessary to research the 

nature of the varied bone fragments, and from this point it was possible 

to devise and evaluate possible wet bone gripping arrangements. Though 

here some basic research into the holding ability of steel points on bone 

had to be undertaken. Various arrangement~ of grips using points were 

tested on animal bone, and the basis of what proved to be an effective 

bone grip was eventually produced. 

Having a reliable means of gripping the wet hone the mechanical 

methods of fragment manipulation were eXamined. At this stage an atte~pt 

was made to ·incorporate the manipulator. and bone grips into a single 

·comprehensive unit. The aim being i;hat any pair of fragments could be 

manipulated directly into alignment using a single ·tool. Several 

schemes of varied complexity .. ere produced, and t,TQ were manufactured and 

. tested, however, all the schemes lacked versatility and none satisfied 

the requirements ccmpletely.· 
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From the analyses undertaken during th: design stages of the 

comprehensive manipulating device certain methods of producing each 

movement held appeal, and it was realised that these could be . 

incorporated into a fairly simple fragment manipulating attachment 

. which could be used with hand-held bone holding grips. Suit able hand

held grips were designed and after tests on animal bones patents were 

taken out by Loughborough Consultants Ltd •. A prototype hand-held bone 

holding grip was manufactured and used ·in the operating theatre. A scheme 

for a fragment manipulating attachment, for use with the hand-held grips, 

was then drawn up and a prototype manufactured. This was first tested 

on a model leg and finally on a prepared cadaver. The attachment fitted 

to the bone holding grips produced the movements as specified. 

Finally the attachment design was incorporated into the previ ously 

mentioned patent. specification. 
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INTRODUCTION: 
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1.0 INTRODUCTION 

Compound mid-shaft fractures of the human femur present difficul-

ties to orthopaedic surgeons when realigning the fragments. The problems 

arise because the muscles and tissue which surround the misaligned 

fragments tend to hold them in that position, the forces acting to main-

tain the separation of the fractUre faces. Occasionally alignment by 
1 

external manipulation or tracticn is possible or by a teChnique known as 

closed nailing: For a considerable number of fractures similar to that 

shown in Figure 1, the realignment is carried out in the operating 
3 

theatre using surgical teChniques. During the operation to realign the 

fragments, extreme difficulty can be experienced in gripping the blood 

'covered bone •. 'The fragments have to be moved against the force exerted 

by the muscles and frequently. the gripping device slips across the bone 

surface. The problem is aggravated by the confined nature of the Vlound, 

the incision necessarily leaving little free space for substantial bone 

grips. Together .with this,. the space immediately above the ;round is 

restricted, since hand and pOVler tools are likely to be used during the 

operation. And, attachments to the table or floor are pr.::vented by the 

need to move the leg. 

During this work it has been necessary to analyse the use and 

. performance of equipment available in order to derive a· design specifica-

tion. Designs were produced and prototypes ·tested on models, on animal 

bones, on a living patient in the operating theatre, aud on a cadaver. 

During each stage, consultations with surgeons resulted in agreed changes 

to the specification. 
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The purpose of this work is therefore to determine: 

(a) the re'lllirements for gripping and aligning the fragments 

under operating 'theatre oonditions and accordingly to 

produce a design speCification, and 

. (b) a design or the basis of a design ~Thich satisfies the 

specified re'luirements. 

Figure 1 showing fracture,taken from 
X-Radiograph. 

All the units used in this work accord with the Imperial 

System and the drawings and figures are drawn in third angle 

projection unless stated otherwise. 



CHAPTER 2 

RESUNE OF THE SURGICAL TECmUOUES FOR TH1'1 OPEN 

REDUCTION AND REALIGNHENT OF COI-IPOUND }!ID-SHAFT 

FRACTURES OF THE HmAN FE~!UR. 
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2.0 RESUHE OF THE SURGICAL TECIDTIOUES FOR THE OPEN REDUCTION .HID 

REALIGNHENT OF COHPOUND J.lID.SHAFT FRACTURES OF THE HUMAN FEl1UR. 

There are two basic open reduction techniques for aligning 

. compound fractures of the human femur: 

(a) by 8l1.gulating the fragments into the wound and pressing 

them d01ffiwards and into' alignment (see Figure 2), and 

(h) by using a mechanical separation device attached to such 

as, Lowman bone clamps or forceps. The Lowman clamp and 

attachment are shown on Figures 5 and 6. 

Once the fragments have been brought into alignment there are 

two commonly used methods of securing them in place, these are: 

(a) by fixing a plate~ (see Figure 3) ont~ the fragments so 

as to bridge the fracture externally, and frequently 

(b) by driving a medullary nail (see Figure 4) down the marrow 

cavity of the bone so as to bridge the fracture internally. 

(The detailed description of the surgical equipment used, and its 

performance is covered within sections 2.4, 2.5, and 2.6 of this Chapter.) 
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2.1 The Angulated Frar;ment Technique. 

This technique is illustrated in Figure 2:,and Figure 8 show·s a 

series of photographs taken from a cine film made to analyse the operation 

sequence and equipment performance. 

Providing no influential complications exist, and after preparation, 

the operation begins with a deep longitudinal incision of about 10 inches 

in length in the upper and outer aspect of the thigh. When the frag

ments are visible the muscles and tissue are folded back to expose the 

fragments on either side of the fracture. The tround may be held open 

wi th metal retractors placed over the tissues, or by other hand held retractor 

The fractured end of each fragment is lifted in turn to be examined and 

cleaned. Once the area of the fracture has been treated, the method of 

aligning and means of securing is finally decided. With the 'angulation' 

technique, the ends of· the fragments are brought together by 'bunching' 

the thigh tissue beneath, so that the fragments form an inverted vee 

protruding from the wound. At this point., and assuming a plate (see 

Figure 3) is to be used, the surgeon grasps the fragments with forceps. 

An assistant helps in this and the fragments are pressed downwards. 

Simultaneously a second assistant pulls on the foot while a third may 

hold down the abdomen. A. fifth member may add to the separation of the 

grips (see Figure 8). In this manoeuvre the fragments are levered about 

the fracture face into alignment. The fragments are held in the aligned. 

position until the plate, Figure.3, is fixed in p~ace with surgical self 

tapping screws. The screws are set in holes drilled in place through the 

held plate. 



, 
1. Leg Positioned 

2. Incision 
oode an 
Muscle 
folded 
back to 
Expose 
l!'ragmenta 

3 •. If a Medullary Nail is 
to be used - a Soo11 
Incision is oode at the Hip. 

4. Fragments 
Lifted into 
The ~lound 

, B ' (Clear Ci vi ties if 
'Nailing' ) 

f~~--", 

c::t> F' xx 
Viewed from 'A" 5. Major Ferce F"" Applied as the 

Fragments are Pressed into 
Alignment 

<2(;08> 
View from 'B' 

S>' 

6. Ji'ragments held in Line as the 'Nail' is 
Driven into the l1edullary Cavity or as 
the 'Plate' is fitted 

The Angulation Technique, shown with Medullary Nail and Plate Options 
for securing the Aligned Fragments. 
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Figure 3. Plates us.ed to bridge 
femur mid-shaft fractures. 

Had the surgeon decided to use a medullary nail of appropriate 

diameter and length (see Figure 4) to secure the fragments then, at 

the point before the fragments were levered into alignment tho surgeon 

locates the top of the femur at the hip, and makes a short incision to 

expose the bone. To·do this it is necessary to turn the patient towards 

his side and to lift the leg being operated on above the uninjured pne. 

Next he drills, using a long shanked bit as shown in Figure 4, to clear 

. the marrow cavity of each fragment •. Drilling is from the fracture.face 

so that the bit protrudes from the incision made at the hip when dealing 

with the upper fragment, and clears just sufficient length wh6~ dealL~g 

with the lower fragment. 
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Figure 4. Medullary nail .and long 
sbanked drill bit. 

When the marrow cavity is cleared, the fragments are forced 

into alignment by the technique described earlier in this section. 

The aligned fragments are held in place as the medullary nail is 

driven down the marrow cavity from i;he opening at the hip, as shown 

in Figure 8. 

Once the fracture is bridged it remains for the wound to be 

. stitched up. 



-8-

2.2 The Technique of using a Nechanical Separation Device Attached 

to Clamps. 

'The incision is made as described in 2.1 and the operation proceeds 

in this manner to the point where it is decided to use Lowman bone holding 

clamps. It may be necessary to clear the cavity as before if a medullary 

nail is to be uoed. The Lowman clamps are fitted to the fragments, at a 

distance of between 1.0 and 2.5 inches from the fracture face, and the 

separation device, as' shown in Figure6,is positioned bet<Teen them, Fi~xre 

7 being an enlargement of the threads used to screw the fragments apart. 

The fragments are separated a~d directly manipulated into positiom. The 

nail is driven dcwn the cavity or the plate fitted. After removal of the 

clamps, the wound is stitched up. 

Similar distraction attachments to that used on the Lowman bone 

holding clamp are manufactured for use with such as Lane bone holding 

forceps. They work in much the same way as the distr'action apparatus 

based on the LOvllnanbone holding clamp, that is the overlapping fragrlents 

can be mechanically separated and the fragment ends brought into align

ment. A notable advantage of the mechanical distraction, devices is that 

the fracture faces can be brought intimately together. so that a degree 

of 'compression' is produced. 





Figure 5. 
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Figure 6. Distractiom 
Apparatus. 
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Figure 7. Attachment 
detail showing 
threads. 
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Figure 8(a) A fragment of the femur being lifted 
from the wound. 

Figure 8(b) Drilling down the 
top cavity. 

Figure,8(d) Driving in 
the medullary 
nail. 

Figure B( c ) Aligning the 
fragments by 

. 'angulation'. 

Figure B(e) Stitching the wound. 
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2.3 The effect of Complications such as Fractures of Other Bones. 

(a) in the Leg such as the Tibia and (b) in other p9.rts of 

the body, 

(a) \then an accident occurs where a strong bone such as the 

femur breaks, it is not unusual for other bones in ·the body to be 

broken at the same time. Frequently the tibia is broken. When this 

occurs the tangulation.technique favoured by many surgeons is 

hampered. The pull on the foot cannot be directly applied to the end 

of the broken tibia. In cases like this, it is common to drive a 

pointed pin through the knee, above the tibia fracture, and to fasten 

a stirrup on to the pin. The stirrup extends beyond the foot so the 

pUll can be applied without disturbing the fractured tibia. 

(b) When other bones in the body are broken, perhaps ribs, it may 

not be possible to hold the trunk when the force is being applied to 

the foot. Here it may be necessary to provide other means of support, 

which co~ld hamper the movement of the patient as the operation requires. 
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2.4 A Reviel'/ of ..ihe Special Equipment used in an Open Reduction 

Operation to Realign a Fracture of the Human Femur, 

and an appraisal of their use. 

The special surgical equipment available for use in this 

operation has evolved over a number of years. The tools can be grouped 

into five categories: 

(a) forceps and the like; 

(b) special clamps, with or without attachments used to separate 

the fragments; 

(c) specially modi{ied grips, such as Charnley bone forceps and 

vice grips; 

(d) medullary nails and plates, and 

(e) other special tools. 

Since any equipment designed must be used with medullary nails and 

plates, these items must receive consideration. The forceps, clamps and 

grips are used with such a degree of effeet that the writer has 

endeavoured to deduce from their performance certain essential and othel~ 

wise unavailable information. The study of these devices has provided a 

valuable insight into the theatre working methods and the necessary degree 

of manual skill. 

(a) Forceps and the Like 

Lane bone holding forceps are ~pical of this type of tool and 

though there are numerous other patterns which have been examined and 

discussed with surgeons it is intended to restrict this section to the 

Lane pattern. The Lane bone holding forceps are commonly used, and are 

available with a self-locking attachment which bridges the handles at the 

ends. A pair of Lane bone holding forceps are sho.m in Figu"t'e 9, Figure 

10 is an enlargement of one ~pe of jaw. 





- 13 -

-----...... - ,:,'-,.,-..... ~ 
_"T,,_'-~' """....!.:.:..: "_'_" 

1-- _______ . __ _ 

Figure 9. Lane bone holding forceps. 

The Lane forceps provide an effective means of gripping wet 

blood covered' bone. An early analysis of ,the leverage on the points 

was the first stage in determining the force necessary to hold the 

fragments. 





Figure 10. 

- 14 -

' ... '. 

!2 

. ' .. : ... I 2 

An enlargement of the jaws of one type 
of Lane bone holding forceps. 
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(b) LOh'l!lan Clamps a!ld )listraction Attachment 

The Lowman Bone Holding Clamp is manufactured for use on the 

fel!lur. A pair of LOw-man Bone Holdin& Clamps are frequently fitted 

lath a distraction (or separation) attachment (see Figures 5 and 6), 

and used as' described in 2.2. 

The Lowman clamps rely on large serrated pads to grip the bone. 

The configuration of the pads is such that a plate, Figure 3, can be 

posi tioned between the open jalm of each cl.~..:nP. 

The distraction device enables the Lowman clamps and the opposing 

fragments to be separated by means of a screw thread which runs between 

the clamps. Alignment is achieved by either rotating the clamps and 

fragments about the screw thread or by sliding the clamps vertically 

apart. 

(c) Specially }\odified Grips 

A range of modified engineerin& tools are used for bone holding. 

Vice-grips are available with special jaws and attachments. The 

.. modified Cr~rnley bone holding forceps are available with a range of 

attachments and a locking device. (see Figur!'lll.) 

Generally these tools are not used in mid.-shaft femur operations. 

They are however, effective bone holding de-lices and as such they we,re 

examined. It is noted that the Charnley grip is very versatile .and, 

with the various attachments, can be used in a number of r~les. The 

comments on the vice-grips indicated that the tool left something to 

be desired in the way of sensitivity when the grips are be~~g attached 

to the bone. Hodified vice-grips are not generally used for this 

operation. 
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Figure 11. The modified Charnley bone 
holding forceps, with attachments. 

(d) l-ledullary Nails and Fixing Plates 

These are devices used to bridge the fracture (see Section 2.1, and 

2.2). The nail by passing down the marrow cavity and the plate by fixing 

to the fragments with self tapping screws. The medullary nail is 

withdrawn easily from the hip and without major surgery. The plate on 

the other hand is only removed if it causes pain, and this requires a. 

further deep incision operation. 

The plates and medullary nails aresho~ll in.Figures 3 and 4 

respectively. Both medullary nails and plates are available in a. variety 

of patterns and sizes, to meet the special requirements of each fracture. 



\ 
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(e) Other Special Tools 

These include the s~lf tapping screws and the screw driver, . the 

drill, the long shank bit, the hammer and drift, and special plate 

holding tools. All perform as required. 
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2.5 Summary of the Performance of the ).lain Pieces of Bone Holding 

Equipment used for the Open Reduction of Compound Fractures of 

the Human Femur. 

In order to establish the criteria for assessing bone holding 

tool performance, it was necessary to observe the devices in use. 

Because of the differences in individual patients it was also necessary 

to question experienced surgeons. 

The criteria chosen at this stage related to function only, and 

these were: 

(a) the ability to hold wet bone during manipulation; 

(b) the effectiveness of the grip on the fragments while the 

medullary nail or external plate is being fitted; 

(c) the likelyhood of· damage to the bone; 

(d) the compactness of the device and the lack of interference 

to the surrounding tissue and the space required for the 

use of other tools, and 

(e) the ease of .fitting and removal from the bone. 

In order to assess the performance of the tools, simple tests 

were carried out using sections of dried human femur and freshly killed 

pig bones. Becs.use of the differences in the prinCiples of operation, 

direct comparisons relating the holding ability of each grip were not 
. . 

possible. Information on the performance of the tools was gained by 

observation and by questioning surgeons. The devices considered in 

detail against the above criteria were the Lane bone holding forceps - -

(see Figure 9) and the Lowman clamp (see Figure 5). Though, the perfor

mance of all the bone holding tools considered is summarised in Table 1. 
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The outcome of the assessment: 

Criterion (a) 

Lane bOlle holding forceps. These hold the fragment well .~hen firmly 
, 

held. Th~y also hold during manipulation, but if the hand grip is 

relaxed as the manoeuvre is accomplished, then slippage is likely to 

occur. The likelihood of relaxing the grip is removed when the self 

locking bridge piece is fitted (to hold the arms of the forceps in the 

'closed' position). The force on the points was estimated to be 120 lbf 

from a 30 lbf hand force acting through a 4 to 1 leverage. V/hen the self 

locking bridge piece is not used, frequently, more than one person holds 

each pair of forceps (see Figure 8). Additionally over tightenll1g the 

grip can cause flexing of the handles or damage to the rivet. During 

tests on dried human bone and wooden bars, it was noticed that it is 

possible to rotate the forceps about a single pair of the two pairs of 

pOints, or to drag the points across what would be the top edge of 

. the circumference of the femur. In both instances slipping ~Tould occur. 

Lawman bone holding clamps: Surgeons commented that the Lowman clamps 

frequently lose the grip and only one out of five surgeons questioned 

favoured their use. Under test on a section of dried human bone the 

feet located well. On the model under examination (see Figures 5 and ~) 

the grooves ran parallel with the major axis of the bone and in line 

with the direction of the force causing slipping. The fixed configuration 

of the feet on this tool, particularly with the four footed model, must 

contribute to inadequate location when bowed or irreg~larly sectioned 

femurs are encountered. Under t],ese conditions the clamp ~Till have to 

be positioned carefully and the ideal positioning could be restricted by 

other factors such as space required for tools or plates, or the wound 

posiUon. 
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LO~lIDan bone holding olamp fitted with distraction apparatus (since the 

LOlmlan bone holdillg clamp is frequently used with a distraction 

apparatus this is included here rather than under a separate heading). 

The distraction apparatus (see Figure 6) restricts certain manipulative 

movements, houever, notionally it makes the separation of the fragment 

ends easier by providing a mechanical means of doing this. vii th the 

fragments firmly held apart they can be brought into alignment by 

rotatjng the clamps in opposition about the thread. A disadvantage of 

this arrangement is that as the fragment ends are brought from the 

overlapped position and are separated,the clamps must hold against the 

full muscle force. k further disadvantage is that surgeons may have a 

preference for a method of producing alignment by a means which is 

precluded by the design of the mechanism. 

Criterion (b) 

Lane bone holding forceps. These are capable of supporting the frag

ments in line while a medullary nail or plate is positioned. Even with

out' the bridge-piece, and ~li th 'spiral' or elliptical fractures, the 

forceps are in regular use. However,. they do slip and ofttln require more 

than one person to hold the location of each fragment. The plate is 

fitted along the lino which runs between the centre of the jaus. Holding 

the location is greatly eased by using a self locking bridge-piece, but' 

difficulties stili occur. 
'. 

Lawman bone holding clamps· These by virtue of the screu action, lock 

on to the fragment as they are positioned. The plate 'is set to ~~ 

betueen the open side of the jaws of each clamp • 

. Providing each grip holds the location, the problem of securing 

the relative position of each fragment during the fixation of the medullary 
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nain or external plate is greatly eased by ~he distraction device. The 

attachment holds the fragments in place, and it is only necessa~J·to 

prevent t~e clamps from turning about the thread. 

Criterion (c) 

Lane bone holding forceps. When these are used normally, little damage 

occurs to the bone. However, when the forceps slip along the bone they 

do scratch the surface. 

Lowman bone holding clamps: With the broad feet and serrations the clamps 

do not normally mark cylindrical bone deeply. They do however mark bones 

with an irregular cross section, that is when a protrusion locates on a 

few serrations. Additionally these clamps are reported as 'requiring 

caution when tightening on a 'splintered' fracture'. Also"~lhen the 

clamps slip they mark the bone surface. 

Criterion (d) 

Lane bone holding forceps. These present no problems in this connection. 

Lo~wi.n bone. holding clamps: The clamps alone are of convenient size; and 

normally they present few positioning problems. With bone of irregular 

cross-section or with a 'splintered' fracture positioning can cause 

difficulties, particularly with the attachment in place. Also, the thread 

of the distraction apparatus demands a certain clearance since it is 

turned with a tommy-bar arrangement. If a plate is to be fitted, the 

open side of the feet must be conveniently placed relative to the wound, 

thus causing further positional constraints. Normally other tools are 

used llith both clamp and distraction devices in place. 

Criterion (e) 

Lane bone holding forceps. Even with the self locking device, these are 

positioned and removed ~'Jith ease. With d=ged or irregul=ly shaped 

( 
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bones there may be some dHficul ty in findi ng a sui table holding 

position. 

Lowman bone holding clamps. These are less easy to position and 

remove than the Lane forceps. They suffer from the disadvantages 

mentioned when positioning on damaged or irregularly shaped bones 

and demand certain other considerations when used with the distraction 

d.evice. Under normal circumstances they are fairly easy to position 

and remove. 



. Table I 

Lane Bone Holding 
Forceps 

. 

Lowman Bone Holding 
Clamps 

Lowman. Bone Holding 
Clamps with 
Distraction Attach-
ment. 

Performance SIllllIIl!Il'Y of Seleoted Items of Existing Equipment • 
(Based on observations and comments made by surgeons from one hospital) 

Usefulness for Ability to Effectiveness Likelyhood Compactness Ease of 
this operation hold wet bone of grip while of' damage and lack of. fitting 

during mani",:, medullary nail to bone interference a.'ld 
pulation or plate is to surround- removal 

being fitted ing tissue 
and essential 
space 

-
Used regularly Occasionally . Self locking When slip- Satisfactory Easy to 

slips, self type is effeo- ping ocours fit and 
looking ty?O tive but must remove 
better be held 

Not frequently }!oderately Difficul t to Not muoh Generally Less easy 
used effective hold without except when satisfaotory than Lane's 

distraction the fragment but satis-· 
device is splintered factory 

or when slip-
ping occurs 

Occasionally Moderately .l'/hen grip holds, Generally Satisfac- . 
used effective the fragments satisfactory tory 

I are held in " " though obst-
place ruction oan 

occur 

(Continued over page) 

N 
~ 

I 



Table,l (Continued) 

Usefulness for Ability to Effectiveness 
this operation hold wet bone of grip while 

during mani- medullaI"J nail 
pulation or plate is' 

being fitted 

, 
Specially mOdified Not generally Such as 
Grips i.e. Vice used for mid-' Charnley -
Grips and Charnley shaft' operations bone holding 
Bone Eolding Forceps forceps very 

I effective 
particularly 
in fractures of 
bones smaller 
than the shaft 
of the femur 

Likelyhood Compactness 
of damage and lack of 
to bone interference 

to surround-
ing tissue 
and essential 
space 

Sensitivity 
of the vice -
grip action 
causes 
concern 

. 

Ease of 
fitting 
and 
removal 

Vice 
grips lack 
sensitivity 

. ' 

J\) .... 
I 
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2.6 Prices of Bone Holding Tools and 11anipulating Attacbments. 

Hospitals have numerous-suppliers of surgical tools, and a 

'contract' system is occa.sionally available \'hereby reductfonsin the 

market price are achieved. To determine the prices of equipment, 

reference was made to various price lists and advice sought from a 

hospital dispensary capable of indicating the cheapest sources of 

equipment. Table 2 summarises the prices of the equipment currently 

on the mark~t. 



Table 2 Prices in Pounds Sterling of Various Pieces of Eg)lipment. 
(Prices quoted are taken fro~ Manufacturers Price Lists) 

Rocket of DOlIDS Downs 
London Surgical Ltd. Surgical Ltd. 
October 1975 1975 1971 

Lane Bone Holding 14.4 23.32 13 
Forceps without Lock (15t in) (15t in) (15t in) 

Lane/Fagg Bone Holding - 32.29 18 
Forceps. (17t in) (17t in) 

Charnley Bone Holding - 102.08 
Forceps (Complete) 

Lowman Clamp -
Lowman Clamp (Modified) - 33.83 18.6 

Distraction Device Attachment - 40.53 22.6 
for Lowman Clamps 

Distraction Device for Forceps - 87.73 37 
i.e. Colts Distraction Attachment 

Zimmer 
1972 

.23.8 
(17t in) 

53.5 
(Complete) 

16.95 
(8 in) 

30 
(8 in) 

I\) 

0'\ 



CHAPTER :5 

THE DESIGN SPECIFICATION FOR A COMPREHENSIVE FRAGI1ENT 

MANIPULATING DEVICE FOLL01;'ING CONSmERATIONS ON THE 

CHARACTERISTICS OF THE HUMAN FEI1UR, AND HE lliOVEMENTS 

AND FORCES NECESSARY TO REALIGN THE FRAGHENTS UNDER 

OPEN REDUCTION CONDITIONS. 

. . 
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3.0 THE DESIGN SPECIFICATION FOR A C011PREHENSIVE FRAGNENT MANIPULATING 

DEVICE FOLL01fING CONSIDERATIONS ON THE CHARACTERISTICS OF THE 

HUMAN }'ENUR, AND 'rHE MOVEl1ENTS .aND FORCES NECESSARY TO REALIGN THE 

FRAGMENTSUNDF:R OPEN REDUCTION CONDITIONS. 

H~ving reviewed the surgical techniques and equipment, it was 

next necessary to examine the fracture, its possible degree of misalign

ment and the forces which prevent realignment. This in order to specify 

the requirements of femur size, necessary movements and ·force to be ove1~ 

come, and to incorporate these into the design· specification. 
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3.1 Characteristics of the Adult Human Femur. 

Properties of Length and Approximate Diameter. 

Length 15 to 24 inches 

Approximate Diameter 0.75 to 1.75 inches 

The human femur is not generally cylindrical, and at the time 

of .<riting,figurcs which show the distribution of the population 

throughout the range of approximate diameters are not available. A 

brief study of X Radiographs was undertaken in an attempt to determine 

the variation in the approximate diameter of the femoral shaft. The 

study was not intended to be a statistical survey; it was carried out 

to provide .a greater degree of confidence in the range quoted by 

surgeons. With this aim t.renty-six radiogra"phs were selected from those 

produced at Victoria Hospital Blackpool in the first twenty days of 

January 1971. The acceptable radiographs chosen were of adults, t~Telve 

male and fourteen female, and only those which showed a well defined 

image, with no visible penumbra were used. The radiograPhs produced on 

the portable X-ray equipIl!ent were also rejected, since this set is used 

with a varied film to source distance. The equipment used in the radio

graphy department is normally used with a film to source dista~ce of 

thirty-six inches. The basis of the study is that for each femur two, 

radiographs are taken, one of which views from front to back i.e. 

anterioposterior proj ection, and one from the outside· to the inside of 

the leg, i.e. lateral projection. With certain of the radiographs the 

object (femur) to film distance varies, even on one.radiograPh so 

the' bone appears tapered when measured. This was often the case with 

the IJnterioposterior projected radiograPhs and these were not used as 

a basis for measurements. The lateral projection rad.iographs are 

generally taken with the film held normal to the beam of X rays, and the 

images ~Tere not noticeably tapered. The occasionally distorted laterally 
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projected images were rejected. 

It was possible to measure the laterally projected radiographs 

and to correct the measurement for magnification. The object to film 

distance is nominally four inches therefore the measured figure ~ras 

multiplied by 32 to give the approximate diameter. It is appreciated 
36 

that for th:i.s technique to be valid many more radiographs would have 

to be measured. The. frequency of the mean measured approximate diameter 

is shown in Table 3 and Table 4 shows the frequency of the approxil'Jate 

diameters after correcting for magnification. 

Table 3. Frequency of mean measured approximate 
Diameter. 

~!ean of 11easurements of 
Approximate Diameter (in) 

.98 
1.02 

1.06 

1.1 

1.14 
1.18 

1.22 

1.26 

1.3 
1.34 
1.38 

Male:· . 
Frequency 

1 

111 

1 

11 

111 
11 

~f = 12 

Female 
Frequency 

1 

1 
1 

1 

11 

111 

1 
111 

1 

~f = 14 

Hoth sexes 
Frequency 

1 

11 

1 

1 

11 

111111 

11 
11111 

111 
111 

~f '" 26 

~lhel'e individual bones had' approximate diameter variations it was 

necessary to take the average fi~~e, in fact the approximate diameters 

measured ranged from O.96intol.38in but these were minimum and maximum 

values .for individual bones. 
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Table 4. Frequency of Corrected Approximate Diameters. 

Menn 11easured Approximate 
Dinmeter corrected for 
Magnification (in) 

0.875 
0.91 

0.945 

0.98 

1.015 

1.05 

1.085 
1.12 

1.155 
1.19 

1.225 

Both Sexes 
Frequency f 

1 

11 

1 
1 

11 

111111 

11 

11111 

III 

111 

~f = 26 

The Femur Surface under Operation Conditions. 

During the operation the bone is covered in serum, a sticky 

fluid with viscosity similar to that of light lubricating grease. 

The femur ·surface is not necessarily smooth, and may contain slight 

protrusions or cavities. 

Geom~tric Abnormalities. 

Most femurs exhibit some ~orm of geometric deviation from 

cylindrical. The main variations being ovality aJ;ld bowing. 

(a) Ovality is generally slight with the major axis of the 

ellipse aligning front and back. 

(b) Bowing, again generally slight and the minimum radius of 

bowing in a healthy femur is estimated at between six 

and eight feet. 
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The Mechanical Properties of Human l1et Femoral Bone. 

The follor/ing table Sllllllllarisesthe mechanical properties of 

wet femoral bone for an adult aged between 20 and 39 years and for 

4-
a particular age as shown in parenthesis •. 

Table 5. Summary of the ~Iechanical Properties of Human 

Wet Femoral Bone. 

Ultimate Tensile Strength 

Ul timate Compressive Strength 

Modulus of elasticity 

Brinoll Hardness Number 

Vickers Hardness Number 

Age 20 to 39 
years 

17 600 ill in 2. 

Ibf 
24 200~ 

2.5 10
6 Ibf 

x "ii? 

26.5 HE 

25.5 RV .(at surface) 

Age as Stated 

12 500 1~!2. (60 to 80 ~ 

21 000 1~f2 (60 to 69 :l 
. l.n . 

Additionally, it is pointed out that bone exhibits a pseudo-
. S 
plastic effect such that there is an apparent strengthening of bone which 

is tested in bending rather than direct tension. 

Effects of Disease on Bone Pro perties: 

Various diseases affect the shape and mechanical properties of bone. 

The extent of the property variations are such that a single design 

could not take these into account. 
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3.2 The Nature of Mid Shaft Femur Fractures 

The fractures may run directly across the femoral shaft, or be at 

a slight angle, so as to present an elliptical fracture surface. 

The fracture may be splintered .dth fingers extending up to 

1.0 inch in length. 

Smooth elliptical fractures can occur and these can occupy 

3.0 inches of the femur length. It is estimated that the extremes of 

this type of fracture occur in less than 3.o%.of the cases. 



- 33 -

. 3.3 ~!ovemcnts Necessary to Align the Fragments of a Fracture 

of the Human Femur under Open Reduction Conditions. 

Though an initial amilysis of movements available from the exist-

ing equipmerit ·~ms helpful, the early discussions with surgeons on this 

topic did not produce sufficiently precise information for design purposes. 

It was necessary to obsenre and film the operation and to analyse the 

movements involved. The findings were then presented to the surgeons for 

approval. The first stage of the analysis was to produce a convention 

for describing the movements. This is shown in Figure 12. 

z 

Figure 12 • 

y 

y 

CONVENTION RlR MOVE:MENT.5 
T -T2ANSLATION ALDNG 1W AXIS. 
R - "'OTATION A:!DUT A'-I AXIS. 

XX IS et £)1= AUGt-JE:D ~EMlIR. 
'1Y EXTENDS Ve~ncALL\'6UT 0;: THE 'M:)OND. 

Q IS THE MIC-POINT o\<. T/.IE;. l=IVL:TLI~e. 

Convention for Describing I~ovements. 
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Analysis of the movements used in the 'AnbUlated Fragment' Technigye. 

(a) The fragments are lifted into the wound. 

(b) The fragments are aligned by eye jn the Tz~direction and 

approximately in the R.uc rotation. 

(c) from the angulated position, the RZZ rotation is provided to 

bring the fragments into alignment (see Figure 13). 

(d) The T~~ translation is provided-according to the nature of 

the fracture. 

With this technique, correction motions are provided by hand, and 

could include any of the above and Tu., Ryyor Ty't. 

The movements are rated in terms of essential and desirable 

importance in Table 6. 

Table 6. The rated movements of Fragments necessary to 
produce Alignment, using the 'Angulated Fragment' 
Technique. 

~Iovemellt 

-T,.>, 

Tyy 

T Z]:. 

R )C)C 

RYy 
R;Z:Z. 

Essential 

2 inches 

Desirable 

slight for correction 

slight for correction 

1/8 inch at fragment 
surface 

slight for correction 

720 

It is to be noted that the movements al'e currently provided by the 

hands of a well co-ordinated team, usinG only forceps to hold the fragments. 
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Fragments of an Angled 
'Mid Shaft" Fracture 

---, \ 
cf BONE

/ \ -----.-- I=~ 
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~ 
Angled Fragments of a 
"Short Jo'~acture' 

----'_._----
f-B'?.N:=./i"_:--_ 

M Represents Heel Movement 

:E;igure 13. R'lZ Rotation for Mid-Shaft and Short Fragments. 
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Analysis of the 110velllents used when an Attachment and Lomnan 

Bone Holding Clamps are employed as a Distraction Device. 

(a) The fragments are picked up in the best R~~ position, i.e. 

that which will involve a minimum of R>Q( correction later • 

. (b) The fragments are separated in the Tx~ direction. 

(c) The translation T~~ is provided approximately by rotating 

the clamps in opposition about the thread of the attachment. 

(d) The translation Ty)' may be used as a correction by sliding 

one of the clamps. up or down. 

The movements are rated in terms of essential and desirable, 

in Table 7. 

Table 7. The rated movements of Fragments necessary to 
produce Alignment, using a Distraction Device. 

~!ovement 

T .... 

Tyy 

T~:r. 

R )()t 

Ryy 

Rz.z. 

Essential 

2 inches 

1.75 inches 

Desirable 

slight for correction 

With the Lo.·nnan Clamp attachment it is to be noted that the Tz:z:. 

translation j.s not completely constrained. 
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Summary of the Movement Re~uirements of a single piece of 

Equipment which could be used with either the 'Angulated 

Fragment' Technique, or the 'Distraction Device' Technique. 

By adding Table 6to Table 7 it is possible to determine the 

requirements of a single piece of equipment which could be used with 

either technique. Table 8 sho1~s the movements ;rhich should be 

available to achieve this. 

Table 8. 

. Movement 

T~)I 

Tyy 

Tu 
R)()< 

Ryy 

R 1."-

The Required }!ovements of Fragments 1 ... hich should 
be available from the Equipment to be used with 
either the 'Angulated Fragment' Technique or the 
'Distraction Device' Technique. 

Essential 

2 inches 

1.75 inches 

Desirable 

slight for correction 

. l/S inch at fragment 
surface 

slight for correction 

72° 
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3.4 Forces to be Overcome in order to Realign the }'racture Fragments • 

. The muscle can be considered to act as a tension spring which 

pulls the fragments together. In the compound fractured position with 

the bones overlapping (as shown in Figure 1) there is no force acting 

on the fragments because the muscle is relaxed. 

The arrangement of muscles is involved, there being a number of 

overlapping muscles in the thig~ The effective force exerted by each 

muscle cannot be determined, and in this case the relaxation effects 

caused by the anaesthetic would cause variations. 

The advice of practicing orthopaedic surgeons is that a force of 

200 lbf, applied in line with the leg, would be sufficient to separate 

any free, fractured fragments. After questioning the surgical team on 

a number of occasions and after observing, and carrying out simple tests 

using a spring balance and a model leg, w1'lereby pulls were made against 

the model and the balance, it is suggested that the force applied to the 

foot is generally less than 50 lbf. On two observed occasions the force 

was applied by a man of mass 150 lb whilst wearing rubber boots on a tiled 

floor. The second force is that applied by. the members of the team 

sepa.rating the forceps, using the 'angulated fragment' technique, this.· 

again is not likely to exceed 50 lbf for any length of time. The 

reduction can occur fairly quickly and on occasion gradually. The total 

separation force required for the'allgulated fra.gment'technique is 

considered to be generally less than 100 lbf. The 20\1 Ibf is regarded as 

the maximum force required to separate any fragments, and this figure. 

will provide an adequate factor of safety. 
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Force Variation encountered when using the 'Angulated Fragment' 

Teclmique. 

When the fragments are'lifted from their fractured position they, 

can be moved· easily with forceps. In the angulated position they are 

moved with ease and cleaned. It is not until the fragments are moved 

so as to increase the length of the attached muscles that force is 

necessary. When the fragments are forced dOlffiwards from the angulatcd 

position the bottom edges of the fracture faces press together and th~ 

muscle stretches, to the point where the fragments are aligned, the 

force pulling the fragments together is then the assumed 200 Ibf maximum. 

For a fracture at the middle of the shaft, lihen the angle between 

the fragments is 140
0 1he force pullin~ the fragments together is zero 

and rrhen the angle between the fragments is 180
0 the force is the maximum of 

200 Ibf. 

For short fractures, the zero force will occur when the angle 

between. the fraements is about 108~ *and incrGa~e grad~lly to the ma,ximum 

of 200 lbf when the angle between the fragnents is 1800
• 

Forces encountered when moving the Fragments into Alignment 

from the Side by Side Position - using a Distraction Device; 

The force exerted by the distraction devj.ce rrill increase from 

zero as the fracture is reduced, until the :"racture faces are !'.djacent, 

when the maximum force will be encountered. The fragments can then be 

corrected for theT~~ translation with little effort • 

. * See Figure 13. 
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A Brief Analysis of the Bending of the Thread on the Distraction 

Apparatus. 

As a further guide to the maximum force, a brief analysis of the 

bending of the main thread on the distraction apparatus (see Figures 6 

and 7) was undertaken. 

This shows that, assuming a maximum bending stress of 50 tonf/in~ 

and minimum diameter of 0.3 in, the maximum bending moment which the 

thread can resist is 300 lbf in. 

With the thread normally set 2 to 3 inches above the bone, the maximum 

force which this equipment,can operate against is less than 200 lbf. 

This brief analysis ignores the effect of the reduction in muscle 

force caused by pulling on the foot as alignment proceeds • 

• 



- 41 -

3.5 Specification for a Comnrehensive Fraement Manipulation Device. 

The purpose of the analyses covered in Chapters 2 and" 3 was to 

provide the author with information from which the design specification 

could be derived. (At this instance the specification lTaS for a comprehensiv 

mecik'Ulical device, which could be attached to all misaligned fragments to 

provide a mechanical means for their manipulation into alignment.) 

The specification breaks down into two parts, the first consisting 

of the essential features which the equipment must contain, and the 

second includes those features which provide advantages over a purely 

functional design. 

Part 1. 

(a) The device will be capable of supporting blood covered fragmen~~ 

carrying a maximum load of 200 lbf. 

(b) The device will be attached" to the femur fragments at a distance 

between 1.5 in and 2.5 in from the fracture face. 

(c) The" device .'1111 be applicable to mid. shaft femur fractures 

including those which are elliptical. 

(d) The device will be applicable to both external plate and internal 

medullary nail fixation techniques. 

(e) The device must not, in any "ay, restrict the movement of t}le 

"patient or of the leg being operated on. 

(f) The means of manipulation .rill at least provide either the 

movements shown in Table 6 or those show in Table 7 • 

(g) The main separation movement, T~. must be capable of occuring 

when acting against a force of 200 lbf. 
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(h) The device will be easy to fit to and remove from the 

fragments, in any fragment position. 

(i) The device will not prevent the surgeon from having access 

to the fragments, or wound, or from using tools. 

(j) The device will not cause unpredictable damage to the fragments. 

(k) The equipment will be .either disposable or easily assembled 

and dismantled for cleaning purposes. 

(1) The device will weigh less than 10 Ibt 

(m) ~'he operator will be able to control the device .,hile wearing 

surgical gloves. 

(n) The device will be made of acceptable surgical materials. 

(0) The device will be either disposable or be capable of withstanding 
. . 0 . 
temperatures of·up to 200 C and knocks from other tools and 

containers during sterilisation •. 

(p) The cost of the eqUipment will not exceed £200 (1973). 

(~) The device will not damage the tissue surrounding the femur. 

part 2. 

(a) The device should provide the movements shown in Table 8. 

(b) The device should weigh less than 5 Ibf. 

(c) The device should be easy to control, and ideally each motion 

,achieved by. moving a single control. 

(d) ':rhe control should provide the operator with a sense of the 

effect of the application, particularl~ when attaching to 

the fragments. 

(e) The device should be applicable to other fractures than those 

of the. mid-femur. 
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(f) The device should be capable of 'compressing' the fracture. 

(g) The device should not require more maintenance than the 

existing tools.-

The above specification was discussed with hospital staff and. 

amended as necessary. Concerning the price of the equipment, Table 2 

sho~ls the prices of existing tools, and a 1976 price of £350 must be 

regarded as a maximum for the complete device. 

Estimated J·larket. 

The initial estimated market for the new equipment is 300 per 

year for United Kingdom suppliers. Though trds figure could be increased 

if the world wide market was provided for. (The figure is estimated from 

- advice given by hospital suppliers.) 



CHAPTER 4 

ESTABLISHING THE I·IEANS OF GRIPPING vlET BONE, 
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4.0 ESTABLISHING A NEANS OF GRIPPING 1'IET BONE~ 

Observations, as indicated in Chapter 2, show that the security or 

the grip is the most important criterion applied by surgeons when choosing 

the tool ~orholding the ~emur. 

Before any means of manipulation could be'considered,it was necessary 

to establish an effective method of gripping the bone. This, so the 

proposed mechanism can be securely attached to the two fragments. The 

device could incorporate for example, modified Lane Bone Holding Forceps, 

,but such equipment is currently available and known to cause difficulties. 

The success of the envisaged tool would therefore be ,limited, consequently, 

it was considered necessary to establish a novel means of gripping wet bone. 

From observations made, the author formed the opinion that the Lane 

Bone Holding Forceps located well, but were liable to slip when moved, and 

that the Lomnsn Bone Holding Clamps did not locate so well but had the 

ability to lock onto the chosen location. In an effort to achieve the best 

of both the locating and holding the location qualities of the existing tools, 

their performance and principles of operation were reappraised. A cursory 

analysis reveals that points, pegs or serrated feet provide the means of 

locating to the bone, and all exhibit the feature that points, pegs or 

serrated feet are brought together with the bone fragment in between. ,The 

grip location is MId by lOCking or holding the opposing elements in 

position. 

The next step, was to oonsider alternatives for each of the means of 

locating to a femur and the means of holding that location. And to select 

from the alternatives, those (means) ~lhich when combined could best satisfy 

the aspects of the requirements applicable to the grip. The resulting 

basic design could then,be manufactured and tested on'animal bones. 
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4.1 Methods of Achieving the Basic Functions of a Bone Grip. 

While looking for an effective method of holding the bone, the 

existing equipment was not overlooked, but appraised to determine those 

features likely to succeed in the context of the new equipment. In this 

appraisal the basic functions of the grip were considered to be: 

(a) the ability to locate to a particular position on the fragment, 

and 

(b) ~~e abili~J to hold the selected location. 

The principles used in the existing tools and additional proposed 

methods of achieving these functions were next considered. 

Considering methods of locating the ~ip to a particular position 

on a fragnent. 

The considered methods of locating were: 

(a) points as used on the Lane Bone Holding Forceps (see Fi~~e 10); 

(b) pegs as occasionally used on the Modified Charnley Bone Holding 

forceps (see Figure 11); 

(0) serrated feet as used on the Lowman Clamp (see Figure 5). , 
(d) friction pads, and 

(e) bone encircling devices. 

The· five alternatives were to be evaluated against the criteria 

which the method of locating must provide, and these were: 

(a) the grip must locate on an uneven approximately cylindrical 

surface; 

(b) the grip must locate over a blood covered surface, and 

(0) the grip must cause only predictable damage to the bone or 

surrounding. tissue. 

The above criteria are all of equal importance. An additional 
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less important requirement is that the grip should not require more 

maintenance than the existing tools.' 

After considering the nature of the bone surface and the performance 

of the existing tool the features were' evaluated against the criteria as 

fol101iS: 

(a) points - an arrangement of points can satis~ the criteria, 

and require further consideration; 

(b) p~gs, as opposed to pointed pins, will require drilling to 

take place. Near a splintered fracture this could result in 

unpredictable damage to the fragment; 

(c) serrated feet and friction pads suffer from the disadvantages 

1;>rought about by the possible irregular bone shape and serum 

covering; 

(d) complete bone encircling devices suffer from a similar dis

advantage to serrated feet if rigid, but the flexible arrange

ment requires further consideration. 

Considering the method of holding the selected location on a fragment. 

Assuming that points are to provide the locating aspect of the grip, 

the methods of holding that location required consideration. The initial 

stage was to establish criteria which the holding feature must achieve, 

these are -

The method of holding the location must: 

(a) operate over the normal size and geometric variations in femurs; 

(b) hold the location sgainst a maximum slipping,fo'rce of 200 lbf 

acting along the bone and be unaffected by the serum; 
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(c) do only predictable damage to the bone end surrounding tissue; 

(d) provide the operator with a sense of the effect of the 

application; 

(e) facilitate easy fitting, and removal when the fragments are 

correctly aligned and fixed, and 

(f) allow for the fitting of either external plate and inter-

medullar nail. 

These criteria are all equally important and a failurc on any 

one llould be detrimental to the device as a whole. The list ~las used 

to evaluate the alternative methods of holding the location, and these 

fall into two categories, i.e. bone encircling (not generally used) and 

the open jal'1 type. A list of alternatives under .each heading is shown 

in Table 9. 

Table 9. Alternative methods considered for holding the pointsin 
location on the fragment. 

~--------'--r--------- ,---------
Encirling Bone 

Bel t or strap. 

W~e. 

. ___ -4 ________ 0""'r:en Jaw T.!..R.e ______ . ____ . __ 
Hinged jaws - as used in forceps, 

bmd held or bridged. 

Screwed jack type jaws - similar Sleeve in halves. 

A.collet arrangement. . to Lowman's Clamp. 

Lever locking clamp - similar to 

vice grip arrangement. 

Non hinged jaws - similar to tqol

maker's clamps. 

When the items in the table were considered against the criteria 

it was found that: 

(a) sleeves and collets would not readily adjust to the varied bone 

diameters.and shapes; 

(b) the forcep arrangement, the principle is wall tried and in 

current use, and it is hoped to improve on this. Forceps on 

occasion do result in more than the normal minimum damage 
(') 

occuring to the fragments; 
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(c) the lover locking clamp arrangement is generally not sensitive 

on application, and 

,(d)'the non-hinged j~w arrangement falls down on ease of fitting 

and removal. 

This left belt or strap, wire and the screwed jack type of clamp 

in contention. It was decided to proceed with these. 
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4.2 The Point Arrangement. 

The bone can be considered as an irregularly shaped prism. A 

stable kinematic arrangement can be achieved by a platform contsining 

three extended points which are presented vertically downlmrds on to 

the bone. The points straddling the longitudinal centre-line with two 

Qn one side and one on the other. 

Considering the screwed jack alternative for holding the location; 

a fourth point could be pressed in opposition to the downward acting 

three, to be screl'1~d tight to hold the points in place on the bone; 

With the belt, strap or wire alternative these could bridge the 

points, and be tightened by a suitable arrangement to secure the 

location. 

Additionally, the three points, in either case, could be arranged 

so that the external bone fixation plate passes beneath them. 

Having established ~That seemed a satisfactory method of gripping 

the bone, it was necessary to carry out experimental work to determine 

the most effective point angle, and. to test the usefulness of the 

proposed grips. (The criteria used in 4.1 make Bi. first specification 

of a prototype bone gripping devi~e.) 
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4.3 Investigation into the I,oad Carrying Capacity of various 

~Iachine Ground Points. 

The grip has to hold against a maximum slipping force of 200 lbf 

acting in line with the bone. The Lane Bone Holding forcepshold possibly 

lower loads with an estimated steady force of 120 lbf (see 2.5) applied 

over a maximum of tvro pairs of pOints. (A surgeon may only use one pair 

of the tvIO.) Though with help, Ue force on the points is incre!\sed 

for s~ort periods. 

The purpose of this investigation was to determine the load carrying 

capacity of points supporting the axially loaded bone. The points were 

produced in pairs with different point angles. Each pair was applied to 

opposite sides of the bone under the action of a controllable transverse 

fo1'co. The ·bone supported only by the pair of points was loaded using 

weights. The transverse force was applied by a load-cell connected to a 
e 

calibrated transducer meter. It was necessary to produce a rig for 

carrying out the tests and the general arrangement of the apparatus is 

shown in Figure 14. 



Point Force 
Adjustment Screw 
(Transverse Force) 

Figure 14. 

Bone S~ple' 

U Piece Ca=ier 

1---- v/eight Hanger, 

Load Cell 

External 
, Frame 

Arrangement of the test-r.ig and load-cell, used to investigate the load 
supporting ability of Points. ' 

\J1 
'I-' 

I 
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Preliminaries to testing. 

Samples of 0.4%C steel wire were cut to length, tempered and 

ground. The angles were produced on a Clarkson's Cutter Grinder. 

The points produced had included angles ranging from 200 to 900 , in 

increments of 100. 

Before the tests could be undertaken, it was essential to acquire 

a source of bone which had consistent properties. The full range of 

tests were to ·take place over a perio·d of several weeks and it was 

necessary to use bullock femurs each from the same pedigree herd. The 

mechanical properties of bone vary with ag:- and with time after death~ 

The bullocks in question were all slaughtered at between 10 and 11 months 

of age, and the tests were carried out within twenty-four hours of death. 

It has been shown
4

that cattle and human bones differ in mechani~al 

properties, yet the differences are such that they do not influence the 

outcome of this investigation. 

Method of Testing. 

The tests were carried out by fitting a pair of equi-angled points 

into the load-cell adaptor and the opposite holder. The bone .sample 

was positioned between them. The points ;Iere adjusted until the 

previously calibrllted transducer meter read 10 lbf. Weights liere care-

fully·added to the hanger attached to the ]>one. The total load which 

caused the bone to slip was recorded. The transverse force was then 

increased in 10 lbf increments and for each, the proc~dure was repeated. 

The same procedure was carried out for each pair of points and 

the results are given in Table 10. 
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The figures 15 and 16 are photographs taken to show the arrange

ment of·the apparatus used. Figures 17 and 18 show the test results 

graphically. 

Figure 15. Arrangement of apparatus showing 
test-rig and transducer meter. 
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, 
.. ' 

~.--.-

•• 

Arrangement of apparatus', showing test
rig, load-cell, bone sample, points. and 
main axial load (in this case 217.8 Ibf) 

/~ 
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Table 10. Results of tests performed using Points with 
Stated included Angles. 

'0 20 Point Angle 

Force Ibf Load Ibf 

10 

20 

30 

40 

11 

45 
87 

95 
50 120 

60 157 
1 point bent 

, 0 
'30 Point Angle 

F L 

10 12 

20 28 

30 78 

40 83 

50 95 
60 167 

1 point failed completely 70 172 

80 205 

90 202 

100 224 

50° Point Angle 60° point Angle 

F L F L 

20 40 20 28 

40 60 40 60 

60 100 60 96 

80 165 80 136 

90 188 100 170 

100 200 

80° Point Angle . 90° Point Angle 

F L F L 

20 30 20 27 

40 40 40 45 
60 76 60 73 

80 112 80 85 

100 136 . 100 105 

40° Point Angle 

F L 

20 40 

40 55 

50 99 

60 110 

70 140 

80 190 

90 198 

100 210 

700 point Angle 

F L 

20 25 

40 62 

60 93 

80 121 

100 150 

° 0' ° 20 a!ld 30 - Bone Sample 1; 40 ° and 50 - Bone Sample 2; 

60°, 70° and 80° - Bone Sample 3; 90° - Bone Sample 4. 

All bones take~ from 10-11 month old bullocks from the same Pedigree herd. 

All femur sections 1~'" ~ 

Tests carried out within 24 hours of death. 



Figure 17. -Transverse Force Against Axial Mad for Various Point Angles. 



:c,'igure la. Naximum Axial Load Supported* Against Point· A.'lgle. 
I •• .................... _ ...." 
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Conclusions from tests carried out to determine the load carrying 

capacity of various machine ground points. 

For comparable transverse forcee larger than 60 lbf, the sharper 

points are capable of supporting greater axial loads than-those paints 

wtth blunt included point angles. The 200 included angle points, h01~

ever, failed in bending with an axial load of 157 Ibf. The steel used 

for the test points was tempered to a condition similar to that of 

EN56B~ ~Thich is a sui table point material. 

The points of any piece of eqUipment must be capable of wi th

standing knocks against other tools and containers. A damaged point 

will not perform >Tell, therefore it was deCided to use the most robust 

points for the subsequent testing of prototypes, which would support 

an adequate load. 

The points chosen were those with a 500 included angle, which 

on test were capable of supporting an axial load of 200 lbf. 
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4.4 Prototype Bone Holding Grips and the Outcome of Load Supporting 

Tests using Animal Bones. 

The ,.,ork covered to present indicates that grips should be manu

factured which incorporat~ three points, each with 50
0 

included angle, 

with a screwed-jack and additionally with a metal strap. The grips 

were manufactured according to the drawings shown in Figure 19. A 

further grip was manufactured to test the performance of three groups 

of three points incorporated with a metal strap, also shown in Figure ·19. 

The grips·, except the screwed-jack model were 'tested on bullock femurs 

from the same source and meeting the same conditions as indicated under 

4.3. The screwed-jack model was tested on a pig femur, which was nearer 

to human size than the bullock femur, and with insufficient differences 
" 4 

in mechanical properties to influence the outcome of this work. Each grip 

supported an axial load on the bone, of at least 200 Ibf. FiguI'os 20, 21 

and 22 show a grip supporting·a bullock femur and a load of 209 Ibf. 



~
.o 

0'4'5 
. I I.',] 

. ,." 0 J • 
'-

~~. 

3 greups ef 3 heles 2 holes 

. ""25 POA Silv.er 
Steel (Thx.OUghl, 

. e~t) 
. , 

Square 
(~uilt up) 

I . 
® 

500. Points I~ I 0. . .' . 
3 mm ~ tempered 
steel three.ded 
6 BA- . 

~ p~~s 3 . '. 

2.1 mm~ 0.15 in deep 
fer 50 peints ef 2 . 
mm ~ Silver Steel wire. 

L dia. clear. 
16 .... Weld 

mm ~ tempsred ~o 'I ,. . '. ' 
steel throe.dea- . 2..~_'. 
6BA i'~' 
. : ~ I·' 

I 
. --.' 

'11 
j 

-

--
0 

I. l . 
" Ss,w .-

I, , , 
(') 

, 

• 
Brazed to 
2 in. dia. Silver 
4 steel. 

Strap folded and slots. 
cut in pesit·ion. Rivet 

strap 0.020 shim steel 
2.3 long between ends. 

with 3-1 dia. a·teel rivets. 
8" 

. Figure 19. Details. of Test Grips for use on 'Animal Bones • 
(1) Model with 3 groups of 3 point.s and strap. 
(3) Scre;l-jack model. . 

·1 
. 4' mild steel plate 

cut to. prefile and 
forged to. shape 

I StI'ap 2 Layers 0.0l: 
.1 shim steel folded •. 

and spot welded. 

(2) 3 points and flexible steel strap model. 

'" o 
I 





- 61 -

Figure 20. Test grip supporting a bullock 
femur'carrying a load of 209 lbf. 

", ;. 
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Figure 21. 

r------ - -~-

Figure 22. 
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Detail"of points under load. 

Detail of Points under load 
from above. 
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Conclusions from Tests of Prototypes used on Animal Bones. 

The tests .carried out on bullock and pig femurs shoued that both 

methods of gripping bone were capable or: satisfying the criteria listed 

in Section 4.1 . 

. The grips tested on bullock femurs were applied to bones larger 

in diameter than human femurs of average size. In each case the grips 

supported. loads in excess of 200 lbf acting in line \iith the bone. 

The screl'led-jack model was tested on pig bones ranging from 

1.0 in to 1.35 in diameter, and the applied load of 200 lbf was adequately 

supported. 

The bones were examined for damage, ·after each test. The only 

observable marks on thebrnes were the indentations caused by th~ three 

points from the model incorpol'ating the strap, and by the four points 

from the model incorporating the scre'l-jack. Numerc'.\s tests of th5 s kind 

were carried out, in each case the damage to the bone. was consistently 

slight. 

The results of the tests on the strap incorporating grip were 

sufficiently encouraging to proceed with this develo~ment. 

It should be stated that further work could be undertaken·on a 

modified Lane bone holding forcep and also on a grip j.ncorporating a 

completely encircling flexible strap. 



C H APT E R 5 

BASIC DESIGNS AND TESTING OF CONPREHENSIVE FRAG~ENT 

MANIPULATING DEVICES. 
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5 .• 0 BASIC DgSIG!!S AND TESTING OF CONPREHENSIVE FRAm'iENT HANIP1JLATING 

DEVICES. 

Once confidence in the gt'ip was established, the next step was to 

examine the means of manipulation. At this time,the manipulating device 

and the grips lfere considered together as a complete unit. The chief 

advantage of this approach lay in the appeal of a single and comprehensive 

device,~lhich would provide the surgeon with a direct mechanicgl means of 

reducing all mid-shaft femur fractures. Various mechanisms, based on 

extending links, hinges, quadrants and combinati.ons. of these were 

considered.. It was specified by the authority who initiated this ~lork, 

that pneumatic and hydraulic movers should be avoided. This opinion was 

shared by other theatre staff. The general feeling being that, in view 

of existing maintenance arrangements, and of the common sterilisation 

practices, such equipment would require special. treatment and the develop

ment of new skills by the anCillary staff. ilith this added proviso the 

work proceeded following the speCification outlined in Section 3.5. 
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5.1 A Desien study of a Nechanism Based on Six parallel Links, 

, The first design considered was based on variable length links. 

The fundamental argument was that six links could be arranged, as shown 

in Figure 23, to notionally produce three translations and two rotations 

of the fragments. The link configuration shown in Figure 23 e was 

revised firstly to that shown in Figure 24" and finally to that shown in 

Figure 246. The analysis to determine the extent and correct sequence of 

the link length variati. ons to produce each of the five fragment movements 

waS then undertaken, and this is shown in Appendix I. Table 11 summarises 

the ratios in which the link lengths must be varied to produce each move

ment as defined in Figures 71 to 75 of Appendix I. 

The purpose of arranging the links in ~ parallel configuration was 

to facilitate for five gear-boxes. one for each movement, to be positioned· 

with appropriate gearratios to each link. The operator could then select 

a required movement, and engage the corresponding gear-train to drive and 

extend or contract the links in aocordance with the established ratios to 

move the fragments accordingly. 



Arm rigidly 
fixed to each 
fragment 

- 66 -
Single adjustable lirik 

Hinges which allOvl rotation 
in" the plane of the paper 

Each arm and fragment can 
rotate about either hinge. 

HIP aoNE ;.:; ___ .u.. __ K_NEe . 

(b) 

TyY movement of the :t;ragments 
will result "from correct I"l~d 
I 3 adjustruen ts. (The reverse 1 yY 

movement is similarly produced.) 

.-..,J . With two adjustable links 
the mechanism is under 
constrained. 

With a third· diagonal 
adjustable link added,the 
mechanism· can be controlled 
by the link input adjustments 
to give either.Tx)(, Try, or 
R-zz • 

/ 

Rzt movement of the fragments from 
the corresponding I,. 12 .. and 13 . 
adjustments. (The reverse RZ"l move
ment is similarly produced.) 

Page 1 of Figure 23. The Development of the 6 link mechanism. 
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(d) .. 

A similar arrangement 
to that shm;n in the 
figure (c) but arranged 
normal to the plane of 
the paper produces Tz~ 
or Ryy. 

" '-

I5 
--------'~--~ 

Views from A with appropriate adjustments to 
I3' I4 and I 5. 

a. 
b 

c 

le) 

Combining ( c). . and (Cl ) and adding link d for stability, 
with suitable adjustments to each. link the motions Txx 
Tyy , TZ"£. , R yy and RZZ are notionally possible. 

pag~ 2 of Figure 23. The Development of., the 6 link mechanism. 



( a.) 

( b) 
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t a 

cl 

e 

c. 

____ -L...-t,-.!::'BONE 

Replacing the diagonal links'shown in Figure 23 (e) 
llith horizontal links which perform the same function 
(Omitting the adjusters for clarity.) 

D 

c 

Rearranging the links into a more convenient form. 
and placing the hinges outside the framework. 
(For photograph of model see Figure 25.) 

. Figure 24. The Practical Forms of the 6 Link Mechanism • 

• 



Table 11. 

. 

Links 
Extn. 

a 2.0 

d 2.0 

b 
I 

2.0 

C 2.0 

c 2.0 

f 2.0 

Showing C:hange of Link Lengths, Expressed in Inches and Whole NUmber R:atios~ 
for each Positive ~lovement • 

Movements 

T ,t" Tyy TU Ryy Rz'Z.. 

Ratio Extn. Ratio Extn. jRatiO Extn. Ratio Extn. Ratio 

1 0 0 0 0 0 0 1.7 2 

1 -0.43 -1 I 0.45 1 -.0.5 -1 0.85 I 1 

1 0 0 0 I 0 -1.0 -2 0 0 

1 0 0 -0.9 -2\ 0 0 0 0 

1 0 0 0 0 1.0 2 0 I 0 

1 +0.43 . +1 0.45 1 0.5 1 0.85 I 1 

0\ 
1.0 

I 
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Testing a 110del of the Link Hechanism. 

From an examination of Table 11, and the corresponding grids, (See App. 

it was established that the changes ,in link length must conform to 

certain conditions. Referring to Table 11 and taking the assumed 

directions to be positive. 

}Iovement T)()C all the links moved together by the same amount. 

~lovement Tyy the alternate links 'f' and 'd' work in opposition, 

'f' extends and 'd' reduces in length. 

Novement TZ%. in this case the alternate links ,od' and 'f' extend 

together an equal amount" however link 'e' moves in 

the opposite direction, ,by a distance equal to that 

achieved by 'd' and "f' together. 

Novement Ry't the adjacent links 'd' and 'b" contract together 

by unequal distances. The total contraction is 

balanced by the unequal extensions of the adjacent 

links 'c' and 'f'. 

Movement RZ:%. the three adjacent links 'f', 'a' and 'd' extend 

together. The middle link 'a' extends by an amount 

equal to the total -movement of the lillks 'd' and 'f'. 

From this it became clear that any individual link in the framework 

could not be extended or contracted independently. Though themot10ns 

can be accumulated, that is a correct T~~ ~put can be added to a correct 

RX-z. input and so on. The grid diagrams shown on Figures 71 to 75 of 

Appendix I must close when the link lengths are varie~ in accord~~ce with 

the requirements of the selected movement. Reverse motions are achieved 

by link extensions becoming contractions, so that with sign changes, 

Table 11 applies ,to the negative movements. HOl;ever, because a single 

link cannot have its length varied independently, an incorrect input 

to one or a number of links would affect the mechanisms. The link lengths 
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shown in the grid drawings of Appendix I would not be follmJed thereafter. 

At this point there was concern over the possible input of uninten-

tional link length changes~ and it was necessary to manufacture a model 

in order to examine its characteristics practically. The model ShOl'/ll in 

Figure 25 was manufactured and tests carried out. 

Figure 25. Model of the hexagonal link configuration 
with left and right hand threads. 
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Model with f~agments almost aligned. 

, 





Figure 27. 
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Model with fragments re'l.uir.ing Tz.z. 
alignment. 
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Tests on the model sho~m in Figures 25, 26 and 27 showed that even 

with loose fitting threads, 3/16 BSF left and right-hand, the Dl9chanism 

jammed with two full turn~ of an individual thread, and further movement 

was not possible, (closer fitting threads would have made matters worse). 

Though if the lengths were varied in accordance with Table 11 the mechanism 

,ms capable of producing the required movements adequately. 

It became necessary to re-examine the strategy of the complete 

manipulator, as envisaged, with its five alternative motions. (Involv:'.ng 

a possible sliding into mesh of five separate drive gears.). It is possible 

that El certain preferred routine would be established by the operator. 

Even if the threads were advanced only one or t\·/o teeth at a time, by the 

mating aotion ef the gears, the point would be reached ~mere the mechanism 

jammed. Separate drive shafts and clutches ~/ere considered but expense 

ruled these out. It was decided to proceed ~Ti th a manipulator which con

tailled fewer movements and in-volved less gear changing. The design . 

proceeded on the lines that T)()( and Rn. are required and that Ryy and 'rzz. 

could be incorporated into the member ropporting the gz.ip. The manipulator 

was arranged finally, to provide the movements TX)<, R~"Z. a:ld TyY, ldth the 

facility for Ryy and Tn being incorporated into the arms ccnnecting the 

manipulator to the fragments. 

Before further design took place the model was encased.in a tube, and 

balls connected to the link bridges (see Figure 25) located into collars 

. which carried the member connecting to the grip. The arrangement of tube 

encasement and collars can be seen in_Figures 26 and 27. Figure 28 shOl-rs the 

envisaged grip to collar connection arms as drawn before the requirements 

for them to produce Ryy and T 1't became necessary. 
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Redesign of the ~!anipulator. 

The mechanism was capable of achieving the movements. However 

further development work would be necessary·along with practical tests 

on the gear driven model, before the equipment could be marketed. The 

jamming problem is a significant drawback and it was decided to complete 

a design scheme before making a decision on tile mechanism overall. 

Using the existing link length analysis the gear-boxes were re planned 

to allow the gears to slide into mesh more easily. And the arm arrangement 

was redesigned to provide R'fY and TZz. approximate movements by turning the 

fragments manually about the arms. 

Figure 29 shows the basic scheme and Figure 30 shows schemes for 

the redesigned arm which oonnects to the grip. Diagrams showing the 

revised gearing necessary to produce Tx)<: , T'/Y and Rz:z. are shown in 

Figure 76 to 78 of Appendix I. 
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Fig".ll'e 30. Schemes shOliing alternative arranrrements for the 
Arm and Grip, which can provide 'approximate Ryy 
and TZZ movements. 
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Conclusions on the Link Design. 

The mechanism has potential in that it provides a possible means 

of manipulating the fragments. l~ith an ease not currently associated with 

medical tools. However the jamming, a significant drawback, and the high 

estimated cost are features which would make marketing very difficult. 

Manufacturers would be involved in testing and developing 'rhich 

would greatly increase the manufacture cost. Maintenance and cleaning 

could not be carried out by the existing theatre staff. 
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5.2 Alternative Hechanisms for the Comprehensive Fragment 

}Ianipulating Device, . 

Having explored a linkage pattern of manipulator, alternative 

solutions required consj.deration. T.his involved hIO further types of 

mechanism to achieve the principal movements. The first involved a 

quadrant as a means of achieving movement Rzz.. This suffered from the 

disadvantage that the motions had to be used in a fixed order. The quad-

rant produces a definite motion and once the geometry behreen the frag-

ments and quadrant is upset, then the mO'lement of the fragment becomes 

inexact. 

The second type of mechanis:u considered, involved. hinges. One of 

the dj.sadvantages of the rigid grip arm manipulator is that the manipu

lator needs to be long to cope with the R'Z.:1.rotation. Thi~ can be over

come by plaCing hinges betweE'ln the fragments and manipulator, An approxi-

mate R~~is notionally achieved by simultaneously rotating the fragments 

about the hinges attach~d to each, The fragment being rotated in opposite 

* clockwise or anticloc~.ise directions viewed from the front. If this 

strategy ~;as to succeed, a convenient means of adding the T .. x c.orrection 

had to be found (since a Txx corrective movGment may accompany the rotation 

about the hinges). Though the first stage was to determine the best 

position of the hinges and an analysis was undertaken to do this. This.is 

shown in Appendix II. The analysis revealed that to involve a minimum.~xx 

correcticn, the hinges should be placed between. the bone centre-line and 

the top edge. The optimu:n position beir..g in the region of 1.8 inches from 

the: fracture face. The T)lX corrections, in any instance considered, are not 

prohibitively large. 

* Fragments turned about hing~s 
to produce Il1.2. 

I 
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Schemes based on Hinges. 

Several schemes were developed and drawings of three of these 

are included. These are. shown in Figures 31, 32, and 33. 

Figure 31 shows a scheme based on hinges positioned above the 

bone and is one which would involve a large T~x correction for the 

approximate RU rota tion. The approximateRl.z, rotation is achieved by 

turning the adjusting knobs 1: to screw the plungers in or out. This 

rotates the grips about the hinges, by the action of the end of the 

plunger .;hich operates in a slider. The T~x correction is produced by 

turning the twin horizontal screws 2: An approXimate R yy is achieved 

by means of either turning the pillars 3*in opposite clockwise or anti

clocbTise directions viewed from above, and after loosening the locks; or 

by !!leans of opposite rotation of the horizontal scre.iS with the locks 

secured. An approximate Tzz is achieved by turning the pillars 3"'together 

in the same clockwise or anticlockwise directions, viewed from above. 

R)(,c is achieved by rotating the pillars in opposition along the quadrants, 

and Tyy is achieved by sliding the pillars vertically apart. 

* See Figure 31. 
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Figure 31. Scheme using Twin Cer.tres placed above the Fragments. 
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Figure 32 sho,is a similar arrangement to Figure 31, except that 

the pusher and slider used for producing an approximate Rz.z. is replaced 

with a connecting link and bearing. The twin-horizontal screws for T~ 

are replaced with a single scrm; and a cross-over frame. The quadrant 

for R)C)4 is replaced with grooves in a plate. The approximate motions, 

R'I'/ and TU are achieved by freeing and turninc; the pillars in the 

appropriate directions. 

Figure 33 shows a sketch of a similar arrangement, but again 

reverting to the twin horizontal screws.* 

The hinges in Figures 32 and-33 are positioned between the bone 

centre-line and top edge and will involve only slight T~ correc~ions 

for the approximate R= rotation. 

Thc equipment envisaged L, this series i.e. as shown in Figure 31, 32 

and 33, would have achieved the six motions. However, the bulk of the 

equipment ;1Ould have necessitated the use of tit'lnium, and machining costs 

would be high. 

* Note. In the scheme shown in Figure 33 an approximate Tyy movement is 

achieved by turning the fragments about the hinges in the same 

clockwise or anti-clockw"ise direction, viel-led from the front." 



= 

.'--. 0; 

I' 

B 

B ., 
1!-:=---

PARi SECTlONl AA 

Figure 32. An alternative scheme using tw:i.n centres plac.ed between the bone 
.-.o,.,+.,.o..1iYlA A.nd thA ton ed,goe.. .-. 

Scheme which achieves: 
1. Rn by rotation ab out twin horizontal 

centres: TI 
~z-z. 

2. Ryyby rotation abOu.. ~win vertical 
centres (fragments turned in opposition) 

.-o-~ oR ~- (plan 

3. Tz:x.by rotation ab out tliin vertical 
centres (fragments turned in the .same· 
directions) ~l" . 
~or<~~ (plan) 

. 4. TyYby a vertical separation of the Grips 

5. T>'o<. by central screw. 

6. R""by rotation allowed by cams. 
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Tests carried out on a Hinge Nechanism Model. 

In the context of fra.gmimt manipulation, the comprehensive schemes so 

far proposed, rely on untried principles. It was necessary to manu

facture a model to test the approximate movements and the means of 

achieving them, and to confirm the proposals ~dth the advice of surgeons. 

The first task was to manufacture a model leg, and the second to make a 

model which involved the essential features under discussion. 

Tests to achieve the fragment movements were carried out and the 

resul ts sho~m in the series of photographs, Fi,.~es 34, 35, 36, 37, and 38 •. 

Figure 34 shows a plan view with the fragments in the aligned 

position. 

Figure 35 shows a plan view, with an approximate Ryy rotation 

achieved by the opposite rotation of the twin pillars. This proved more 

convenient tha-~ using the twin horizontal screws in opposition. 

Figure 36 shows a plan view with a Tzz separation achieved by 

rotating the twin pillars in the same clockwise or anticlockwise direction. 

Figure 37 shows the angled fragment position produced by an 

approximate Rt~ rotation, shcwn in the extreme position. 

Figure 38 shows the fragments separated.by an approximate Tyy 

tl'anslatic~. Achieved by turning the grips in the same' clocbrise or 

anticloc~iise direction - from the front elevation. 

In each case the simulated fragments ;lere moved to the positions 

shown and back into alignment by the manipulator. This model could not 

achieve the Rxx rotation by design. 
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Figure 34. 
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Plan view of the 'hinged model' with the fragments in the 
aligned position. 
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Figure 35. 
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~ 
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Plan view of the 'hinged model" 
with fragments misaligned by an. 
approximate R yy rotation. 

Note this movement is achieved by turning the vertic~.l 

pillars, which support the grips in opposite directions when viewed 

from above. 
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Figure 36. 
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The 'hinged model' with the 
fragments separated by an 
approximate T2Z translation. 

Note this movements is achieved by turningthe 

pillars ,~hich support the grips in the same direction when viewed 

from above. 



., 



\ 
) 

..; 90 -

Figure 37. The 'hinged model" with fragments, 
~angled' by an approximate R z.'Xo 
rotation. 

/J 

Note this movement is achieved by simultaneously turning the 

grips, in opposite clockldse or anticlockwise directions (from the front , ' 

elevation). 





Figure 38. 
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, 
3 -:~-

The 'hinged model' with the fragments 
separated by an approximate Tyytranslation. 

Note this movement is achieved by simultaneously turning the 

grips in the same clockwise or anticlockwise direction, (from front 

eleva'd on). 
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comments by Surgeons on Examining the Hinged ~!odel. 

Surgeons were questioned. to determine the acceptability of the 

principles incorporated into the model. The results of these discus-

sions showed that the motions produced and the means of achieving them 

were acceptable. The hinge positions, above the bone in this case, t'18re 

not questioned, and comments indicated that hinges in more ideal positions, 

would not be significantly detrimental. An obvious disadvantage of the 

hinges, is th9.t cleaning problems will arise (but no more th~ with forcep 

hinges) • 

Comments on the space used by the equipment were favourable, stating 

that normal operational .tasks could be performed, though this was not an 

originally intended question for this model; 
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5.3 General Conclusions on the Comprehensive Fragment I~an i Plllating Device, 

~Iith respect to the six link mechanism, the cost of this would 

exceed £350, cleanine and sterilisation problems would occur with such 

a device tIC near to the wound. The thread jamming from unintentional 

inputs is a significant problem, HO~lever, the facilities offered by 

this equipment ~:ould be very convenient foz: the surgeon. Yet, because 

the requirements of the design extended beyond the limits allowed by the 

specification, other less convenient mecr~nisms had to be considered. 

The hinged mechanisms satisfy the demands of the specification but 

they are cumbersome ruld are lacking in versatility. In testing the hinged 

mechanism it was realised tha~ the method used to achieve approximate 

motions ~TaS workable and could be applied to a more flexible design 

based on separate grips and an attachment. The appeal of this strategy 

was that certain fractures could be aligned with hand held grips alone 

and, the attachment added when necessary. Being able to market the , , 

pieces, se1~rately was also a~considered advantage. 

From this_ p~int, it was decided to examine the possibility of 

producing separate hand-held ~ips and an effective attachment. It was 

therefore necessary to redraft the specification to allow for the design 

of grips and a separate attachment. Though the next step was to design 

suitable hand-held grips. 



C H APT E R 6 
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THE DESIGN AND TESTInG OF HAND.HELD BONE HOLDING GRIPS. 
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6.0 THE DESIGN AND TESTING OF 'HAND-HELD' BOllE HOLDING GRIPS. 

The l{ork on the gripping of bone, see Chapter 4, indicated that 

a novel means of holding bone was feasible. Though to this point,concern 

had been for a comprehensive fragment manipulating device, the principles 

of bone holding established here, could be applied to a new 'hand-held' bone 

holding grip; From the operation vie~~oint, suitable long grips could 

simply replace the existing bone holding tools for reduction by angulation, 

with little change in surgical technique. Clearly 'hand-held' bone holding 

grips which follow on from the work covered in Chapter 4 had to be designed 

and tested. This would then open the possibility for the eventual design 

of a separate manipulating attachment which could be added to the grips 

when necessary, to mechanically provide,or assist the surgeon produce,the 

. alignment movements. (The design of the separate manipulating attachment 

is covered in Chapter 7.) 

The benefits of this solution. include, that: 

(a) both existing operation techniques (see 2.1 and 2.2) could be 

achieved; 

(b) the equipment could be used progressively, that is, the 

surgeon could initially work without the attachment, particularly 

for fragments which are easily aligned. If and when difficulties 

occur, the attachment could be added. This point has the ex'tra 

advantage in that the ,surgeon could learn to use the equipment 

in stages; 

(c) the equipment ldll be versatile and the bone holding grip could 

be used'for other femur operations, or possibly, for operations 

on other bones, and 

(d) the grip and attachment could be marketed separately or together. 

The next step ~ras to extract and expand on those aspects of the 

specification (see 3.5) which llerc a:pplicable to hand-held bone grips. 
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6.1 Design Specification for an Independent Femur Fragment Grippine Device. 

The follolling desien specification for the hand-held bone holding 

grip was dra~m up on the assumption that the design would involve the three 

points and strap model .which had been tested on animal bones (see Section 

4.4). From this, it was also assumed that at this stage, the grip would 

be manufactured in the non-expendable materials. The specification is 

written in two parts the first part includes the criteria which the design· 

must achieve and the second part includes those criteria which are 

considered as desirable. 

Part I 

The grips will: 

(a) be able to hol,.d blood covered bone against a force of 200 lbf 

acting in line with the bone. 

(b) hold femurs cf 0.75 in diameter to 1.75 in diameter and allow 

for the normal geometric variations in femur cross-secticn. 

(c) be attached to femur fragments at a distance. between 1.5 in 

and 2.5 in from the fracture face. 

(d) maintain its hold during the fragment manipulations as out

lined in Table 8. 

(e) allow both medullary nailing and external plate fracture 

fixing techniques to be applied. 

(f) operate on elliptical or "spiral' . fractures. 

(g) be liorkable by surgeons wearing surgical gloves. 

(h) be easy to fit to, and remove from the fragflents in any fragment 

position. 

(i) not prevent the surgeon from having access to the fragments, 

or ~Iound, or from using tools. 

(j) not cause unpredictable damage to the fragments. 
10.11. 

(k) be manufactured in acceptable surgical materials. 
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(1) be easy to dismantle for cleaning .and sterilisation, and 

be easily reassembled. 

(m) be capable of withstanding knocks from containers and other 

instruments. 

(n) be unaffected by the sterilisation procedures. 

(0) 

(p) 

not damage the surrounding tissue. 

* cost less than £30 each to manufacture in batches of 100. 

(q) be of such a form that a manipulating attachment can be fitted 

to or removed from the grips situated on the fractured femur 

fragments. 

Part 2 

The grips should: 

(a) be 'lockable' when s'et in place on the fragment. 

(b) have controls which work gradually and give the operator a 

sense of the effect of the application. 

(c) \leigh le3s than 1.5 lbf each. 

(d) be of sufficient length for two hands to take independent 

holds at any Olle time. 

(e) be free from blind holes and c reviceo. 

(f) not reqUire tools for dismantling and assembly. 

(g) require a minimum of maintenance (i.e. no more than that 

required by existing tools). 

(h) be operated by mechanibms which are positioned above the 

wound area. 

* 100 is sufficientl~· large to provide production advantages 
and yet it is \1ithin the estimated market, which may 
initially be slow. 
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6.2 Grin Design< 

, Several designs were produced in an attempt to match the 

specification in 6.1. 

The design shown in Fiffure 39 was used as the basis for a series 

of hand held grips. In the grip shown in Figure 39 the nut for actuating 

the claw movement of the grip is positioned at the top of ,the tube and is 

retained bebelln two thrust-pads or plates. To dismantle the grip, the 

strap is removed and the claw is moved downwards by turning the nut. with 

the clau free from the tube the bottom thrust-pad or plate can be with

drawn. The nut falls downwards to allow the top thrust_pad or plate to 

be withdraun, and finally the nut is withdrawn from the top end of the 

tube. This basic design was tested on a section of dried human femur 

and Rlso on suitable wet pig bone samples. The pig femurs uere selected 

because of their cross-sectional similarities to human femurs. The tests 

were sufficiently encouraging for a patent applicatio~ato be made. The 

additional provision was also made for a grip operated on the screu-jack 

principle (see 4.4) as a safeguard. 

After the initial series of tests, further tests were carried out 

and it was found that the grip performance was improved if: 

(a) the conical points were replaced by points ~lhich had a short 

parallel section betw~en the conical point and the blunt 

supporting pro jection (see Figure 52), and 

(b) a pad was added behind the point on the single point side of 

the grip (see Figure 52) 

An additional development uas the design of an alternative forged 

wire str<ip (see Figure '50) • 
• 
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These developments eased the positioning of the grip, jn that the 

grip could be tightened until each point fully penetrated the bone. The 

pad prevented the metal behind-the 'single point' from digging into the 

bone on angulation underload. The forged wire strap had certain advant-

ages when angulating the loaded fragments, though the form of the strap 

will depend on the facilities available at the time of production. The 
9.10. 

En58J used for the strap is prone to work hardening and requires 

recrystallisation and much subsequent repolishing during manufacture. 

Further redesign occurred with the mechanism of the grip. The 

double thrust pad or plate arrangement at the top of the grip, was 

replaced by a single thr.lst pad or pla.te and a wire loop which enco'1l-

passed the tube to hold the thrust pad or plate in place. The thrust pad 

or plate is removed by turning the loop so that it swings over the top of 

the tube, allowing the thrust pad or plate to be withdrawn. A secondary 

purpose of the wire loop, is that it provides the operator, who will be 

wearing rubber gloves, with a means of turning the grip about its 

vertical axis. The need for this addition arose from early considerations 

on the manipulating attachment. 

Photographs. of the grip prototype are shown in Figure 40,and 

Figures 41 and 42 show the grip prototype positioned on a section of dried 

human femur. The test results showed that the grip could support the 

necessary load and the method of operating the grip was approved by surgeons. 

When the g;;:-ip ~Tas removed, the animal bones used to test the grips load 

supporting ability contained only 3 small point marks ani a faint impression 

left by the strap. 



• 



Figure 40. 
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Bone Holding Grip; (-a) assembled, and (b) dismantled. 
(Note the grip shown is a prototype and not a final 
form.) 
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Grip positioned on a section of dried 
human femur, from the end. 
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. Figure 42. Grip positioned on a section of dried human 
femur, from the front. 
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6.3 Use of the Grips in the Operating The~tre. 

The tests carried out on animal. bones (see Chapter 4) confirmed 

the grips ability to support loaded bones of the expected diameters and 

with varied cross-sections. After simulated. angulation tests, the 

grip shown in Figure 40 was prepared for use in the operating theatre. 

was: 

For the operation a progression of routines was suggested, this 

(a) that a grip be fitted to the top fragment only, and the frag

ments to be eeparated by pulling on the foot, the alignment then 

produced by using the grip and single pair of forceps; 

(b) that grips be fitted to both top and bottom fragments, which are 

then separated by pulling on the foot or by forcing the grips 

apart, or by a combinatjon of these methods. The fragments to 

be. aligned using the grips, and 

(c) to be added later, that the attachment be fitted between the 

two grips to separate the fragments mechanically. 
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AIl Operation to Align a Compound Fracture of a Femur using the 

Grip shown in Figure 40. 

The grip shown in Figure 40 was used in the operating theatre on 

a live person using the first of the routines. The· principal events 

of the operation were photographed and are shown in Figures 43, 44, 45, 

46, and 47. 

J!'igure 43. Showing X-radiographs of the fractured fellur 
on which the grip was first used. (This 
sh01~s an elliptical or 'spiral' fracture 

. which extends over about If inches of the 
femur length.) 
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Figure 45. Aligning 1;he fragments. 
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Modifications proposed after clinical use. 

From the ,tests on animal bones and the work in the operating 

theatre it was demonstrated that the grip as shown in Figure 40 
• 

satisfied the functional aspects of the specification. Further to this, 

there is no reason why this design will require more maintenance than 

existing tools. The maintenance is expected to be'restricted to point 

sharpening. 

However, certain comments came from the surgeon who used the grips, 

these were: 

(a) the adjustment thread 0.25 in dia. B.S.F. uith a pitch of 

0.0385 in was slo~1 

(b) it was difficult to turn the grip about its vertical axis. 

At this point knurling the grip body was suggested. A thicker 

thrust pad holding wire would also satisfy this requirement, and 

(c) this fracture was elliptical and the strap vridth (see Fig..tre 42) 

restricted the use of the grips to the first, of the routines. 

In addition to these suggestions, discussions took place ooncerning the 

position of the operating nut. It was agreed that a clear opening, even 

if threaded, through the body of the claw would not be difficult to clean. 

From this it was decided to incorporate the operating nut into the claw' 

body,(this deletes clause (h) of Part 2 of th~ specification under 6.1). 
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6.4 I \ G " 
RedesiP,n of the Hand-Held rip. 

At this "stage 'itliasreasonably established that long'hand-held' 
• ,~ .. ::.~,<~:,.,., ... 

grips could perforin'a high. proportlon of the reductions without "-'echp..nical 

aid. 

Having completed the tests, the grips were. redrawn to incorporate 

the alterations to the points and cla1i. The nut was· now positioned 

at the bottom of the grip and contained llithin the claw. An earlier 

tactic had been to try to keep the claw free from openings to ease clean-

ing, but the advantages of ease of production and reduction in 1ieight, 

out-w'eighed this point. The redesigned form of the grips are shoWn in 

Figures 48 and 49. 

Figure 48 shows a grip with the claw in the 'normal' form, and 

Figure 49 shows a redesigned claw which is easier to make by either 

investment casting, forging or ~Telding. Additionally the points shown 

in Figure 49 are adjustable,~lhich will ease maintenance, but their manu

facture in En56B(R)9 will be extra items of produc tion. 

In both figures 48 and 49 the grips are sho~1!l Idth thrust-pad 

holding wires. The purposes of the wire are: 

1. to hold the thrust-pad in place; 

2, to provide a convenient means of removing. the thrust-pad, i.e, 

the wire is swung to the horizontal and the pad is pushed out to 

allow the grip to be dismantled, and 

3. to ease the manual rotation of the grip. 

The thrust-pad and wire are shown in detail in Figure 53. 
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6.5 Considerations on Grip Details. 

, Considerations regarding the strap. 

The straps as drawn in Figures 48 and 49 were tested, and they 

held the fragments adequately being suitable for both. normal and 

elliptical or 'spiral' fractures. 

The straps shown in profile in Figure 50 have certain positioning, 

and holding under angulated load advantages .•. The advantages do not 

rule out the alternative straps mentioned. HO~Tever the form of the 

straps shown in Figure 50,drawlngs (a) and (c) assists in the grip 

alignment. I'Ii th these the metal digs in to the bone slightly, leaving 

its impression on removal, and this adds to the grips stability when· 

angulating the fragments under load. (For this the grip alignment is 

important.) A disadvantage of the form shown in drawings (a) and (c) cf 

Figure 50 is that the breadth can overlap an elliptical cr 'spiral' 

fracture. The straps shown .in Figure 5~drawings (b) and .(d) do not 

suffer from this disadvantage. As a compromise to supplying each grip 

with four straFs, the proposal 1s.that each grip be supplied with two 

straps, one 5.6 in inside length and the other 4.6 in inside length, of 

the form shown in figure 50, drawings (b) and (d). Though as mentioned 

earlier under 6.2, the constt'udionof the strap will depend on the 

facilities available at the time of production. 



(c) 

W', 

ll'O NOM. 

vJt = o· 45 min. 
W2. = 0·7 IIldX. 

w. Wz 

?>--'-----:::s 
(d) 

,,\] ~I 

Fi 9ure 56. Stra p fl-';ftl~s. 
Straps of the form a, b, c, and d were tested. 
b ana d are necessary for spiral fractures. 
All made from l4G drawn stainless steel wire 

, similar to En 58 J and forged down to 0.020 in 
progressively as shown. 
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Considerations regarding the shape of the Claw 

Ideally the three points should dig into the bone together and 

each penetrate fully, so that the metal behind each point rests on the 

bone surface. Since a single claw ldll have .to operate on all femurs, 

ranging fromt in to It in diameter, and space for the possible passage 

of the plate (see ~'igure 3) has to be allowed, certain design considera

tions had to be made. Additionally, the configuration of the three 

projections ;Till affect the production costs. Claws were made with and 

without compound angles on each projection and point. On testing and 

comparing the grips it was decided that the production advantages were 

to be pursued and the compound angles dispensed with; Figure 51 shows 

aT" early grip with compound point angles, positioned on a sample of 

dried human femur. Later grips adopted the configurati ons sho;1n in 

Figures 48 and 49. Figure 52 shows an acceptable point and projection 

configuration together with a diagram which shows the most developed 

point form. 





Figure 51. Claw with compound pOint angles positioned on a sample of dried 
human femur •. 

.... .... 
'" 
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Considerations on the Tube and Hooks, Claw Body, Knob and Thrust 

Plate (See Figures 48 and 49) 

The Tube and Hooks. 

The main consideratiol13 here are the availability of material and 

ease of production. 

The 0.75 in diameter 16 gauge tube is readily available in the material 

required. It is easily flattened and cold formed. The sides are flattened 

to act as guides for the claw body, and the hooks are formed to pick-up 

the straps. One hook extends further over than the other, so that the 

strap cannot become completely detached from the erip with a straight push. 

The strap is removed from the final hook, by threading the strap round and 

sliding the flat part of the strap through the narrow opening. The form

ing operations do not require special tooling. This factor could well be 

significant for a small firm considering production, of ~lhat may initially 

be small batches. The tube is capable of withstanding the bending stresses. 

However the hooks 0.4 in wide will be considerably st~essed a.'1d should be 

cold worked. At this time this is preferred to dishing the hook cross

section. The only machine operation on the tube is the milling of the 

slots which locate the thrust-pad or plate. 

The Cla1i Body.' 

The cla~1 body is 1.75 in long above the three projections, its cross

section matches that of the flattened tube -to give a sliding but not. slack 

fit. The female thread is contained in the upper 0.375 in, and the thread 

is nominally 0.25 in diameter (mc. The centre of the body beneath the 

thread is opened, to allow for cleaning 1ii th a hose and small spiral brush. 

The cla~1 and body are produced together as investment castings. 
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The claw prototypes were produced·by welding the cut out projections 

to the previously machined body. The total cost of this manufacturing 

method is such that it must not be overlooked by subsequent developments. 

The method is not included directly, because the special argon shielded 

tungsten arc equipment may not be available at surgical instrument 

manufacturing factories. 

The Threaded Bar and Knob. 

It is assumed that a maximum force of 100 lbf per point will ho11 

the grip in place. Ignoring losses, the vertical force on the 0.25 in dia. 

threaded bar is 300 lbf, on.the longest grip produced, the threaded bar 

is 11.0 in long and will not buckle under this load. 

The knob as drawn,(see Figures 48 and 49) is an investment casting. 

This item incorporates both·the knob and the thrust pad or plate location 

groove. The threaded bar,t in dia. UNe has. a pitch of .05 in, consequently 

the knob need not be large. 

, 
The knob could be replaced with a suitably machined bar to be 

turned by means of a 2.0 in long tommy-bar. 

Thrust Pad or Plate. 

This item is to be either stamped or cut from 0.3. in thick plate. 

The thrust pad holding wire will assist manual rotation of the grip. 

Fi~e 53· shows this arrangement, and is preferred to knurling the tube. 
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CHAPTER 7 

TIrE DESIGN OF A IlAN'IPULATING ATTACmlENT WHICH 

Q!.!:LM..JillDED TO I Il.AND-HELD' GRIPS. 
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7.0 THE DESIGH OF A NA.1'JIPULATING ATTAGmlENT ';THIGH CAN BE ADDED 

TO 'HAND_HELD' GRIPS. 

The 'hand-held' grips can be applied to the existing operation 

techni~ues as outlined in Chapter 2. For many cases'the grips alone 

will be sufficient to accomplish the realignment of the fragments. 

However, for 'difficult' cases the addition of an effective Ill4nipula;" 

ting attachment to the positioned grips will ease the realignment and 

with this initial aim in mind,the design and planned testing of the 

attachment was undertaken. 'A secondary aim was that in time, and 

after acceptance, the attachment will be used for more than just the 

difficult cases, and this was borne in mind throughout. 
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7.1 The design Specification for the Hanipulating Attachment. 

From the work covered ~ Chapters 3 and 5 it is possible to draw 

up the specification of re~uirements for a device which can be attached 

to the 'hand_held' bone grips, for the purpose of separating and bringing 

into line the fragments of a compound fracture of the femur. 

The specification of re~uirements is written in two parts, the 

first covering those ,features which the attachment must accomplish in 

order to function, and the second to provide further desirable advantages 

over a purely functional design. 

Part I 

The attachment will: 

(a) be fitted to the 'hand-held' grips secured to the fragments 

lying in any position. (Assuming that the grips are spaced 

as specified in 6.1.) 

(b) be easily positioned so as not to cause a prolonged delay' to 

the operation se~uence. 

(c) be easily removed from the grips in any fragment position. 

(d) not prevent the grip control knob from being adjusted, or the 

complete removal of grips and attachment together at anY time. 

(e) be fitted to, and removed from the grips by an operator ~TeaJing 

surgical gloves. 

(f) when in position, allo,{ the surgeon access to the wound and 

fracture and will not prevent the use of any other necessary tools. 

(g) be used for both roedullary nailing and external plate fracture 

fixation techniques. 

(h) not restrict the free movement of the patient or of the leg 

being-operated on. 

(i) provide either the movements shown in Table 6 or those shown in 

Table 7. 
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(j) have controls which can be easily used by an operator l~earing 

surgical gloves. 

(k) be capable of acting against a maximum force of 200 lbf when 

producing the main separation movement T~~. 
10.11 

(1) be made of acceptable surgical materials. 

(m) be capable of withstanding knocks from other tools and 

containers. 

(n) be functionally and materially unaffected by sterilisation. 

(0) be sufficiently simple in construction so 'that nurses can 

dismantle it for cleaning and assemble it afte~iards. 

(p) cost, together .~th a pair of bone holding grips,no more 

than £350 (1975). 

(q) together with a pair of bone holding grips, weigh less than 10 lbf. 

Part 2 

The attachment should: 

(a) move the fragments from simple control inputs. 

(b) provide for the movements shown in Table 8. " 

(c) provide the operator ~lith a sense of the effect of the movement 

produced. 

(d) be capable of 'compressing' the fracture. 

(e) require a minimum of maintenance. 

(f) be applicable to fractures other than those of the mid'femoral 

shaft. ,,' .. ' 

(g) be free from small blind holes and fine crevices. 

(h) together with a pair of bone holding grips, weigh less than 5 lbf. 

(i) cost, together liith a pair of bone holding grips, an amoimt which 

compares with that of existing equipment (see Table 2). 
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7.2 The Design of the Hanipulatiiig Attachm~nt. 

The major force to be overcome "is the 200 Ibf maximum force acting 

along the bone centre line,and this is only encountered when the fragments 

are nearly aligned. If the device can hold the force in the direction T~ 

the remaining movements can be provided by a less mechanical means, and 

the hand involvement can increase. 

Normally, and with the full mechanisms considered,_ the device is 

completely constrained, so that on given inputs, movements result 

controlled by the nature of the mechanism. With hand control, the usual 
• 

surgical tecr~ique, the movements are tmconstrained and once a position 

is achieved it has to be held by some means or other. 

In an attempt to invert the normal mechanism 'principle' as stated, 

it was decided to experiment ~Tith pieces of equipment lrhich ~Iere completely 

unconstraL~ed. yet in such a form that locks could be provided, to prevent 

any unl-mnted moticn from occuring. 

Alternative ways of producing each motion were considered and the 

information in the Appendices I and II, and generally in Chapters 3 

and 5 was reassessed, to produce the strategy shOlm in Table 12. 
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Table 12. Movements and possible methods of 
Achievement. 

Uovement Proposed method of achieving 

T"", By left and right-hand screw threads worldng 

in nuts fastened to each grip. 

Tyy 

Tu. 

R,y 

By turning the grips in the same clockwise 

or anticlockt,lise directions, when viewed fro,m 

the front. 

By turning the grips in the same clockt~ise or 

anticlocktdse direction when viewed from above 

OR possibly by rotating the grips L~ opposition 

about a single central thread provided for T~. 

Possibly by slack in the mechanism or by some 

other means. 

By turning the grips in opposite clocblise or 

anticlocktiise directions when viewed from above. 

By turning the grips in opposite clockwis~ or 

anticlocktdse directions when vie,led from the 

front. 
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Considering the means of achieving the TX~ and R~~ movement. 

Previously attempts had been made to achieve both Txx and an 

approximate Rz~, by using a pair of vertically aligned horizontal screwed 

links. The links to be geared togehter with two alternative gear ratios, 

one to produce the T xx transla tion of the fragments and the other to 

produce the RZ2 rotation of the fragments. This scheme suffered from the 

long length of the twin screws and the degree of complexity. In the 

selected design a single threaded link is used to achieve the T)()< trans

lation, and also to partly produce the Rz-z.rotation. This scheme uses 

hinges between the threaded link and the grips, so reducing the necessary 

length of the link to produce Rz-z.. The general arrangement of this 

. scheme is sho~m in Figure 54 and the preferred methods of producing each 

fragment movement are summarised in Table 13 1~ith rome additional 

.. explanation in the note preceding the Table. 
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Note: .. 

The R~~ rotation is achieved by eithep p~~sically levering the 

. grips together and simultaneously reducing Tx~ , or, it can be achieved 

by firmly moving one grip and adjusting Txx to correct the angulation. 

In practice both grips will be held while the Txx input is added. The 

large Tx)' adjustment required for a hinge so far above the bone 

(see Appendix 11) can be used as the means of achieving R~~. A feature 

of the locks is that they can be partly ori, to provide a braking effect 

against any movement which is likely to occur, due to such as a possible 

slippage. 

For future reference, the means of tightening the attachment to 

the grips are referred to as, 'the grip to attachment locks', &~d the 

means of tight.~ingon to the hinge pins, which allow the grips to turn 

about the attachment, are referred to as 'the hinge locks'. 
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Table 13. Methods of Achieving each Jlotionof the Fragments. 

Motion Preferred means of 
Achieving the }!otion 

By horizontal screw 

For small adjustments by moving the 

grips in vertical opposition ahout the 

hinges.(From the front, the grips are 

turned about the hinges in the same direction) 

Large movements by sliding the grips 

bodily vertically in opposition. 

Condition 
of Locks 

All locks closed 

Hinge locks open. 

Grip to attachmen1 

locks closed. 

Grip to Attachmeni 

locks open. Hinge 
locks closed. 

T= By turning the grips in opposition about All locks closed. 

the central thread. (From the end, the grips 

R)t)( 

Ry)' 

are turned in opposite clockwise or anti

Clockwise directions about the thread which 

joins the hinge pins.) 

(a) By slack in the mechanism connections. 

OR (b) In th all locks free, or partly so, 

the grips can be turned in opposition to 

provide R#. A- T,..,. input is necessary 

because the thread is diagonally displaced. 

The grips are turned in opposite clockwise 

or anticlockwise directions when viewed 

from above. 

(a) All locks ClOSE 

(b) All locks open. 

Grip to Attachment 

,locks open. Hinge 

locks closed. 

R"Z,%. The grips are turned in opposition about the Hinge locks open. 

hinges. The hinges do not allow full rota- Grip to Attachment 

tion having grooves 'cut in the way of the 

lock screw which restrict the'motion to 

that demanded by the requirements. 

locks closed. 
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7.3 Testing of the Prototype Ila'lipulating Attachment. 

The manipulating attachment was manufactured and tested on a model 

leg, in the presence of theatre staff and surgeons. The device achieve~ 

all the required motions and these are shown in the Photographs Figures 

55, 56, 57, 58, and 59. Figure 55 shows the aligned fragments, Figure 56 

shons the Ru- angulated fragments, Figure 57 shows the fragments separated 

by Tyy , Figure 58 shows fragments separated by Tl.z, , and Figure 59 shows 

fragments angled to Ryy • 

Figure 55. Prototype Hanipulating Attachment fitted to 
the model leg .~dth Aligned Fragments. 
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Fjgure 56. Prototype Manipulating Attachment fitted to 
the model leg with the fragments langulated l 
to R%.'Z. (approximate ). 
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Prototype Manipulating Attachment fitted to . 
the model leg with the fragments separated by 
an approximate Tyy ~ovement. 
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Figure 58. Prototype }!anipulating Attachment fitted to 
the model leg with the fragments separated by 
an approximate Tu. movement. 





Figure .59. 
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Prototype Manipulating Attachment fitted 
to the model leg with the fragments 
angled to Ryy (approximate ). 
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The fragments ,rere positioned as sholm and brought back into 

alignment using the procedures defined in Table 13. The 'muscle' 

strength of the model leg is increased by adding rubber bands cut from 

a heavy dut-! inner tube. Though the arrangement shown cannot be 

compared with the real muscle arrangement, the model leg servad a use

ful purpose in that it was possible to set it up to the forces described 

as normal, and to carry out realistic tests, or to remove some of the 

rubber ~ands and use it for demonstrations. 

At this stage the solution, by means of grips, or grips with the 

attachment, appeared adequate. 
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7.4 'Considerations on Features of the Hanipulating Attachment. 

The locks bet,ieen the grips and attachment. (i.e. the, grip to 

AttachIDent locks) 

These locks have to resist a turning moment caused by the maximum 

200 lbf, acting to turn the grip when the fragments are almost in 

alignment. The worst condition will arise when the fragments are being 

brought together from a T~~,separation and they just overlap. , In this 

case a 9/32 in dia. BSF thread driven by means of a 2.0 in tommy bar 

(using the nut form shown in the prototype photographs) would produce 

a sufficient force' at the bridge pi'ece to resist turning. 

The manipulating attacwent ~inge locks. (i.e. the hinge locks) 

The turning moment acting to cause movement' of the hinge is large. 

Assuming that for the maximum force, the attachment is aligned 4.0 inches 

above the femur centre line, the turning moment will be 800 lbf in. ,The 

hinge can be locked against this turning moment, though for ease of 

operation the tomm;ii bar, length is inc,reased to 3.0 inches (using the form 

of nut shown in the prototype photo&Taphs). Theres,uting increase in 

force on the screw, demandR that this should be 9/32 in dia. BSF and of 
. 10 high tensile steel or of the 'irought cobal t/chroml.um alloy. 

In practice it is unlikely that the maxillium force of 200 lbf will 

be frequently ,if ever, required, the attachment is designe'd assuming 

that this force represents a maximum value. It should also be noted 

that the effect of this lock can be addod to by hand, using the grip as 

a lever. 

The central screw. 

The prototype was tested using a 3/8 in BSF screw, The Lowman's 

clamp attachment, the distraction d'3vice shown in :B'ignres 6 and 7, uses 

a smaller diameter thread than this. Though it is possible to position 

this to within two inches of the bone centre-line, causing a close 
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obstruction, yet reducing the bending moment. The maximum bending 

moment on the central screw l~ith the attachment positioned 4.0 in above 

the'bone centre-line will be BOO in Ibf with the hinges locked. This 

can b'e resisted by a t in BSF thread of either cold l~orked stainless 10 

steel or a cold worked ~lrought cobal t/ chromium alloy~O The thread will 

be cut left and right handed on each side of the bar centre. 

The hinge pin. 

As drawn on Figure 54 the hinge pins are t in diameter throughout, 

~Iith a t in diameter BSF thread it will be necessary to increase the 

diameter of the pin to 7/8 inches :iri ~ray of thread. ~he hinge can be 

.stepped down to t in diameter or the block holdirig the hinge redesi/sned 

to allow for the unstepped 7/8 in diameter pin. The groove is machined 

in the pin so that rotational movement is restricted by the locking screw. 

The screlf and groove also serve to locate the pin in lateral position 

with the block. 

The main hinge blocks. 

~hese are designed to be investment cast, though the prototype was 

of a welded construction. A fabricated design in 1/8 in plate is 

attractive from the cost point of view. The lock to the hinge pin uses 

the natural elasticity of the block material. This lock. has to produce 

considerable force and on test the arrangement has proven its capability. 

The handle for turning the main· screw. 

A. haI.dle of the form~hovrii::·:i.rt·the prototype' (see Figure 56) was 

easy to use. However an extension of this would be a central boss with 

the left and right hand t~eads fitting into either end, and a + inch dia. 

tOlllIJlY-bar • 
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General Comment on the Considerations of the Attachment. 

The large bending moment on the central screw is only significant 

when the hinge locks .are closed. The hinge locks can be adjusted to act 

as a clutch and the bending can be partially absorbed by the closed loop 

of the grip screl~construction, and partly alleviated by the additional 

force applied by hand to the top of the grip. Since the 200 Ibf is 

regarded as an absolute maximum and as such involves a factor of safety, 

the design shown in Figure 54 with the 3/8 in dia. BSF thread could be 

reasonably applied when assisted in the manner described. 

An alternative would be to remove the hinge loclc, leaving the hinge 

free to turn. ROliever there will be occasions when the locked condition 

is. advantageous, and for this reason the locks are retainett. The 3/8 in 

dia. BSF is considered adequate, and because it has weight and cost 

advantages over the t in dia. BSF thread, it is preferred. and recommended. 

For a fuller explanation see Appendix Ill, pages 192 and 193. 



CHAPTER 8 

EVALUATION OF GRIP AND ATTACHNEHT. 
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8.0 EVALUATION OF GRIP AND ATTACmlEIIT. 

The grips and attachment were tested on a cadaver of a forty-nine 

year old man uho had died ten to eleven hours previously.· The condition 

of rigor mortis had receded sufficiently to allow the muscles to function 

against the applied forces. The pathologj.st present advised that this 

condition was not dissimilar to that of relaxed muscles. 

The conclusions were based on these'and other tests and information. 
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8.1 -Testing the Grips and Attachment cn a Cadaver. 

A series of tests was devised to check that the attachment and 

grips met the specified requirements. The purpose of each test in turn 

was: 

) 
Test 1, to check the effect of the grips fitted to the opposing 

femur fragments; 

Test 2, to align the fragments with grips only, usi. ng the 'angulated 

fragment technique" (see Chapter 2); 

Test 3, to check that the attachment can be easily fitted to the 

opposing grips with the fragments in the tangled' position; 

Test 4, to check the space occupied by the attachment; 

Test 5, to align the fragments, using the attachment, be~inning from 

the 'angled' position; 

. -Test 6, to align the fragments, using the attachment, beginning with 

the fragments lying one above the other; 

Test 7; to align the fragments, using the attachment, beginning with 

the fragment ends overlapping, and the fragments lying in a 

'naturally displllced' position; 

.Test 8, to confirm the ability of the attachment to produce the move-

ments outlined in Table 13; 

Test 9, to check the rigidity of the device when fully locked; 

Test lO,to attempt to 'compress' the fracture; 

Test ll,to check that a plate (see Figure 3) could be fitted, and 

Test l2,to examine the fragments, on removal of the grips, for damage. 

The Procedure. 

The incision ~18S made in the upper and outer aspect of' the thigh, 

and sufficiently long to allow the fragment positions -to be viewed and 

photographed. The pathologist was a8ked to make the incision SO that it 

would not greatly reduce the available muscle force (Use of the grip in 
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the operating theatre (see 6.3) had shmm that the grip could be positioned 

through a normal ~Tound, the· incision of which was equal in length on either 

side of the fracture. In this instance it was considered more important 

to know mere the fragments were lying, than to attempt to follow the 

. normal operati"'9 procedure.) ll'ith the incision made the femur was cut 

through in a typical mid-shaft fracture position and the grips fitted, 

the following tests were then performed. ~ecause the cadaver became 

available at short notice neither the medical adviser. to this project 

"ef his assistant could attend. The medical profession was represented 

by the pathologist, and the manipulations were performed by the author. 

Test 1. 

The grips were fitted with ease to the opposing femur. ~ragments, 

using the longer straps •.. Attempts were made to rock each of the grips 

in turn. Both held rigidly with no movement relative to the fragment 

to which the grip was attached. 

The grips I~ere left in place for the remaining tests. 

Test C. 

The fragments ~Tere approximately III igned using the grips alone 

starting from the angled fragment position. The alignment was produced .. 

. using the 'angulated fragment technique' (see Chapter 2). The photographs, 

Figures 60 and 61, show the initial and approximately III igned positions 

of the fragments and grips. During thic manipulation it was necessary 

to ask the mortuary assistant to guide the foot. No other extra 

separation force was applied Rnd the alignment was produced, though some 

effort was required. 
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.... 
( 

Figure 60. The 'angulated' fragments. 

Figure 61. Fragments approximately aligned from the 
'angled' position. 

"/ 
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Test 3. 

The fragments were 'aneled' and the attacllment was fitted in 

about one minute, the thread having been previously extended. 

l!'igure 62 shows the <angled' fragments with tile attachment in 

posi tion. 

;,~-,..,.,....-

c 

Fieure 62. The fragments • angled' with the attachment 
in position. 

Test 4. 

The purpose of this test ~Tas "to cheek the attachment did not 

restrict the space above the fracture. As can be seen from Figures 63 

and 64 the attachment lies ab ovethe flesh". This test was an ongoing 

one and observations summarised here were made as the remeining tests 

were carried out. 

It can be seen from the photographs that the attachment does not 

greatly :::-estrict the work space above the fracture. Considering the 

" position of the elements of the equipment, the fragments can be approached 
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from the front through the space of a normal 1round (for reference see Figure 

45). During the tests it was noticed that the handle attached to the long 

horizontal thread oaught the tissues, this did not prevent the handle from 

being turned. The tissue was· simply retracted. to provide clearanoe. 

(The grips could have been set further away from the wound side without 

completely restricting the access to the fracture.) 

Test 5. 

The fragments were placed in the angled position, (as shown in 

Figure 62) they were in longitudinal alignment when viewed from above. 

The .grip to attachment locks'were secured with the 'hinge locks' free 

but not slack. One grip was·held and the fragments were approximately aligned 

(see Figure 63) by reducing the thread length between the hinges. Slight 

corrective movements were necessar;;'. 

Figure 63. The fragments aligned from the 'angled' 
position. 
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Test 6. 

The locks were loosened to the point where the attachment Has 

separate from the grips and the fragment ends were overlapped one above 

the other (as sh01'itl in Figure' 64). The' grip to attachment locks' ~lere 

secured and the 'hinge locks I 1rere loosened but not compl etely. The 

thread length between the hinges was extended to separate the fragments 

longitudinally, and by reducing the thread length and moving the grips 

in vertically opposite directions the approximate al ignment was 

achieved (see Figure 65). (The reduction in thread length was necessary' 

because the upper fragment turned about the hip which caused the grip 

on that fragment to turn shout the same point.) After the initial align-

ment corrective movements ~lere applied. (The procedure here could have 

been repeated by holding the top fragment level and the ali'gnment achieved 

by either rotating the lower fragment about the heel or by lifting the 

lower fragment and leg until the fragments were in line. Because of lack 

of assistance this routine was not tried.) 

Figure 64. The fragments plac,d O!l6 above the other 
and slightly separated. 
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Figure 65. The approximately aligned fragments. 

Test 7. 

From the preyious alignment, the locks ~Tere slackened to the 

point where the fragments could be moved to find their own position, 

this .;as approximately side by side, though vertically displaced (as 

shown in Figure 66). The thread length was adjusted and the 'grip to 

attachment locks' tightened. This procedure produced conditions similar 

to those,·which would be encountered by a surgeon, when picking up the 

fragments from a 'natural' position. The hinge locks were then loosened 

but not completely. An alignment was a~hieved by extending the thread 

length and simultaneously rotating the grips about the thread and·hinges, 

followed by a reduction in thread length. (The reduction to the thread 

length was necessary because the upper fragment again turned about the 

hip.) 
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Figure 66. Fragments lying in a natural position, 
slightly separated • 

./" 

Test 8. ' .. 

The previously described tests substantially cover the movements 

stated in Table 8 of the specificatioIt;and the means of achievement, 

as stated in Table 13. In fact the alignment procedures were retested. 

Also, small corrective movements were performed fre~uently. 

Referring to Table 13. . . 
(a) A T)Cx translation was produced fre~uently, as stated. 

(b) An approximate Tyy translation was produced by rotating the 

grips vertically about the hinge pins, and by sliding the 

grips vertically apart 1d th the 'grip to attachment lock' 

loosened. The former method is sufficient to achieve the 

re~uirements. 
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(c) An approximate TZ:z. translation was most easily achieved 

by turning the grips about the thread which connects the 

hinge-pins, the specified movement v/as achieved. It was 

difficul t to produce a T,z translation by turning the grips 

bodily, with the ~rip to attachment locks' loose, because the 

fine wire loop on the thrust pad was not sufficiently strong. 

The proposed modification (see F:igure 53) had not been 

incorporated on the models used for these tests. 

(d) An R~ movement was achieved in both directions by turning 

the grips with all the locks ~ree, but not slack, and varying 

the length of the thread between the hinge-pins accordingly. 

(e) An approximate Rvy.was a~hieved though with some difficulty 

due to the fine wire fitted to the thrust pad. The comments 

on the second method of producing the T~~ translation apply 

here. 

(f) An approximate Rz~ movement was produced in one direction 

when the fragments were 'anglea'. o With approximately 120 

o between the fragments the fragments were turned through 60 

of the approximate rotation. A bigger rotation would have 

been possible with a shorter upper fragment. 

Test 9. 

With the fragments aligned, all locks were tightened and attempts 

were made to move the fragments fr.om alignment - by applying reasonable 

force to each of· the grips in turn. The locks held. 
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Test 10. 
-

The fracture 1ias 'compressed' by using the grips as levers and 

then tightening the hinge locks. K small reduction to the length of the 

thread which r)JIls between the·hinge pins then added to the effect. 

Test 11. 

With all locks secure a plate 1ms of.fered in place, fitting this 

would have presented no difficulties. Figure 67 shows the space available. 

Figure 67. Space available for fitting plate. 

Test 12. 

Wbenthe grips were removed,the fragments were examined for marks • 

. The only visible damage 1-1as three small holes in each fragment. 
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Comments on" the Equipment as Used. 

Before the tests a stop was fitted to each grip, these can be 

seen in Figures 60 and 61. -(The grub screw was not used, and is 

unnecessary). The stops serve two purposes. They prevent the attach

ment from slipping on to the flattened area of the tubes, which would 

restrict the free movement ,and they alao provide a level for alignment 

which is helpful when using the attachment to move the fragments from 

the • angled' position. The stops need be no more than 0.25 in thi~k 

discs having a 0.75 in clear diameter bore with 1.0 in. outside diameter. 

When the fragments were aligried the central faces of the main 

blocks were close together. -It would be advantageous to increase this 

distance by reducing the length of each hinge block bet1-1eeli the grip 

centre-line and the front face by 0.25 in. k single tommy-bar. 1-las used 

throughout the tests, and it is easily turned when liearing surgical 

gloves. Despite earlier reservations, the author now recommends the use 

of tommy-bars for surgical handles, though possibly fixed in place, as they 

could be on the grips. From earlier tests, the need for a thicker wire 

with which the grip is turned, was mentioned. The form sho,m in Figure 53 

is confirmed as essential for ease of operation. 
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Conclusions from the Tests on a Cadaver. 

The femur ~Tas smooth, cylindrical and straight. The author was 

satisfied with the performance of the equipment. The alignments were 

accomplished, each more than once, in a little over thirty-five ·minutes. 

The only assistance required, when manipulating, "as that applied to 

guide the foot, and this on not more than three instances of a few 

seconds each. Normally as the manipulations occurred, the foot slid 

back and forth along the stainless steel tray which supported the body. 

Additionally, the author was surprised to find that the pair of grips 

fitted to the attachment could be used with relative ease together, 

in a manner similar to the joy-stick control of an aircraft. The 

fragments in the 'natural' position were aligned lTith the 'grip to 

attachment locks' closed, a.~d by moving the grips so as to turn each 

about the thread and hinge_pins simultaneously. The al ignment was 

directly achieved with only SIDE.ll adjustments to the thread connecting 

the hinge-pins and this could be applied with ease by an assistant. 

During the tests it became apparent that with this equipment, the 

1.75 in T:tz. specified in Table 8, need not be essential. The fragments 

can be placed in any overlapped position to start, so that the 1.75 in 

could apply to either Tu; or. T~y as an essential requirement. 

Throughout the tests neit~er grip moved relative to the fragment 

on :rhich it was positioned. 
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8.2 Additional Tests to Demonstrate the ability of the Equipment· 

.i2.....Q.perate against the HaximUlIl Specified ~'orce • 

Throughout the tests on the cadaver and on the· model leg, the 

attachment has performed as predicted. However on no occasion has 

the force on the assembled grip and attachment approached the maximUlIl 

specified 200 lbf. It has been proved that the grips are·capable of 

supporting bones carrying this load, however, the attachment has not 

been testeu against the maximum force. In this it would be necessary 

to balance the large bending moment, which could be applied to the 3/8 in 

B.S.F. thread, by using the long grips as levers. (see Appendix In) 

To show that this is possible the attachment and grips lTere connected to two 

wooden cylinders lThich were pulled together by a ferce of 200lbf. The. 

attachment was successfully used to separate them - only a short distance was 

necessary since in practice the maximum force would only occur when the 

fragments were almost aligned. As stated previousl,. the 200 lbf force 

is sufficiently large to incorporate a safety factor. Figure 68 sholT3 

the a=rangement used to perform this test. 

Figure 68. Attachment supporting maximum load (200 lbf) 
with bending moment balanced. 
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8.3' ![eights and Estimated Manui'acture Costs for the Pro posed Design,s. 

(Abstracted from Appendix IV), 

Weight of the equipment used for final tests. 

The total weight of two grips and the attachment is 3.75 lb. 

Each grip weighs 1.02 lb and the attachment weighs 1.71 lb. 

These figures are actual weights, (see Appendixrv). 

Estimated manufacture cost. 

Using investment castings and after making a 300% ~llo~Tance on labour 

fOr overheads the estimated manui'acture cost of the equipment is: 

Grips 

Attachment 

.£24.35 each 

£31.25 each. 

A pair of grips could be manufactured for £48.70 and the grips 

and attachment together for £79.95. These figures make the proposed 

equipment competative ..,ith the existing tools ShOl'ffi in Table: 2. (A 

pair, of, mcdified LOl'1l1lB.ns Bone Holding Clamps and the distraction device 

is marketed for an amount exceeding £106 and the distraction device fcr 

fitting to two pairs of forceps is sold separately for more than £87.73 • 
• 

The prices stated for the existing tools are based' on 1975 quotations -

see Table 2.) , , 



CHAPTER 9 

CONCLUSIONS AND FUTURE DEVELOPMENTS. 
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9.0 CONCLUSIONS tmL!UTTJR~ DEVELOPHENTS. 

Tests using the prototypes of the grips and attachment demonstrated 

that the chosen design can satisfy the observable aspects of· the 

specified requirements; as outlined in Chapters 6 and 7. 

The alternative provided by producing a separate attachment and 

grips offers the surgeon more than the complete manipulating attachment 

alone. Simple fractures will be aligned without using the attachment, 

and this can be added when necessary. 

The decision to incorporate the movements as outlinedL~ Table 8, 

rather tha~ the basic essential movements covered in either Tables 6 or 7, 

adds to the overall flexibility of the equipment. This reduces the 

operating constraints to be placed on the sUrgeon. Conversely, by this 

deCision, the complexity e~d the cost of eqUipment are increased. The 

choice WaS made after the mechanism had been greatly simplified and it 

is considered that neither complexityoo~ cost will cause significant 

problems, bearL~g in mind that the surgeon can learn to use the equipment 

progressively. This is not to say that at some time in the future 

special attacr~ents which do not provide for all the motions will not be 

produced. ,:!here could, for instance, be a demand for an attachment wi th-

out hinges, made by those surgeons who prefer not to angle the fragments. . . 

However, at this stage it is the author's opinion that the flexible 

solution is most appropriate. Additionally the marketing of the grips 

alone, thE:> grips with an at.tachment as a 'complete set', and the attach-

ment alone, will offer hospitals the choice of buying the equipment in 

stages. This will be an inducement to those hospitals not wishing to 

spend the price of the I complete set' in one year. Since the specifica-

tions were developed from the existing equipment and surgical techniques, 

the new equipment will not require significantly different procedures in 
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the theatre. This point will act to ease the introduction of the 

equipment. 

Concerning the manufacture, the design has been produced on the 

assumption that the initial production may be undertaken by a small 

surgical tool manufacturing company, and that the final batch size would be 

of the order of two hundred for the grip and one hundred for the attach-

ment. From these considerations, it was decided to produce a design 

which did not require special tooling, ·and to leave the options on 

production technig}les open to the manufacturer. Also, special fits 

are not called for, and every item can be produced to wide tolerances. 

W'o.-ked O\lt"';.t:~ 
-The final detail design. is to be" the manufacturers. There is 

scope for detail design on several parts, and the hinge blocks in 

particular. The hinge-blocks can be cheaply produced in plate with a 

reduction in hinge-pin length. Because traditional techniques favour 

investment castings for parts such as these, the fabricated alternatives 

have been only briefly examined. At this stage of the development, the 

author chose to follow convention, and where possible to leave the manu-

facturing technique open, so as not to restrict the interest of any firm. 

,I
Patents have been taken out on the grip and attachment and the 

prinCiples and workings of the prototypes have been well defined. If the. 

equipment is to be developed further, extensive field trials will be 

necessary. wi th the involvement of a manufacturer. 

Finally. I express gratitude to my co-inventors S. Pugh and 

D.G. Smith end also to I:.C. Chaddock and H. Graneek who have in turn 

directed this research. 



9.0 CONCLUSIONS AND FUTURE DEVELOH!ENTS (Cont.) 

It is appropriat.e in a work of this kind to comment on how the 

methods used'affected the outcome, and to present these additional 

conclusions to highlight the steps 1>'hich might have been approached 

differently. The comments are separated into those which arise from the 

medical aspect and those which result from the design strategy used. 

Dealing with the medical facet of the work, the main comments 

concern the way in which data is presented and certain omissions which were 

made. For instance the thesis assumes a basic knoliledge of bone and tissue. 

In the case of the femur, for example, the assumption is made that the 

reader is alTare that it is the compact bone which m8.inly supports the load, 

and the mechanical properties of the bone are not consistent across the 

section. The stated properties of compact bone are intended to do no more 

than provide the reader with an appreciatio,: of compact bone as a material. 

In fact, living compact bone responds to load in a complex manner, and in 

this connection more information "hich resulted from tests on animal bones 

could have been presented. HmTever, this work does not attempt to describe 

the various responses to load of complete bones, since to do this prolonged 

research would be necessary to substantiate any assertion. Additionally, as 

a further example, when considering the forces produced by the muscles it 

is assumed that the reader appreciates that a number of muscles are involved 

and the effect of each will vary as the fragments are aligned. Had these 

pOints been emphasized in the thesis then the purpose of many of the si tua

tional tests and simulations used later would have been more apparent. 

The second point 'Thich should be discussed, concerns the interpre

tation of data provided by medical authorities. The published data is not 

in a form 'lhich can be directly applied as a basis for design. For example, 

the properties of the complete bones, are not readily predictable from the 



published information, and further, muscle strengths vary in individuals; 

a small ~loman for instance may have stronger muscles, per unit cross

sectional area, than a :i.arge man. Added to this people vary in size, age 

and condition and the bone and muscle properties vary correspcndingly. 

Also the relaxing effect of the anaesthetic influences the force produced 

by an extended muscle or group of.muscles •. Within this second point, and 

in addition to the published data, the author had to consider information 

provided by surgeons and often the medical opinions differed. Generally 

it was possible to obtain a consensus, but there ~1ere instances when this 

was not possible. For example, tlroe'l.ually notable authorities 'l.uoted 

values of the maximum longitudinal muscle force as far apart as 30 Ibf 

and 200 Ibf. In this situation one had to resort to theatre observations 

and tests on the model leg. Also, because of the muscle arrangement and 

the varied resulting forces, in the vertical plane, similar tests, though 

less quantitative, had to be arranged to set the model leg to produce 

typical secondary forces. The forces were only loosely defined for the 

initial stages of desigr, development, conse'l.uently the specification is 

not ade'l.uate1y 'l.uantified and the thesis is left with unstated values 

against important items of the speCification. 

Having mentioned some of the problems which arose because the 

work concerned a medical topic and in an engineering sense the materials 

are unusual, there is good reason to look at the design procedures used, 

and in particular two instances when the method was not the most 

appropriate. 

Firstly, during the analysis of the problem more attention should 

have been paid to those operations where the f ragments ~lere easily 

aligned, rather than having been mainly concerned with the difficult cases. 

Also, more use could have been made of progressively applied 'l.uestion

naires instead of trying to collect all the ,problem specification data 



quickly. Assumptions made at this stage led to the development of the 

comprehensive devices which were to be suitable for all possible manipula

tions of all fragments, and the desire to produce all the movements from a 

single control resulted in considerable time being spent on the design of 

complicated mechanisms such as the six-link device. The fact that many 

fractures are easily manipulated was overlooked and the significance of 

the error l~S not realized until the situation was reviewed, afterwhich 

there l~S the reversion to the modular concept of hand-held grips and 

attachment. 

Secondly, as already mentioned, the specifications should have 

been quantified, preferably with acceptable limits on all pOints, and 

also the approach of separating the data from the specifications is not 

a good one. The reason for setting out the specifications as they are 

is each point required some discussion which was written separately. The 

disadvantage of this is that the reader must frequently refer to the 

text to establish the actual requirements. 

In addition to the points discussed above there are two further 

comments which should be made. 

Throughout the work the author found it was necessary to refer 

to surgeons and to obtain their opinions before and after tests and use. 

In fact considerable time l~S spent in waiting for the theatre, hospital 

staff and hospital facilities to become available, which extended the 

project time. 

Finally from a thesis presentation viewpoint, it would have been 

more suitable to set the work out in' greater detail in regard to how the 

designs were developed and the decisions made, rather than simply reporting 

the significant events of the work. 
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APPENDIX I 

ANALYSIS! BASED ON THE HEXAGOHAL MODEL AS SHOWN IN 

FIGURE 24(b)! TO DETERmNE CHANGES OF LINK LmlQTIill, 

NECESSARY TO PRODUCE THE REQUIRED IIOTIONS, AND THE 

CORRESP01IDING GEAR-BOX ARRAUGEl·IBNTS, 
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1.0 ,ANALYSIS..J2.ASED ON THE HEXAGONAL HODEL AS SH01'TN III FIGURE 24{b),TO 

DETERlIINE CHANGES OF LINK LENGTHS NECESSARY TO PRODUCl'r THE REQUIRED 

J.lOTIONS, AND THE CORRESPOlmING GEAR-BOX ARRANGEl~EHTS. 

In order to establish the feasibility of a mechanism based on 

Figure 24(b),i t was necessary to perform an analysis to determine hoVT the 

link lengths would vary to produce each mO,tion (i.e. movement of the 

fragments). With this. done, and having made certain approximations, 

Table 11 was completed, and the gear boxes, necessary to vary the link 

lengths accordingly, were then drawn. It remained to incorporate the 

gear boxes and screwed links into a design and this is shown in 

Figure 29. 
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1.1 The Analysis to Determine the Changes of Link Lengths. 

, Figure 69 shOlrs diagramEltically how the link length changes are 

determined from the changed positions of· t~e hinges which result from a 

TX~ movement of the fragment (by moving the fragments as required, the 

changes in link lengths can be obtained from the grid diagram). 

In Figure 70, the hinges A, B, C, D, E, and F are drawn.in their 

correct positions (see Figure 29) and the fragments moved to produce the R"Z'L 

motion. The nev hinge positions are drawn in and the changes measured from the 

diagram. To do this the distances A to D, B to E, and e to F are known 

• I D' 'E' , I and the extended dl.stances, A to ., B to , and C to F , which r esul t 

from the specified fragment displacement, can be measured. It is·known 

that link 'a' runs from A to D, link 'd' runs. from D to B, link 'b' runs 

from B to E, link 'e' IUns from E to e, link 'c' runs from· C to F and 

link 'f' runs from F to A. By drawing the grid in that order, with the 

links connecting the measured distances between the capitals, so the grid 

closes; then the link lengths can be obtaine-i from the grid. The link 

lengths to produce the specified RzZ motion are summarised in the Table 

within Figure 70. This analYsis togehter with that for the other move-

ments showed that true motions were going to be extremely difficult to 

achieve. However the method of analysis was generally applicable, and it 

was decided.to use this to determine the link lengths which would produce 

.acceptable approximated movements of the fragments. 



- 157 -

Extended Distance -
" 

Xh Original Distance 

D D 
0, 

, ( 

I I( 
FE FE se 

, 

IH 
I 

'Yz 

It- t. 
) 

\. -6, 
BC' 

} !ovement of hinges for 
the given T 'Cl' 

t BONE 

Originlll Length of Links 

a 
'0 , d 

, D 

b 
b 
e E' 

F 'DI 
o C 

.{ , 

Extended length of Links 

~represents the distance that 
each hinge must move al ong 
the links. 

A 

0' 
B B-

C 

Grid diagram showing the 
corresponding link extensions ' 
in this case all links extend 
by the same amount. 

Figure 69. ~!ethod of relating link extension by drawing to 
scale 'for a specified movement of the fragments -
in this case Txx where each fragment moves out
wards" 



·0 

,.. 
/.cp. 

.- .. _------+,-
_0~ ~'0..~ 

.' ;: .. ' E. 

~ i' r-'A r 
--_\"\"\ -' _-;If---7-- -~---_t----_;_--

\, .1/ 
\\·l 
"~ .. . :3-·--~!t -~ . . ~'-. ---I'--~-' 

'·(,5 

,.'5 
'·(,5 

,,~S 

. LI~IK 

11. 

d 
b 

e 
c 

f 

G)(T~N510t./. 

5-0 

4·15 

3·3 
3·3 
3·3 
4·15 

b'igure· 70.. The initial ailalyais for all ideal Rll. movement of 
the fragments. . 

a 

" 

'--d 
,Pc' 

"2·5 
j , 

1-6.5 1-'" 
l'b}/!Z~ 1 7-<> 

1 , .. F) 
I 

1·65 I 
J 1 C 

','5 l.bS I 
.1 

2'5 

I-' 
U1 
OJ 



- 159 -

The means by lmich the movements can be achieved are shown 

in Figures 71, 72, 73, 74, and 75. 

Figure 71. shows the 're(].uirements to produce a true T x)<movement of' 

the fragments!, Figure 72 shOlrs the re(].uirements to produce an approximate 

Tyy movement of the fragments. The approximation occurs' because the motion 

is achieved by causing the arms which connect the manipulator to the 

fragments to rotate in the same direction, when viel-Ted from the front, 

about the hinees B and C on one side, and F andE on the other!> Figure 73 

shows the requirements to produce an approximate T2~movement of the 

fragments. The approximation occuring because the motion is achieved by 

causing the arms which connect the manipulator to the fragments to rotate 

* in the same direction about hinges A and,D when viewed from above. Figure 74 

shows the requirements to produce an approximate R Y'f. In this case the 

approximate movement results from causing the arms which connect the 

manipulator to the attachment to rotate about the hinges A and D in opposite 

directions when viewed from above!" Figure 75 shcws the requirements to 

produce a.'l approximate R Z:z.. The approximation results from' causing the 

arms which connect the manipulator to the fragments to rotate L'l opposite 

directions about tbe hinges B and C on one side and F and E on the other 

when viewed from the front! (This is different to the arrangement shown 

in Figure 69 and would necessitate T~~ corrections.) 

*Note: The movements in 'each case 'result from changes in link length. 
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, I. II Details of the Proposed Design and the Gearing Necessary to 
. 

Produce the Fragment Moyements. 

The hexagonal model sho~m in Figure 24(b) was to be considered as 

the basis of the mechanism. The horizontal links were to be threaded and 

contained in nuts so that the length of each could be extended, or 

decreased, by turning the link. ,The attachment to the member containing 

the grip was to be at pOints A, B and C on one side, and C, D and E on 

the other. 

Knowing the changes in link length necessary to produce each motion, 

the next stage was to design gears which could provide inputs to the 

screwed links so varying the 'relative lengths in accordance with the 

requirements already established. . . 

The six horizontal links were to be contained within a tube along 

with the gearing, so that each link could be driven at the ratio to meet 

the selected movempnt requirements. The movement ratios, established in 

the foregOing analysis, are summarieed in Table 11. 

The gearing was arranged so that the gears fitted over each link, 

and were driven by central gears mounted on a single shaft which passed 

through the middle of the manipulator. The motion required was to be 

selected by moving the central sr~ft longitudinally within, to bring 

appropriate trains of gears into mesh. The mechanism could then be 

driven by turning a handle mounted on the central shaft. The resulting 

gear boxes necessary for the motions T XX' T'lYand R~z. are sho~m in the 
Figures 76, 77, and 78. ' 

The final form of the mechanism as far as this work is concerned 

is shown in Figure 29. 
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APPENDIX II 

AN ANALYSIS TO DETEmmlE T!lE CORRECTIVE MOVE1·:EN1'S 

NECESSARY TO ALIGN THE FRAGH~NTS mUCH ARE ROTATED 

ABOUT HINGES PLACED IN VARIOUS POSITIONS, AND TO 

DETERHINE AN IDEAL HINGE POSITION FOR THE ANGULATION, 
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n.o AN ANALYSIS TO DETERJ.ITNE THE CORfu,CTIVE J.!OVEJ.:ENTS NECESSARY TO 

ALIGN THE FRAGHENTS liliICH ARE ROTATED ABOUT HINGES PLACED IN 

VARIOUS POSITIONS, AND TO DETERNIllE AN IDEAL HINGE POSITION FOR 

THE ANGULATION. 

Since the rotation R1:l!. is important when using the 'angulated 

fragment technique' (See Chapter 2), and because the possibility of. 

using hinges was being explored, it was necessary to determine the 

effect of the hinge pOSitions on the rotation of the fragments. The 

purpose of this analysis was to determine the corrective movements 

necessary when the fragments are angled about hinges placed in 

different position~and from. this to establish the ideal hinge 

positions for the angulation. 
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II.L Details of the Analysis Undertaken. 

Figure 79 sho\'ls the ideal angulation and assumes that one fragment 

is short,making the included angle 1000
• The angulation RZ'Z. notionally 

occurs about a point on the bone centre,-line. In practice the fragment 

is angulated about the bottom point of the fragments. Both instances 

are shown in Figure 79. Figures 80, 81, 82, 83, and 84 sho~1 the T~)O' 

correction necessary to correct for the overlap of the fragments. 

Figure 80 sho.'ls the notional hinges positioned on the bone centre-line. 

Figure 81 ShOl'lS the notional hinges positioned on the top surface of the 

bone. Figure 82 shows in the first drawing, the notional hinges 

positioned above the bone and in the second, the notional hinges are 

placed on the top edge of the bone. Figure 83 shows, in the first d:r:a'!"ing 

the notional hinges positioned on the bone centre-line but 2 inches from 

the fracture face and in the second, the notional hinges are positioned 

between the centre-line and the·top edge. Figure 84 shows in the first 

. drawing', the notional hinges positioned bebeen the bone centre-line· 

and top edge and. 2.5 inches from the fracture face. In the second 

drawing the notional hinge~ are placed between the bone centre-line and 

the top edge, at varied distances from the fracture face, to show the 

effect of fragments with uneven lengths. 
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Figure 81. Fragments angled about points on the top edge of the bone. 
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Position 1: R.H. fragment centre of rotation 0.4 in from 
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Position 2: R.H. fragme~t centre of rotation 0.4 in from 
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Position 3: R.H. Fragment· centre of rotation 0.4 in from 
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Figure 84. Fragments angled about a point posi tioned between the bone centre-line 
and 'the top edge, and the effect of uneven fragment lengths. 
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II. II The optimum Hinge Position, 

. Fr.om this analysis it was apparent that the hinges positioned 

between the bone centre-line and the top edge of the bone at between 

1.8 and 2.5 inches from the fracture face would involve only a small· 

T~ translation correction.· These positions were favoured not only 

because of the small corrective movements but also because it was 

considered desirable to keep the region of the fragments close to the 

fracture free from obstructions,and to place the hinges as high as 

possible. 
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III.O CALCULATIONS. 

III.I For Grip_ 

Bending Stress on 3/4 in OlD tube (16G) without attachment 

Maximum B.N. = 1800 lbf in. 

c 
O's = M-p- G rip_--""I 

where M = ~!aximum Bending moment (lbf in) 

~ = Distance from neutral axis (in). 

I = Second moment of area about neutral 

axis (in4) 
~--
2.oo'b~ 

0-& = N.9 '" 
I 

1800 x .375 x 64 
( .754- .6221' 

.'2. 
82 476 lbf in 

i.e. 36.8 tonf in-~ 

Direct Stress on tube' 

:300 x 4 
_2-= 2175 lbf in 

, ;,;, .::.---

i t f - _2. .e. 0.97 on ~ 

Where: . cs-B = B ending Stress 

COo = Direct Stress 

The 300 lbf direct load results from t~e force which acts on the 

three points, and is transmitted by means of the central threaded bar, 

causing the tube to be loaded in tension. 

~ the maximum bending stress is high, but in practice for the maximum 

load, and without the attachment, the grip will, for manual control, be 

supported near to the fragment. 
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Considerations on the Hooks. . 

I - ... 
I 

0-' ;"" 
'So 'bP 

= I~g 
I 

Where Q":" B = Bending stress 

= 15 x .032 x 12 
:3 

.4 x .064 

= 54 931.64 lbf in 

le. 
_2-

24.52 tonf in 

_2 

Bending stress on Point Supports, 

Assuming that the force per point is 100 1bf 

Maximum Bending 110ment = 30 lbf in.Across 

section resisting bending is approximately 

0.2 x 0.25 in. 

= 

= 

10 

30 x .12}..x 12 
.2 x .2 

14 400 lbf in _.2 

ie 6.43 tonf in-2.. 

Appendix C of B.S. 3531 1962. quotes the yield stress of En 58J bS 

-1 -2 50 tonf in in the cold worked form and 16 tonf in in the softened 

form. The hooks will be cold worked. 
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Buckling of the long threaded bar which passes down the centre 

of the tube. 

(The threaded bar is 11 inches long with a minimum diameter of 

0.1887 inches at the 1/4 U.N.C: thread.) 

Slenderness Ratio (SR) = t 
where e = distance between ~upports (in) 

j( = least radius of gyration (in) 

for 1/4 U.N.C. R = 0.09435 in 

and k = R/2 = 0.047175in 

When the thread is fully extended t =- 11 in 

.5~ = 11 :. 233 ' ,Therefore Use Euler. 
0.047175 

Aeeumine Imperfectly Fixed Ends 

p = 

where P = Buokling Load (lbf) 

E = young's Modulus of Elasticity (lbf j,h-1.) 

I = Seoond Moment of 'Area (in4) 

e = Length between supports (in) 

For imperfect fixing use 0.6 e. 
P = .,..2 X 30 x lOb x 7\ x .1887

4 

6.6'2 x 64 

= 423 Ibf 

The maximum load on the bar is 300 Ibf, and it is possible to over

tighten, in all tests the points have fully penetrated the bone without 

approaohing the maxinrum force. However, the 11.0 in lo.ag threaded bar l~as 

for the longest grip produced,and for the produotion models the tube is 

intended to be 11.0 in long overall with the threaded bar 10 in long, this 

increases the buckling load to 512 Ibf. 

Note the tests have been conducted on prototypes with 1/4,B.S.F. threads 
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Effort to Secure Grip to the Fragment 

Assuming that the force to turn the. screw is applied at the mean 

diameter, let this force be F, then 

F = W 
Cos"B 

tan (-e+ .p) 

where } = half the apex angle 

~ = angle cl' equivalent helix 
)" t-I 
't' '" an /U 
W = axial load on thread· (lbf) 

for 1/4 U.N.C. 

fi 
pitch '" 0.05 

mean dia. = 0.1923 in 

let ,/-l = 0.2 

axial load = 300 lbf 

then: F = 300 
Cos 30 

= 99.5 lbf 

tan (4.73+ 11.31) 

Since F is applied at the mean diameter, and taking moments about the 

centre of the thread 

99.5 x .096 = ~ x 1.5 

:>c:. = 6.4 lbf 

wl).ere.oX is the force to be applied at the end of a 1.5 in long lever 

or its e~uivalent. 

NotejU was chosen as 0.2 for steel on steel. This value can be as high 

as 0.8 for static friction, but the humid conditions could lubricate the 

locks. The same value is used for the thread. calculations where the 

pressure is much less and sliding friction is the main consideration. 
/~ 

(See Machinery's Handbook 19th Edition and Mechanical World Year Bock 
14. . 

for 1953.) 
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Direct Stresc acting ~n Wire Straps. 

Assuming 100 lbf/point giving a total load of 300 lbf and a strap 

tension of 150 lbf. The straps are formed from 14G wire. 

_2 
= 14 920.8 lbf in er 1;) :.. 4 x 150 

2 x A x .082. i.e. 6.66.tonf in-~ 

where CiD= Direct Stress 

Effort required to turn the grip to produce a TZZor Ryy movement of the 

Fragment. 

The maximum turning moment is 300 lbf in and this will occur as· 

shown on page 185. 

The thrust-pad support wire provides a handle 3.0 inches long, then 

equating the moments. 

Effort (lbf) x 3.0 in = 300 lbf in. 

Therefore, maximum effort =. 100 lbf *. 

Bending str~ss on thrust-pad holding wire. 

. 4 
100= 0.0049940 in 

VB = ~ 
10" 

= 

. where tiB = 

300 x 0.5125 = 
0.0049940 

Bending stress 

2. 
loe = 2 (IZz.+-A\)) 

where: 

loo = second moment of area of the w.ires 

about 00 (in4 Y 
17..7.. = second moment of area of wire about 

diameter ZZ (in4) 

A = Area of wire cross-section (il ) 

h = distance between axes 00 and zz. (in) 

z -~ 
30787 lbf in- i.e. 13.74 ton! in 

.. In view of the safety factor on the 200 lbf force, the effort is not 

considered excessive. 
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Considerations on the strap Length. 

Q 
2. 

T.he lengths quoted are inside lengths. 

Let: Minimum. strap Length", t C ... D + 1.0 in 

for. smallest femur, Dia. ",,0.75 in 

Minimum Strap Length", AD + 1.75 in. 
·2 

= .757\ + 1.75 in. 
2 

= 2.93 in 

say 3.0 in 

for Largest femur} Dia. '" 1.75 in 

. Minimum Strap Length '" 1.7515+ 1.75 ... 1.0 in 
2 

'" 5.499 in 

say 5.5 in 

* Assuming the largest strap made is 5.6 in long, using the large strap for 

the smallest femur would give 5.6 - 3.0 in, i.e. 1.3 in adjustment. 
2 

Since most femurs are considered to be below 1.3 in. diameter, minimum 

strap length for 1.3 in. diameter '" 7\1.3 + 2.3 in 
2 

= 4.34 in 

say 4.5 in 

* Assuming a strap is made 4.6 in. long and used for the smallest femur 

this would give 4.6 - 3.0 in. i.e • . 0.8 in. adjustment. 
2 

* To allow the strap to be Clipped over the hook, 0.1 in. is added to the 
lengths. 
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III.II For Grlps with Attachment Fitted. 

,Bend~g Stress on 3/4 in .0/D Tube' 16G with attachment fitted. 

(See also stability of longitudinal thread - Condi Hon 1.) 

Maximum B.M. = 800 1bf in 

O"a = ~19 = 
I 

800 x .375 x 64 
(.754 _ .6224 ) 

= 

r . -
____ ~~--~~~So~~ 

'200lb~ 

-2 
36 656 1bf in . 

-2 
i.e. 16.4 tonf in 

where (}"' B = Bending Stress 
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Equilibrium of Grip to Attachment Lock. 

','itor a 1.75 in dia. Femur: 

/-5 ;1] 

c==±~~~=~-~.-~ .. c::_ .. =: .... ==_ .. -:-. ~-::: .... -= .... ~. Q 200 Ib ~ 

-~:d-------

. --~ 
G~IP 

Se> \O~'2""'_--

The Normal maximum moment·at.the grip will occur when the fragmer.ts are 

positicned as shown. (Assuming that the '!mee" and 'hip' stay in the same 

line.) The '!mee t fragment has been moved back ro as to stretch the 

. muscles and produce the maximum force. 

Maximum Moment = 200 x 1.5 

= 300 lbf in 

The.lock will have to resist a T.M. of 300 lbf in ,for equilibrium: 

p p % = 300 
, £, Ple"TO 8p 300x t ATTACHMEIIT p = 
Loc.K. 

P - 400 lbf 
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Equilibrium of Grin to Attachment Lock i.e. Lock 1 Cont. 

9/32 in d,n B,S,t:: 

Eis the clamping Force ' and N is the Normal Reaction,(lbf). 

Assume ~ to be 0.2 

Let F the friction force, be force P from page 185. 

400 = 0.2 N 

N = 400 
0.2 

= 

Ta~ng moments ab out 

E x 1 1/4 = 

E = 

E -. 

2 000 lbf 

hinge 

N x 5/8 

!!. 
n 

" 
2 000 = 1 000 lbf 

2 
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Effort to Secure Lock 1 (Cont.) 

Assuming that the force to turn the screw is to be applied at 

the mean diameter, let this force be F, then:, 

=Wi 
cosl 

half the thread angle (apex) 

Id- = angle of equivalent inclined plane 

~ = tan-ju 

W = axial load on thread (iOOO, lbf) 

for 9/32 in. dia. B.S.F. 

ft = 27.5
0 

pitch = 0.0385 in. 

mean dia. = 0.2566 in 

F, = 1000 tan (2.7:;0 + ll.310) 
Cos 27.5 

= 2821bf 

Assuming the operating lever is 2 in( long and t!king moments 

about the centre of the thread, then: 

282 x .1283 = x. x 2 

.'. JC. = l8.l1bf 

Where .:::c. = force to be applied at the end of a 2 in, long lever. 
or equivalent. 
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The Equilibrium of Lock 2 - The Hinge. 

NU~i ______________ .~ 

(0,132,.., dId g.S.F.) hJ4.!..---__.. 

E 
3/ . 
78 ." :. ,..---

~'''~ 

where: N is the Normal Reaction (lbf) and 

E is the force produced by the locking screw. (lbf) 

From figure above 

Taking moments about Point .t.. 

3/4 E = 3/8 N 

N = 2 E 

From figure below 

Maximum turning moment = 800 Ibf in 

Where F is Friction Force (lbf) 

.C 
-q-

I 

Cl 
& 
I!i 
~ • 

~. '-o!\ 

Fxd = 

F = 

Assuming 

F = 

N = 

but E = 

E = 

800 (to hold ) 

800 = 1067 Ibf 
0.75 

).( to be 0.2 , 

;<N 

1067 
0.2 

11 = 
2 

2667 

= 

2lli.. 
2 

Ibf 

5335. Ibf 
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Effort to Secure Lock 2, 

Assuming that the force to turn the screw is to be applied at 

the mean diameter, let this force be F~ then: 

F z. ., .".W-,:;
Cos;B 

tan (G + ~) 

details as for Lock 1, except that 

w., 

FZ ., 

.. 2667 Ibf 

~667 tan (2.730 +11.310
) 

Cos 27S 

FZ ., 752 lbf 

Taking moments about the centre of the thread and assuming the 

operating lever to be 3 in long 

752'- x .1283 = X x 3 

.'. ::c. = 32.161bf 

Where :x:. = force to be applied at the end of a 3 in long 
lever or equi'V:!lent. (This force is considered high 
but in view of ~he fact that the ZOO lbf is a high 
estimate the above value is not interable.) .. 
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The stress Acting on 9/32 in. Dia. B.S.F. Threads. 
(used to secure Lock 1 and Lock 2) 

Lock 1 

Minimum diameter = 0.2320 in. 

Maximum load 

00 = 

= 

i.e. 

Lock 2 

Minimum diameter 

Maximum load 

0"0 = 

= 

= 1000 Ibf 

IOOO x 4 1-
7\ x 0.2320 

23 656 lbf in _'1 

_2 
10.56 ton! in. 

= 0.2320:in. 

= -2667 lbf 

.2667.· x 4 ::I. 

iIi x 0.2320 

63 096 lbf in _'2 
• • _ 2-

i.e. 28.16 tonf in 

Note: 

The hinge securing bolt will be manufactured from cold worked bar. 
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stability of the LonGitudinal Thread. 

Condition 1 - with balancing force which counteracts the 

bending of the thread. 

~t:t> . 
• 5 I'" Mll-J. 

P is the balancing force (lbf) ,i., MA)C. , 

\'/hen P is applied 5 in. above thread 

200 Ji: 4 = 5 P (taking moments about thread <t ) 
P = 160 lbf 

When P is applied 7 in. above thread t 
200 x 2 = 7 P 

P 57.1 lbf 

If the force P is applied to 'just separate the fra&ments,. then 

the bending moment on the thread will be reduced to zero. 

The direct stress on the thread will be increased, due to the 

combined maximum load of 360 lbf. 

Direct stress, ~ 
(for 3/8 in. B.S.FJ 

= 360 x 4 
i\ x .311" 

-~ = 4739 lbf in 
_2-

i.e. 2.116 tonf in 
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Stability of the LonGitudinal Thread. 

Condition 2 - with the thread loaded in bending. 

61?IP 

-- \3 . 
/'" 

s r-- A 

·f 
N 

. <P 
et> '2. 00' b~ 

Core Diameter for 3/8 in B.S.F. = 0.311 in. 

Direct stress on thread = 200 x 4 = 
1\ x .. 3112-

i.e. 

.2-
2633 Ibf in 

_2-
1.175 tcnf in 

Bending Stress at A = MB = 400 x .15 x 64 
i\ x .311 at 

_7. 
= 130659 Ibf in" 

I 

" , 
Core Diameterfor¥2 in. B.S.F. = 0.42 in 

Direct Stress on thread = 200 x 4 
7\ X .42'2. 

= 

i.e. 

Bending Stress at A = M~ = 
I 

400 x .21 x 64 
7i. x .42 4 

At B the Bending Stresses will be Doubled. 

i,e. 58.33 tonf in-~ 

_z, 
1443.6 1bf in. 

_2 
0,644 tonf in. 

= 54 993.6 1bf in 
_z 

i.e. 
-2 

24.55 tont in 

The bending stress for condition 2 is high, but it is inteuded to 

use the device mainly as shown in condition 1. The ~evice may 

however be used as shown in condition 2 and since the 200 1bf -
.~ .. 

force is considered "to be high, the stresses are not sufficiently 

detrimental to prevent the recommendation of the 3/8 in BSF thread. 
(Continued) 
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The, ,thread will be manufactured from a:t allo;v in a high-strength 

condition, such as cold worked wrought cobalt-chromium alloy which 
10 

according to Appendix'A of B.S. 35311968, has a yeild stress of 

70 tonf in-2.. Though it is the author's opinion that a 3/8 in BSF 

thread made from cold ~Torked EN 58J will be suffiCiently strong. 

stops or collars fitted to the grips as described in 8.1 and as 

shown in Figures 60 and 61 can provide a setting datum. If when 

the attachment is fitted, it is positioned to the stops, then the 

bending will not be excessive. For a even the largest fragment, the 

thread will be less than 4 inches above the bone centre~line. Since 

a 1.75 in diameter fragment is considered to be rare, and also because 

the 200 lbf is an absolute maximum which ~ovide3 a safety factot, 

the author chooses to select the more slender and economical 3/8 BSF 

thread in cold worked EN 58J. And this view was reinforced after 

reconsidering the thread of the Lowman clamp distraction apparatus 

as discussed on Page 40. 

" 
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Effcrt to Turn Lon~itudina1 Thread. 

Assume maximum load on thread to be 360 Ibf and that a 3/8 in 

dia. B.S.F. thread is used. 

for 3/8 in dia. B.S.F. 

Thread apex angle = 550 

pitch = 0,05 in 

mean dia. = 0.3430 in 

Let the force to turn the thread be applied at the mean diameter 

and be F~. 

F~ = 660 0 
os 2:7.5 

( 
0 ' tan 2.66 +11.319 

= 101 lbf 

Taking moments about the centre of the thread 

101 x .1715 = x. x.2. 

x = 8.66 lbf in 

where JC is the force to be applied at the end of a lever 2 in long. 

General note. 

The calculations have been based on force and coefficient of 

friction values which were conse'V'dtIV9. The author has used the· 

calculations as a guide but where possible, practical tests have been 

arranged to confirm the performance of .the designs and prototype details. 
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IV.O WEIGHTS AND ESTIJ.!ATED 1·1ANUFACTURE COSTS 

IV.l Actual '{eights from Prototypes. 

Grip: 

Tube lol~ long 

Claw 

Threaded~ in dia. bar 

Nut 

Thrust Plate 

Thrust Plate Wire as Figure 53 

Long Strap 5.55 in inside, as Figure 50 

Tommy-£ar 

Attachment; 

Hinge Block 2 off at 0.25 Ib each 

Keep Plate 2 off at 0.05 Ib eaoh 

Threaded Bar 3/8 in B.S.F. 
Hinga Pins 2 off at 0.26 Ib each 

Total 

Nuts for G to A- lock 2 off at 0.05 Ib each 

Nuts for hinge lock 2 off at 0.05 Ib eaoh 

Screws 4 off to be replaced by 9/32 in B.S.F. 

Handle for 3/8 in B.S.F ;rhreaded Bar 

Total Weight: 

2 Grips at 1.02 Ib eaoh 

1 attachment at 1.71 Ib 

Total 

. '". 

Studs. 

Weight (lb) 

0.42 

0.14 

0.14 

0.20 

0.02 

0.02 

0.02 

0.06 

1.02 Ib 

0.5 

0.1 

0.21 

0.52 

0.1 

0.1 

0.06 

0.12 

1.71 Ib 

2.04 

1.71 

3.75 Ib 
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IV.Il Estimate of ~!anufacture Costs, 1976. 

Grip as Figure 48 with suggested modifications: 

Material (Fabric~ted Construction) 
3 ' 

Tube 7'4 in old x 16 G, 12 in long EN58.r 

¥4 in dia. Bar 12 in long EN 58J 

~:in di.a.bar for handle-boss ll~in long EN58J 

~ in dia. bar for tommy- bar 2 in long EN58J 

5/16 in thick plate for Thrust Plate EN58~ 

1/8 in Dia. wire for Thrust Plate EN58J 

34 in dia. Bar for Claw Body ~ in long EN58J 

lAin thick plate for Claws EN58J 

0.1 in dia. wire for points IDI56B(R) 

14G wire for straps EN58J 

Total 

Material (Using Investment'Cast Claw complete) 

As ab ove less £0.35 

Investment Cast Claw Body, as Figure 52 

Material (Using Fabricated Claw) 

From above 
Welded Claw Assembled 

Totail. 

!i!otal 

£ 

1.50 

0.30 

0.20 

0.05 

0.05 

0.05 

0.30 

0.05 

0.05 

0.05 

£2.60 

2.25 

3.50 

£5.75 

2.60 
0.75 
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Grip: 

Labour (Fabricated Construction) 

Cut Tube to Length 

Cold Form Flats 

Cut Hooks 

Shape Hooks 

Mill Slots 

Cut Tommy-Bar and Radius Ends 

Turn Irandle "Boss 
Drill Handle-Boss for Tommy_Bar 

Cut Claw Body to Length and Turn 

Mill Flats on Claw Body 

stamp Out Thrust Plate 

Bend and Position Thrust Plate'Wire 

Stamp out Claws 

Shape Claws (to Claw Body) 

Tap Claw Body ?4 in dia. UNC 
Drill and Tap Claws for Points 

Cut14 in dia. Bar to Langth and Thread 14 in dia. 

Secure ¥4 in dia. Bar to Handle-Boss (Rivet) 

Secure,Tommy-Bar to Handle-Boss (Silver Solder) 

Cut points to Lellgth and Machine 

Heat'Treatment to Points 

Secure Points in Place (Silver Solder at Top) 

cUt Straps, Join by l'1elding, Forge 

Polishing 

Assembly 

Total 

Labour (Using Investment Cast Claw Complete) 

As Above, less £0.8 

£ 

0.05 

0.30 

0.20 

0.20 

0.25 

0.05 

0.20 

0.05 

0.20 

0.30 

0.10 

0.30 

0.20 

,0.10 

0.20 

0.45 

UNC 0.20 

0.10 

0.10 

0.40 

0.30 

0.10 

0.30 

0.50 

0.30 

.£5.45 

£4.65 



.'. 
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Grip: 

Summary of Manufacture Cost 

(a) Fabricated 

Material 

Labour 

Overheads 300% on Labour 

(b) With Investment Cast Claw 

Material 

Labour 

Overheads 300% on labour 

Total· 

Total 

£. 

3.35 
5.45 

16.35 

£. 25.15 

£. 

5.75 
4.65 

13.95 

£,24.35 



- 199 -

Attachment: (As Figure 54 with r1odif~cations to Nuts) 

Material EN58J genero.\l.9" 
'3/8 in dia. Bar, 6 in long - 2 off 

5/8 in dia. Bar, x % in. long' for Central Boss 

If.t in. Dia. Bar x 4.0 in long for Tommy-Bar 

1'4in dia. Bar x 4.0 in long for two Hinge-Pins 

Investment Cast Hinge Blocks - 2 off 

9/32 in dia. B.S.F. Studs ~ x 3/8 in long '- 4 off 

1/8 in thick plate for Clamping Plate ,- 2 off 

3/8 in dia. bar x 4.0 in long for 4-9/32 in dia. B.S.F. 
Nuts 

¥4in. dia. Ba:!:' x 6.0 in long for two Tommy-l3ars 

Total 

£ 

0.50 

0.10 

0.10 

0.50 

8.00 

0.25 

0.10 

0.15 

0.15 

£9.85 
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Attachment: 

Labour ,£ 

Machine 3/8 in dia. B.S.F. Right Hand Thread 0.20 

Machine 3/8 in Dia. B.S.F. Left Hand Thread 0.20 

Machine Central Boss and Drill 0.15 

Tap each end of Central Boss 3/8 in dia. B.S.F. Left Hand 
or Right Hand 0.3 

Fit Threaded Bars to Central Boss and Cut to Length 0.1 

Drill Central Boss for Tommy_Bar 0.1 

Cut Tommy-Bar to Length and Radius Ends 0.05 

Position TommY_Bar, Silver Solder Tommy-3ar and Left Hand 
and Right Hand Threads in Place 0.1 

Machine Hinge-Pins 34 in dia. and cut to length 0.2 

Mill Grooves in Hinge-Pins 0.4 

Drill Hinge-Pins 

Tap 1 Hinge-pin 3/8 in dia. B.S.F. Left Hand 

Tap 1 Hinge...Pin 3/8 in dia. B.S.F. Right Hand 

Drill and Tap Hinge Blocks 9/32 in dia. B.S.F. 
Fit 9/32 in Dia. B.S.F. Studs 

Seal Studs in place (Silver SOlder) 

Machine Nuts to Length and Drill 

Tap Nuts 9/32 in dia. B.S.F. (Machine Tap) 

Drill Nuts for Tommy_Bars - six * dia. Holes 

Cut Four Tommy-l3ars to length and Radius Ends 

Stamp out clamping plates 

Polish 
Assembly 

Total 

0.2 

0.15 

0.15 

0.6 
0.1 

0.05 

0.1 

0.3 

0.2 

0.2 
0.1 
1.0 
0.4 

£5.35 
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Summary of Manu1'acture Cost 

Material 

Labour 
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OVerheads 300% on Labour 

Basis of Estimate of Manufacture Costs, 

Total 

Material Quotations, 1976, in EN 583 

1 Tube 3/4Wnx16G £1.50 p~r foot. 

2 Plate 1 in. thick £o.64/1b, 

1/8 in thick £O.75/1b. 

Bar 3/8 to 3/4 in dia. £l.OO/lb. 

Labour and Bought-out items Quotations,1976. 

1 ~elding - Claw assembly £8.00 ,er dozen. 

£ 

9.85 

5.35 
16.05 

£31.25 

2 Intricate Investment Castings £2.00 to £10.00 each according to 

quantity. 

Machining (including overheads) - Light £6,00 to £7.00/hr. 

Heavy £8,00 to £12,OO/hr. 
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