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1. Introduction 
 
In the correction of complex multi-component and multiplanar deformities 

(http://www.ortho-suv.org/images/stories/deform_class2.jpg) using the Ilizarov 
frame, unified reduction nodes have to be replaced three to five times (Fig. 1). 
Every frame re-assembly involves a change in the reductional units and is a 
highly laborious process in which there is additional patient exposure to 
radiation. Sometimes, due to the peculiarities of frame assembly (external 
supports are not oriented at a right angle to the axes of the bone fragments, a 
bone is not at the center of a support, the support for some reason is not 
closed, etc.), correction of one component can lead to the secondary 
translation of other(s). These secondary translations will, in turn, require 
correction and therefore additional frame re-assembly [Solomin L.N. et al., 
2009]. 

 

  

a b 
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c d 

Fig. 1. To correct a multi-component deformity, the Ilizarov frame has to be 
reassembled three to five times. a ï lengthening. b - correction of an angular deformity and 
translation in the frontal plane. c - correction of an angular deformity and translation in the 
sagittal plane. d - correction of a rotation 

 
Certainly, the problem of the directed accurate moving of object in 

three-dimensional space demands the decision not only in orthopedic 
surgery, but also in many branches of technique. One of perspective 
directions in the given area is application of hexapods. Hexapods 
structurally consist of two (basic and mobile) platforms to be connected by 
six telescopic rods of a special design, so-called struts.  

The ways in which the struts connect to each other and to the 
platforms differ and depend upon the authorôs approach (Fig. 2). The 
number of struts is not connected with the number of planes and the 
degrees of freedom that the platforms must have relative to each other: 
when five struts are used, the system loses its stability, while seven struts 
causes overstraining. 

The first hexapod was proposed by Gough in 1947 [Bonev I., 2003] for 
testing wheels exposed to combined forces (Fig. 2a). Ceppel, in 1962, 
unaware of Goughôs invention, created a similar mechanism while 
developing a vibration device (Fig. 2b). Stewart, in 1965 [Bonev I., 2003], 
proposed a platform on the basis of the original hexapod (Fig. 2c). 
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c 

Fig. 2. Hexapods. a - Gough's system. b - Ceppel's system. c - Stewart's platform 
[Bonev I., 2003] 

 
Initial length of each of struts corresponds to initial position of a mobile 

platform; final length of each of strut agrees with needed position of mobile 
platform. Change of length even of one strut leads to displacement mobile 
platform relative to basic one in three planes. Therefore for necessary 
displacement of a mobile platform relative basic needs computer 
navigation. The task of the software is to calculate required change of 
length of each strut using some data input. 

There are active and passive navigation in robotics. With reference to 
considered devices at active navigation the computer, having received 
necessary coordinates of due position of an object (in this case - a mobile 
platform) takes all necessary parameters for achievement of result "itself". 
If the operator approves modeled result, the device for active computer 
navigation steers a mechanism to carry out the directed movement. The 
autopilot works in the same way. 

At passive navigation the operator put in a computer necessary 
coordinates of position of a mobile platform and parameters to describe its 
initial position, including initial strut lengths, as well. After that the software 
calculates necessary change of lengths for each of strut. Then the operator 
changes length of each of strut, to achieve due position of mobile platform. 
A car navigator may serve as an example. 

In orthopedics, the hexapod may be considered as an universal 
reduction unit to allow the movement of one platform (one basic support, 
with the bone fragment fixed inside) relative to another by the shortest 
ñintegralò trajectory. The first ñorthopedic hexapodò was patented in 1985 in 
France by Philippe Moniot [Paley D., 2011]. At the beginning of 90th years 
of the last century in the Ilizarov Russian Research Center the device 
shown in Fig. 3a was developed [Shevtsov V.I., 2008, unpublished data]. 
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However, these frames were not clinically used, partly due to the lack of 
software. 

 

 
 
 

 

  
a b c 

Fig. 3. Orthopedic hexapods. a ï device created in Ilizarov Russian Research 
Center.  b ï Taylor Spatial Frame. c - Ilizarov Hexapod System 

 

First orthopedic hexapods, used clinically and sold commercially, 
appeared in USA and Germany. Those are Taylor Spatial Frame ï TSF (Fig. 
3b), with its usage started in 1994 and Ilizarov Hexapod System device ï IHS 
(Fig. 3c), developed in 1995 [Seide K. et al., 1999]. These devices are 
becoming more and more popular at fracture treatment and long bone 
deformity correction due to the possibility to implement mathematical 
precision of the procedure without resorting to repetitive changes of unified 
reduction units [Paley D., 2005; Rozbruch, S.R. et al., 2006; Marangoz S. et 
al., 2008; Seide K. et al., 2008; Solomin L.N. et al., 2008; Dammerer D. et al., 
2011]. Original transosseous hexapod (Ortho-SUV Frame) was developed in 
Russia in 2006. 

There is an incorrect opinion, that all known orthopaedic hexapods 
work using Stewart platform [Taylor J.C., 1997; Seide K. et al., 1999; Paley 
D., 2005]. However, IHS and TSF are closer to Goughôs and Ceppelôs 
platforms (Fig. 2a,b). Ortho-SUV Frame reminds Stewart platform from outside. 
This device was made on the basis of Solomin-Utekhin-Vilensky platform 
(SUV-Platform), featuring unique construction and kinematics. Only 3 struts 
connect to each ring. The other 3 struts connect to the side of another strut. 
The information about the distance between the sides of the triangle 
formed at each ring by the strut connection is fed into the computer. 
Because only 3 struts connect to each ring, thus forming a triangle between 
the connection points, the computer identifies a plane for each triangle 
using only the strut lengths and the length of the sides of the 2 triangles. 
The beauty of this frame is that for the first time it is independent of the size 
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and shape of the rings and the math is much easier. This is by far the 
most modular of all the 6 axis correction frames [Paley D., 2011]. 

Due to improvements, Ortho-SUV Frame succeeds its analogs by a 
number of design features, its reductive potential and rigidity of the 
osteosynthesis. Additionally, Ortho-SUV Frame is equipped with advanced 
software.  

 
Indications for application of Ortho-SUV Frame  

1. Fractures (except intra-articular): 
- Closed fractures; 
- Open fractures; 
- Open fractures in conjunction with soft tissue damage such as 
burns, soft tissue extensional defects; 

2. Consequences of the fractures: 
- non-unions; 
- malunions; 
- posttraumatic deformities; 
- osteomyelitis, including bone defects; 

3. Long bone deformities: 
3.1. congenital deficiency (fibular hemimelia, congenital femoral 
deficiency, tibial aplasia etc.); 
3.2. Aquired deformities:  
-post traumatic; 
-post infectious; 
- idiopathic; 
- bone diseases leading to deformity (Hypo-, Pseudo-, 
Achondroplasia; Rickets; Blount; enchondromatosis; 
mucopolysaccharidosis etc.); 

4. Congenital limb length discrepancies; 
5. Foot deformities (including clubfoot; Charcot-Marie Disease etc.); 
6. Joint stiffness of elbow, knee and ankle joints of any etiology; 
7. Old subluxations in elbow, knee and ankle joints; 
8. Aesthetic deformities; 
9. Reconstructive procedures (for example: pelvic support osteotomy); 
10. Arthrodiastasis. 

 
Further information featuring construction and advantages of hardware 

and software will be considered below. 
 

 
2. Design of Ortho-SUV Frame 
 
Two external supports comprise the Ortho-SUV Frame (Fig. 4), one 

basic and the other mobile. These are united by six struts connected in 
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series. Together, these parts constitute the ñuniversal reduction unitò 
mentioned above. The basic ring, with the aid of the transosseous 
elements, fixes the main bony fragment, while the mobile support holds the 
bony fragment to be transported. If necessary, the rigidity of the 
osteosynthesis can be increased by using additional stabilizing supports. 

 

 

 
a b 

Fig. 4. Ortho-SUV Frame design. ʘ ï standard assembly. b ï assembly completed 
with stabilizing support. 1 ï basic (proximal, reference) support; 2 ï mobile (distal, 
corresponding) support; 3 ï struts; 4 ï stabilizing support 

 
 
Ortho-SUV Frameôs standard set (Fig. 5) includes: 
- six standard(medium) size struts; 
- six ring connection plates straight; 
- three ring connection plates Z type; 
- labels of strut numbers (set of 6); 
- X-ray markers of struts (set of 6); 
- two spanners 12 mm;  
- two spanners 8 mm;  
- triangular measurement device; 
- Allen key; 
- hasp-key (Fig. 25). 
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c d 

 
 

e f 
Fig. 5. A standard Ortho-SUV Frameôs set. a ï the full set. b ï struts. c -  plates 

(straight and Z-shaped). d ï strut number clips and X-ray positive strut number markers. 
e ï wrenches and a screwdriver. f ï triangular measurement device 

 

 
Strut length changing units of short and long sizes, a set of threaded 

rods of various lengths (Fig. 6) can be taken additionally. 
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Fig. 6. Additional equipment: threaded rods of different lengths  

 
2.1 Design of strut of Ortho-SUV Frame 
A strut consists of three main elements: a joint, a threaded rod M6 and 

a strut length changing unit (Fig. 7) 
 

 
Fig. 7. Strutôs of an Ortho-SUV Frame design 

 

Joint (Fig. 8) is fixed to a ring of the frame or to plate by means of a 
nut. Other end of joint with the help of coupling is connected to threaded 
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rod. There is a swivel connection of joint with strut length changing unit in 
this place as well. The hook used for measurement of strut length is fixed to 
the joint by means of a nut. 

 

 
 

 

 
a b 
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c d 

 

 

e  
Fig. 8. Design of a joint of Ortho-SUV Frameôs strut. a ï the joint with swivel 

connection to strut length changing unit of the next strut. b ï fixing a strut to the ring. c ï 
fixing strut to the plate. d - disassembled clutch.  e - assembled clutch.  1 ï joint; 2 ï 
threaded tail; 3 ï fixing nut; 4 ï threaded rod; 5 ï strut length changing unit; 6 ï strut 
length changing unit of the next strut; 7 ï hook; 8 ï threaded tail with L-shaped groove; 
9 ï coupling; 10 ï small lock-nut; 11 ï straight plate 

 
Strut length changing unit (Fig. 9) consists of a body, a connecting nut, 

a threaded clutch and lock-nuts. The body and threaded clutch have 12 
mm rust flies. 
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Fig. 9. Strut length changing unit. 1 ï body; 2 - connector nut; 3 - threaded clutch; 

4 - lock-nuts 

 
The body encloses two screws. The screw #1 provides a mode of 

fracture reduction (ñfast strutò mode) (Fig. 10). At a relaxation of the screw 
#1, connector nut can be moved (by rotation) along threaded rod (Fig. 10). 
There is a lock-nut over the connector nut. 

The screw #2 is intended for ñadjustmentò ("reverse") of strut (Fig. 10). 
The tightening of the screw #2 fixes the body to the threaded clutch 

and they rotate together. 
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a b 
Fig. 10. Body of strut length changing unit. a - the screw #1 is loose; connector nut 

is moved away from the body. b - connector nut is moved into the body, screw #1 and 
lock-nut are fixed. 1 - screw #1; 2 - screw #2; 3 - connector nut, 4 - lock-nut 

 

The clutch of strut length changing unit (Fig. 11) consists of two right 
threaded cylinders (external and internal). The external cylinder has a scale 
with a division value of 2 mm. In addition there are arrows "+" and "-", and 
eight longitudinal lines. The internal cylinder has a strut length change 
indicator. It moves inside the scale of the external cylinder. There is a 
longitudinal line on the internal cylinder as well. External end of internal 
cylinder is pivotally connected to the joint of previous strut. The logo "SUV" 
is applied here (Fig. 11). 
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a b 

 

 

ʩ  
Fig. 11. Clutch of strut length changing unit. a ï view in coronal plane, lock-nut is 

moved away from external cylinder. b ï view in sagittal plane, lock-nut  fixes the 
external cylinder. 1 - the external cylinder with the scale, arrows "+" and "-", and eight 
longitudinal lines; 2 - internal cylinder; 3 - longitudinal line of internal cylinder; 4 ï lock-
nut; 5 - "SUV" logo;  
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2.2 External supports 
Supports from any circular external fixation devise may be used to 

assemble an Ortho-SUV Frame (Fig. 12a,d,g). Additionally, supports 
comprising 1/2, 2/3, and 5/8 of a ring (Fig. 12b,e) are possible to use, as 
well as supports of any shape: triangular, oval, or rectangular (Fig.12 c,f,h). 

 

 
 

 

a b c 

 
 

 

d e f 

 
 

 

g h  
Fig. 12. In the assembly of an Ortho-SUV Frame, supports of various shapes and 

types can be used. a,d,g ï supports from a range of circular external fixation devices. 
b,e ï1/2, 2/3, 5/8 rings. c,f,h ï oval, triangular, and polygonal shaped supports 
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3. Ortho-SUV Frame Assembly 
 
The number of supports in frame modules as well as the number and 

type of transosseous elements to insert in each case are chosen on the 
basis of knowledge in the biomechanics of external fixation and following 
principles of a method of external fixation frame assembly (Solomin L.N., 
2008, 2013). 

 

NB! 
Each bone fragment must be strongly fixed to rings. Rigidity of fixing of 
each bone fragment to a ring should exclude errors of correction of 

deformation due to displacement of the bone fragment inside the ring. For 
example, it happens because of insufficient number of wires and half-pins 

and (or) their incorrect spatial orientation. 
 
3.1 Supports Assembly 
Any angle of support assembling is possible. Bone fragments can be 

located both in the external support centre, and off the ring centre (Fig. 13). 
 

  

a b 
Fig. 13. At Ortho-SUV Frame assembling rings can be placed both perpendicular 

to an axis of bone segment and at any random angle, bone fragments can be located in 
the centre of rings and off the ring centre as well. a ï AP view. b ï Lateral view 

 
3.2 Strut assembling  
 

NB! 
For simplification of strut connection, they should be preassembled as 

it is shown in Figs. 5b and 14a. A ñpreassembled strutò consists of a joint, a 
threaded rod and attached to the joint strut length changing unit of the next 

strut. 
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All the six preassembled struts are interconnected as it is shown in 
Fig. 14b. Special dismountable strut number labels (clips) are used for 
designation of number of each of struts (Figs. 5d and 14a). 

 

 
a 

 
b 

Fig. 14. Set of struts for Ortho-SUV Frame. ʘ ï full set, with  arrows pointing the 
clips indicating strut number. b ï interconnected struts 

 
Struts can be fixed to the ring directly, and by means of straight or Z-

shaped plates as well (Fig. 15). 
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a 

 

 

 

b 

 

 

 

c 
Fig. 15. Variants of strut fixation to support. a - directly to ring. b - by means of 

straight plate. c - by means of Z-shaped plate 

 
Struts are fixed to the basic and the mobile rings at three points. Struts 

##1, 3 and 5 are fixed to the proximal (basic) ring. Struts ##2, 4 and 6 are 
fixed to the distal (mobile) support. The standard of frame assembly is the 
joint of strut #1 located at any point of the front semicircle of the basic ring.  
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Itôs better to make equal distance between the points of strut fixation 
to the ring to form equilateral triangle. But this requirement is not obligatory 
(Fig. 16).   

 

  

a b 
Fig. 16. Fixation of struts to support. a ï making equilateral triangle. b ï random 

fixation 

If a distance between rings is too small, strut fixation is possible not 
only to the basic and the mobile supports, but to the stabilizing support as 
well. If the distance between supports is ñtoo muchò, length of strut can be 
increased by means of additional threaded or telescopic rods (Fig. 17). 

 

 

 
 

a b c 
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d 

Fig. 17. Abilities of Ortho-SUV Frame assembling. a - "standard" configuration: 
struts are fixed directly to the basic and mobile supports. b - distance between supports 
is not enough for strut fixation directly or using straight plates. Therefore Z-shaped 
plates are used. c - distance between support is not enough for strut fixation by means 
of Z-shaped plates. Therefore some struts are fixed to stabilizing support. d - increasing 
strut length with the help of telescopic rod 

 

NB! 
At any mentioned variant of frame assembly two rules must be 

observed: ñLogo ruleò and ñWatch ruleò. 
 
1. ñLogo ruleò 
A logotype ñSUVò marked on the struts must be always directed 

externally (to the side opposite the bone) (Fig. 18). 
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a b 

Fig. 18. ñLogo ruleò. a,b - logotype ñSUVò marked on struts must be always 
directed externally (to the side opposite the bone) 

 
2. çWatch ruleè 
The strut #1 must be always located on the left from the strut #2. At 

connection of the strut #2 to the strut #1 ñlogo ruleò must be observed. The 
strut #1 is symbolized by the left arm wearing a watch. The strut #2 is 
symbolized by the right arm pointing (ñcoveringò) the watch (Fig. 19). 

 

 
Fig. 19. The mnemonic ñwatch ruleò. Strut #1 corresponds to left arm, i.e., arm that 

normally wears a watch. Strut #2 corresponds to right hand, pointing (covering) the 
watch 

 

The positions of the struts #1 and #2 should always comply with this 
rule regardless of whether the frame is applied to the left or to the right 
limb. Further numbering is done counter-clockwise. Thus joints of struts 
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##1, 3 and 5 are fixed to the basic (proximal) support; joints of the struts 
##2, 4 and 6 ï to the mobile (distal) support (Fig. 20). 

 

 
a 

       

   
b 

Fig. 20. Struts numeration. a,b - no matter which anatomic side is involved, the 
positioning of struts #1 and #2 must comply with the ñwatch ruleò and made counter 
clock-wise. struts ##1, 3 and 5 are fixed to the basic (proximal) support; joints of the 
struts ##2, 4 and 6 ï to the mobile (distal) support 
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The algorithm of Ortho-SUV Frame assembling is illustrated in Fig. 21. 

Note, that before strut connection, the screw #1 (Fig. 10ʘ) must be loosed 
in order that connector nut (Fig. 10b) should have a possibility to be freely 
moved into the strut length changing unit. 

 

  
a  

assembling proximal (basic) ring  
b  

assembling distal (mobile) ring 

  
c  

fixing strut #1 to basic ring 
d  

insertion of threaded rods of strut #2 into 
strut length changing unit of strut #2 (it is 
fixed to the joint of strut #1). Fixing strut 

(joint) #2 to distal (mobile) ring 
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e  

insertion of threaded rods of strut #3 into 
strut length changing unit of strut #3 (it is 
fixed to the joint of strut #2). Fixing strut 

(joint) #3 to proximal (basic) ring 

f  
insertion of threaded rods of strut #4 into 
strut length changing unit of strut #4 (it is 
fixed to the joint of strut #3). Fixing strut 

(joint) #4 to distal (mobile) ring 

 
 

g  

insertion of threaded rods of strut #5 into 
strut length changing unit of strut #5 (it is 
fixed to the joint of strut #4). Fixing strut 

(joint) #5 to proximal (basic) ring 

h 

insertion of threaded rods of strut #1 into 
strut length changing unit of strut #1 (it is 
fixed to the joint of strut #6). Fixing strut 

(joint) #6 to distal (mobile) ring. Note, that 
all connector nuts are at some distance 

from strut length changing unit (pointed by 
arrows) 
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i  
insertion of  connector nuts into the body 

of strut length changing unit. Fixing screws 
#1. Stabilization of strut length changing 

units by lock-nuts 

j 
at osteotomy struts ##1, 3 and 5 should be 

temporarily disconnected from proximal 
support 

Fig. 21. Step-by-step Ortho-SUV Frame assembling 
 

Hereby in Ortho-SUV Frame assembling: 
- external supports of any shape and type, excluding monolateral and 

arch supports, can be used; 
- supports can be placed at any random angle to bone fragments axis; 
- the bone can be placed in the centre of support as well as 

eccentrically; 
- struts can be fixed to supports directly as well as using straight or Z-

shaped plates; 
- the struts can be fixed not only to basic and mobile supports but also 

to stabilizing supports; 
- the places of struts fixation to supports can be chosen by a surgeon 

randomly. Itôs better to make equal distance between the points of fixation 
to form equilateral triangles. But this term is not obligatory; 

- the strut length is formally not limited and depends on the length of 
threaded rods used. 

 

None of these parameters requires additional and special data to be 
input in the software.  
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4. Modes of Ortho-SUV Frame operation 
 
For practical reasons, the distal (mobile) support is moved relative to 

the proximal (static, basic) support. A length change of even one of the 
struts will cause the mobile support to dislocate in three planes. By 
changing the lengths of every strut, displacement of the mobile support 
over the required direction and distance is achieved. The amount of the 
length change for every strut is calculated by a computer program. 

There are two modes of operation for an Ortho-SUV Frame: 
1. çFast strutsè mode; 
2. çDeformity correctionè mode. 

 
4.1 çFast Strutsè mode 
This mode is used for acute fracture reduction or when deformity 

correction is implemented under visual control or fluoroscopy. The 
procedure starts with the loosening of the large lock-nuts, moving them, by 
their rotation, away from the strut length changing unit. Fixing screws #1 
are loosened using the hexahedral screwdriver (Fig. 22ʘ). The connector 
nuts are moved behind the lock-nuts (Fig. 22b). The next step is a 
reduction, implemented by manually moving the rings relative to one 
another (Fig. 22c). The connector nuts are then moved along the threaded 
rods until each one locks with its respective strut length changing unit. 
Fixing screws #1 are tightened (Fig. 22d). Finally each strut length 
changing units must be fixed by lock-nuts. 

 

 
 

a b 
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c d 

Fig. 22. Fracture reduction in fast strut mode. ʘ ï fixing screws #1 of all the struts 
are loosened. b ï the connector nuts are moved along the threaded rods. c ï acute 
reduction. d ï  the connector nuts are moved along the threaded rods until each one 
locks with its own strut length changing unit; the fixing screws #1 are tightened 

 
4.2 çDeformity correctionè mode 
This mode is applicable when there are indications both for gradual 

deformity correction and fracture reduction. The computer program 
calculates which of struts is to be lengthened or shortened. The strut length 
changing unit is equipped with a scale. For a strut to be lengthened, the 
strut length indicator is set in its extreme ñīò (minus) position. For a strut 
intended for shortening, the indicator is set in its extreme ñ+ò (plus) position. 

Procedure on moving the indicator in necessary position is named 
ñStrut adjustmentò or "Reverse". To execute reverse procedure it is needed 
to do the following: 

1. Loosen the lock-nuts. 
2. Using the screwdriver loosen fixing screw #2 (Fig. 23ʘ). 
3. By opposing hand motions, rotate the body and the external cylinder 

of clutch of strut length changing unit in opposite directions (Fig. 23b). If the 
strutôs length is minimal, the body of strut length changing unit is rotated 
clockwise; if it is maximal, rotation is counter-clockwise. 

4. Tighten fixing screw #2 and the lock-nuts. 
 

NB!  
While reverse procedure the strut length does not change and the 

bone fragments are not displaced. 
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a b  c  

 

 
d e 

Fig. 23. Adjustment of a strut (reverse procedure). ʘ ï scale before the procedure: 
the indicator is set in its extreme ç+è position. b ï loosening fixing screw #2. c ï the 
body and the external cylinder of clutch of strut length changing unit are counter-
rotating. d ï fixing screw #2 is tightened. e ï the scale after the procedure: indicator is in 
its extreme ç-è position. The strut length has not been changed! 

 
As it was already specified, the tightening of the screw #2 fixes the 

body to the clutch of strut length changing unit owing to what they rotate 
together. 

To change strut length lock-nuts are loosened and the body with fix to 
it clutch are rotated (Fig. 24).  As it was already mentioned, there are 
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arrows "+" and "-" on the external cylinder of the clutch. Rotation of the 
body in the "+" direction increases strut length; rotation in "-" direction 
results in shortening of strut. Full turn of the body (360 deg.) changes strut 
length up to 2 mm. The scale interval is 2 mm. Accordingly, 45 deg. turn 
changes strut length to 0.25 mm. To control gradual, 0.25 mm, change of 
strut length, there are eight longitudinal lines on the external cylinder and 
one longitudinal line on the internal cylinder. Turn from one line up to the 
next line corresponds the turn of the body by 45 deg., and, accordingly, 
change of strut length by 0.25 mm. 

After changing length of strut body and clutch must be stabilized by 
lock-nuts. 

 

 
a 

 
b 
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c 

 
 

d e 
Fig. 24.  ñDeformity correctionò mode: gradual changing length of strut. a ï loosing 

of lock-nuts. b - rotation of the strut length changing unit in "+" direction leads to strut 
lengthening; in "-" direction leads to strut shortening. Turn ñfrom line to lineò changes 
length of strut by 0.25 mm. ʩ - full turn (360 deg.) of strut length changing unit changes 
strut length by 2 mm. The scale interval is 2 mm. d ï strut is rotated by hand or, at strut 
tension, by spanner 12 mm. e ï fixing of lock-nuts. 

 
 

NB! 
Sometimes the scale length is not sufficient for a fragment 

displacement to be corrected completely. In such cases the reverse 



 

www.ortho-suv.org 

35 

procedure (Fig. 23) must be repeated. Thus, the maximal strut length is 
limited only by length of threaded rod used. 

 
NB! 

There are no situations when both fixing screws (#1 and #2) are 
loosened at the same time. The loosing of the screw #1 allows ñfast strutò 

mode to be completed. The loosing of the screw #2 is necessary for 
ñreverse procedureò. At gradual deformity correction both screws must be 

tightened. 
 
The precisely controlled relocation of bone fragments requires that the 

amount of length change be calculated for every strut. This can be done 
using specialized software. 

 
 
 
 

5. Software for the Ortho-SUV Frame 
 
5.1 General information 
The program for working with the Ortho-SUV Frame was written using 

the language ñC++ Builder.ò Its volume is about 1.400 kb. To install the 
program, copy the executable file onto a hard disc. The minimal 
requirements are: IBM PC-compatibility, operating system Windows 2000, 
XP or Vista, processor with a minimal quality of the DX486 and a minimum 
frequency of 1.5 GHz, and a memory of 256 Mb RAM. Installation requires 
at least 10 Mb of disk space. Color display with a minimal resolution of 800 
x 600 pixels is necessary. 

Software is available as a folder ñSUV-Software vʨ. ******ò. There is a 
number of the version of the program instead of "*******", for example, 
ñSUV-Software vʨ. 1.0ò. The folder has two files: ñSUV-Software vʨ.exeò 
and "winspool.dll". The later version has greater number, than the previous 
one. Updated software is placed on website http://ortho-suv.org. 

Program works with digital roentgenograms saved in formats .bmp and 
.jpg. The software is protected from non-authorized use by HASP-key (Fig. 
25). The HASP-key as an USB-charm is included into the complete set of 
Ortho-SUV Frame. The appropriate HASP-driver should be installed on a 
computer. The driver can be taken from the website http://www.aladdin-
rd.ru/support/downloads/haspsrm/. It is necessary to download and install 
the driver ñSentinel HASP for Windows. Version 6.22 (the interface: GUI)ò. 

Before start your first work with the program, please, follow few 
essential steps described in Appendix 1. 
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Fig. 25. Before software use the HASP-key must be inserted into USB-port of a 
computer. The red indicator confirms, that the program is ready to work 

 
Working with the program involves advancing through its sequence of 

13 steps. At every step, if necessary, the operator can return to the 
previous one. If the obligatory actions required at every given step are not 
performed, moving to the next step is not possible. 

 
5.2 The parameters must be input into the software 

Two groups of parameters must be input into the computer program: 
Group 1. Parameters, measured on the frame (12 parameters) and at 

making roentgenograms (2 parameters); 
Group 2. The parameters determined on roentgenograms (14 

parameters). 
The first group of parameters can be taken using measuring tools. 

Parameters of the second group are found using tools of the software. 
 
5.2.1 Parameters, measured on the frame 
The 12 parameters measured on the frame are strut length (6 

parameters) and the side lengths of the triangles (6 parameters) whose 
apexes are the centers of the nuts fixing the strut joints to the ring or plate. 

Strut length is a distance between the hook located on joint and the 
end of the strut length changing unit (Fig. 26). It is a mistake to measure 
the distance from the hook up to the end of the threaded rod! 
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a 

  
b c 

Fig. 26. Strut lengths measurement. ʘ ï strut length ñLò is measured between strut 
hook and ending point of strut length changing unit. It is a mistake to measure distance 
from hook up to end of threaded rod! b ï measurement using a ruler or measuring tape. 
c ï measurement by laser range-finder 

 
The sides of the triangles are measured between the centers of the 

nuts that fix the joints to the rings or to the plates (Fig. 27). It is erroneous 
to measure the distances between the centers of the nuts that fix the plates 
to the rings! 

For the basic ring, the sides of the triangle are indicated as A1 (Base), 
B1 (Base), C1 (Base). Thus, A1 (Base) is the distance between joints #1 
and #3; B1 (Base) is between joints #3 and #5; and C1 (Base) is between 
joints #5 and #1. 

For the mobile ring, the sides of the triangle are indicated as A2 
(Mobile), B2 (Mobile), C2 (Mobile). Thus, A2 (Mobile) is the distance 
between joints #2 and #4; B2 (Mobile) is between joints #4 and #6; and C2 
(Mobile) is between joints #6 and #2. All measurements are made using the 
special measuring tool (Fig. 27). 
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a 

 
 

b 



 

www.ortho-suv.org 

39 

 

 
c 

  
d e 

Fig. 27. Measuring sides of triangles. ʘ ï sides of triangles are measured between 
the centers of nuts that fix the joints to rings or to plates. b ï measurement using special 
tool (triangular measurement device). Note, that one of strut is fixed directly to ring, and 
the second - with the help of plate.   c ï measurement using a laser range-finder. d ï in 
this case distance between the centres of  nuts fixing plates to ring is measured. It is a 
mistake! e - in this case the distance between the centre of nut fixing plate of strut #1 
and the centre of nut fixing joint #3 to plate is measured.  This is wrong measurement! 
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5.2.2 Parameters measured on X-ray 
When roentgenograms are intended for the finding of the above-noted 

parameters, not only the standard rules [Paley D., 2005; Solomin L., 2013] 
but also the following must be observed: 

1. The image field has to cover as many joints and struts as possible. 
Therefore film-cassette <30 cm in width are inappropriate (Fig. 28). The 
image field should contain only the helpful information. Edges of 
roentgenograms which do not have the necessary information, should be 
"to cut off" using any graphic editor.  

 

 
 

a  b 
Fig. 28. Image field. a ï when a narrow film is used, the number of struts and joints 

visualized will be insufficient to measure necessary parameters. b ï image field 
encompassing most of the struts and joints 

 
2. For an opportunity of scaling (software steps 4 and 5) in the image 

field the ruler (Fig. 29) should be placed. It is placed directly on the film 
cassette (not in a projection of the centre of a bone!). If the film is placed 
into film-cassette holder, the ruler should be placed on a surface of a 
radiological table. For maintenance of necessary accuracy of scaling, the 
length of a ruler should not be less than 80 mm. Instead of the ruler it is 
possible to use any roentgen-visible subject of known (not less than 80 
mm) lengths. 
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Fig. 29. For an opportunity of scaling the image field must contain roentgen-visible 

ruler with length not less than 80 mm. Ruler should be placed directly on the film-
cassette or (if film-cassette holder is used) - on a surface of a radiological table 

 
3. Focal distance must be measured. Focal distance is a distance in 

millimeters between anode of the X-ray tube and the film cassette. X-ray 
equipment often has focal distance sensors or measuring tape (Fig. 30). 

 
NB! 

When a radiopaque ruler is used (for scaling ï step 4 in the program), 
a focal distance is measured between anode and the ruler. Therefore, if the 

ruler is placed directly on the film-cassette, the general rule works. But 
when the film-cassette is placed into the radiological table holder and the 

ruler is positioned on the surface of the X-ray table, the distance from 
anode to the ruler is taken as a focal distance. It is a mistake to measure 
the distance from anode to the center of a bone and placing the ruler on 

the bone level. 
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Fig. 30 Measuring focal distance (two parameters: for AP and Lateral views) 

 
4.  X-ray beam center must be indicated on the roentgenogram. For 

this purpose, a small (about of a cent coin in size), usually cross-shaped 
marker is placed on film-cassette, where is the center of X-ray beam (Fig. 
31). While X-ray examining, make sure that this beam center marker did 
not overlap with any radiopaque parts of the frame, such as struts or rings. 

 

  
a b 

Fig. 31. Beam center identification. a ï self-adhesive X-ray-positive mark to 
visualize the beam center. b ï this mark points the beam center on the film 

 
5. To facilitate the strut number identification, special radiopaque 

markers with bar-codes are used (Fig. 32). 
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a 
strut #1 

b 
strut #2 

c 
strut #3 

 

 

 

 

 

 

d 
strut #4 

e 
strut #5 

f 
strut #6 

 
 

g h 
Fig. 32. Strut markers. a-f ï markers of struts ##1-6, schemes and image of "bar-

codes" on roentgenogram. g ï strut markers are fixed on struts. h - x-ray image of strut 
markers (pointed by arrows) 

 
6. In some cases it is impossible to make AP and lateral views in 

tangential projections (perpendicular to each other). For Ortho-SUV 
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software AP and lateral views made at the angle not less than 45Ü can be 
used. 

7. If there are analog X-rays, they must be converted into digital form, for 
example, by photographing. Camera should be located parallel to X-ray view 
box and the X-ray image should be taken completely (Fig. 33). 

 
NB! 

The distance from the camera up to the X-ray view box is not "the focal 
distance". The focal distance which was at X-ray examination should be 

input into software. 
 

 
a  

 
b  

Fig. 33. Converting analog X-rays into digital format. ʘ ï camera should be located 
parallel to X-ray view box. It is not "the focal distance"!   b ï image includes struts, joints, 
scaling ruler and marker of beam center 
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5.3 Working With the Program 
After an initial training, including 10-12 calculations, the program 

assumes the following standard of work: 
- 8-12 minutes in case of fractures and shaft deformities; 
- 12-15 minutes in case of epimetaphyseal deformities and 

reconstruction surgeries. 
It is necessary to provide maximum accuracy of each parameters input 

(Steps 1,6,7,10 and 11) and proper performance of the procedures 
required (Steps 4-10 and 12). It will provide "ideal" reduction and deformity 
correction. 

 
 

NB! 
The folder ñOrtho-SUV Frameò must be created on the working table of 

the computer. This folder should contain folders "SUV-Software" (for files of 
the software) and "Cases" (for clinical cases). 

 
Before working with the program it is necessary to create a folder with 

the title of the clinical case, for example ñCase 1ò. AP and lateral view of 
the patient must be placed in this folder (Fig. 34). 

 

 

Fig. 34. The clinical case folder should contain patientôs AP and lateral view 

 
To start working, double-click ñSUV.exeò file. Program window 

appears. Press the "New document" button. New document will be created 
with its first page entitled çStep 1è (Fig. 35). 
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Fig. 35. Program window step 1 after new document has been created 

 
NB! 

After ñclinical caseò file had been created, it must be saved in the same 
folder where patientôs AP and lateral view are placed (Fig. 36). This file 

should be saved after passing each step of the software. 
 

 

Fig. 36. Clinical case folder must contain patientôs AP and Lat view as well as SUV-file 
created by the software  
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NB!  
If for some reason difficulties have occurred (usually associated with 
incorrect usage), sent the folder contained X-rays and SUV-file to the 
following email address: orthosuv@gmail.com. In the accompanying 

message, explain in detail the problem that has been encountered. To 
resume working, it is usually enough to re-start the program and, obviously, 

avoid oneôs previous mistakes. 
 
Step 1: Input of Strut Lengths and Those of the Sides of the 

Triangles 
Fill in the window ñPatient dataò by typing in the patientôs surname, 

name, age, and diagnosis as well as the modeling date (Fig. 37). 
Fill in the fields ñStrut 1ïStrut 6ò (Fig. 37) by inserting the lengths of the 

corresponding struts, as measured according to the rules described in 
Sect. 5.1 (Fig. 26). 

Fill in the fields ñTriangles A1 (Base), B1 (Base), C1 (Base), A2 
(Mobile), B2 (Mobile), C2 (Mobile)ò by typing in the respective sizes of the 
sides of the triangles whose apexes are the centers of the nuts fixing the 
strut joints to supports or to plates. The rules for measuring the sides of the 
triangles are provided in Sect. 5.1 (Fig. 27). There are scheme-prompt at 
this step window. 

After completion of these fields and saving the file, click on the 
ñForwardò button and continue to the next step. 

 

 
Fig. 37. Data input in Step 1. 1 ï patient data; 2 ï strut lengths; 3 ï triangle side lengths; 

4 - scheme-prompt 
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Step 2: Uploading the AP Roentgenogram  
A movable panel appears with a button to load the AP roentgenogram: 

ñAP viewò (Fig. 38). 
 

 
Fig. 38. Ortho-SUV program window in Step 2: Uploading the AP view 
 

To upload the AP roentgenogram, click on the button ñAP view.ò A 
drop-down menu appears. Using the ñbrowseò function, choose the 
previously prepared AP roentgenogram. Click on the button ñOpen.ò At this 
point, the operator is returned to Step 2. Note that the AP view itself does 
not appear. Click on the ñForwardò button and continue to the next step. 

 
Step 3:   Uploading the Lateral (profile) Roentgenogram  
To upload the lateral digital roentgenogram, click on the button 

ñLateralò (Fig. 39). A drop-down menu appears. Using the ñbrowseò 
function, choose the previously prepared lateral roentgenogram. Click on 
the ñOpenò button. Two radiographic images will appear in the document 
window: the AP view to the left and the lateral view to the right (Fig. 40). 

After these two views appear, save the file, click on the ñForwardò 
button and continue to the next step. 
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Fig. 39. Ortho-SUV software window after Step 3 
 

 
Fig. 40. Ortho-SUV software window after Step 3, in which the AP and lateral 

views appear 

 
Step 4: Scaling of the AP View  
At the step 4 in a window of the program appear earlier uploaded AP 

view, the button ñ+/-ò (ñzoom in/zoom outò) and the special tool, so-called 
"dumbbell" (Fig. 41). Having pressed by the button ñ+/-ò, the user chooses, 
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what he wants to make with the roentgenogram: magnification or reduce 
the image. Thus near "+" or "-" appears an appropriate dot index. After that 
double click of the left button of the mouse in the field of the 
roentgenogram, the user enlarges or reduces the image. The picture is 
enlarged (reduced) around of the cursor. It lets make the centre for 
magnification (demagnification) any point of the roentgenogram. Moving of 
the roentgenogram along the screen is carried out as follows: having 
pressed on the left button of the mouse in a field of the roentgenogram and 
not releasing the mouse button, the user moves the cursor in that direction 
where he wants to move the picture. 

 

 
Fig. 41. Ortho-SUV software window in Step 4. 1 - AP view; 2 - ñ+/-ò (ñzoom 

in/zoom outò) button; 3 - tool "dumbbell" 
 

For scaling the AP view, extreme points of the "dumbbell" must be 
overlapped with roentgen-visible ruler which is on the roentgenogram (Fig. 
29). To move the "dumbbell", place the cursor directly on its center (visible 
as a small circle) and, while left-clicking the mouse, move the ruler around 
the display to roentgen-visible ruler. After that one of the ends of the 
"dumbbell" should be overlapped with one of the ends of the ruler. For this 
purpose direct the cursor on one of the ends of the "dumbbell" and, while 
left-clicking the mouse, drag it on screen before it coincides to the end of 
the ruler.  
Due to this, the "dumbbell" is increased in length. Similarly overlap other 
end of the ñdumbbellò with the opposite end of the ruler. After the length 
and position of the "dumbbell" have been set, fill in the field ñInterval 
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between (AP view)ò by typing in the length of the known interval in mm 
(Fig. 42); then click on the ñForwardò button to continue to the next step.  

 

  

a b 

 

c 
Fig. 42. Ortho-SUV software window in Step 4: çScaling of AP viewè. a ï prior to 

scaling. "Dumbbell" is outside of field of roentgenogram. b ï "dumbbell" is moved to 
ruler, one of its ends is overlapped with ruler. c ï after scaling. Both ends of "dumbbell" 
are overlapped with ruler. Field ñInterval betweenò is filled in according length of ruler - 
80 mm 

 
If for the program the analog roentgenogram was photographed, for 

scaling the size of the roentgenogram can be used: its width or length (Fig. 
43). 
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a 

 
b 

Fig. 43. Ortho-SUV software window in Step 4: çScaling of AP viewè (analog 
roentgenogram was the initial source). a ï prior to scaling. "Dumbbell" is outside of field 
of roentgenogram. b ï after scaling. Both ends of "dumbbell" are overlapped with ends 
of the roentgenogram. Field ñInterval betweenò is filled according to width of the analog 
roentgenogram - 298 mm 
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Step 5: Scaling of the Lateral View 
Lateral view scaling is implemented in the same way as described for 

the AP view (Figs. 44 and 45). Click on the ñForwardò button to continue to 
the next step. 

 

 

a 

 

b 
Fig. 44. Ortho-SUV software window in Step 5: Scaling of lateral view (digital 

roentgenogram was the initial source). a ï prior to scaling. "Dumbbell" is outside of field 
of roentgenogram. b ï after scaling. Both ends of "dumbbell" are overlapped with ruler. 
Field ñInterval betweenò is filled in according to length of ruler - 80 mm 
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a 

 

b 
Fig. 45. Ortho-SUV software window in Step 5: Scaling of AP view (analog 

roentgenogram was the initial source). a ï prior to scaling. "Dumbbell" is outside of field 
of roentgenogram. b ï after scaling. Both ends of "dumbbell" are overlapped with ends 
of the roentgenogram. Field ñInterval betweenò is filled in according to width of the 
analog roentgenogram - 298 mm 

 

Step 6: Entering the Focal Distance and Beam Center; Indicating 
Strut and Joint Projections on the AP View 

Type in the value of the focal distance for the AP view, i.e., the 
distance between the anode of the X-ray tube and the plate-holder, in the 
field ñFocal distance (AP view)ò in mm (Fig. 30).  

After that on the field of the roentgenogram, mark the X-ray beam 
center. For this purpose put "tick" in a field of the panel ñBeam centerò. 
Then bring the cursor to the label on the roentgenogram indicating the 
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centre of the beam (Fig. 31) and press the left button of the mouse. In the 
field of the cursor a dark blue dagger with the red centre will appear (Fig. 
46). 

 

 
Fig. 46. Ortho-SUV software window in Step 6. The focal distance has been 

entered (760 mm) and the X-ray beam center marked. An arrow points to the marker of 
the beam center 

 
The next stage involves marking the strut and joint projections on the 

AP view (Figs. 47  and 48). 
 

NB! 
The strut and joint numbers indicated in the program must be the 

same as the strut and joint numbers used in the external fixation device 
calculations. Arbitrary designation of the numbers is not allowed. 

 
The simplest way to identify strut numbers on the roentgenograms is 

to use the X-ray-positive markers of the strut numbers (section 5.2, Fig. 
32). 

 
NB! 

If the projection of any strut or joint is doubtful or invisible (outside the 
roentgenogram or is covered by other details of the frame), this strut or joint 
can be ignored. The software does not demand a designation of all struts 

and joints. As a rule, it is enough to note three struts and two not connected 
with them joints. But if AP and lateral view were made not perpendicularly 
each other, it is necessary to mark all struts and joints that can be seen. 

 
In order to mark the strut projection, click in the field of the strut 

appropriate number. Then bring the cursor to the centre of joint the same 
number. Then, while left-clicking the mouse, drag the line along the 



 

www.ortho-suv.org 

56 

projection of this strut onto the X-ray image (Fig. 47). The line should be 
drawn strictly along the strut centre. For correction of position of the line, 
bring the cursor to any of its ends, press the left button of the mouse and 
move the line in a necessary direction. If the centre of joint is invisible, draw 
the line in a projection of a seen part of strut. 

 
NB! 

As joints of struts ## 1, 3 and 5 are fixed to the proximal ring, lines for 
these struts must be drawn top-down. As joints of struts ## 2, 4 and 6 are 

fixed to the distal ring, lines for these struts must be drawn bottom-up. 
 

 

 
a b 

 

 

c  
Fig. 47. Ortho-SUV software window in Step 6: Indicating the strut projection. a - in 

field ñStrut 1ò the tick is put. The cursor is brought to area joint #1 (pointed by arrow).  b 
ï while-pressing left button of the mouse, line in projection of centre of strut #1 is drawn. 
ʩ - all well seen struts are marked 

 


