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Abstract-Distraction osteogenesis is being increasingly used for 

cosmetic surgery in limb lengthening. Manual distraction 

procedure is very primitive and painful and causes more 

discomfort to the patient, due to lower rhythm of distraction. In 

this paper, we discuss the design and development of automated 

motorised distractor. This system is built around low power 

embedded processor which is the heart of the system and also 

has various features such as programmable parameters, 

progress monitoring system, emergency stop etc.While the 

developed system is user friendly, it reduces human errors. 

I. INTRODUCTION

Distraction Osteogenesis is an orthopaedic surgical 

procedure developed by Dr. Gavriil Abramovich 

Ilizarovused to repair skeletal deformities and reconstructive 

surgeries. It is also being increasingly used in cosmetic 

surgeryfor limb lengthening. The procedure is carried out by 

carefully drilling holes through the bone in perpendicular 

fashion.  

Stainless steel wires called the kirschner wires, shown in 

Fig. 1, are passed through the hole. These wires are fixed to 

support rings and are held at high tension, such that force 

applied axially on the ring will pull the bone along with 

it.Such a ring is constructed by attaching two half rings, as 

shown in Fig.2. 

Different sizes of half rings are used depending upon the 

size of the limb of patient. Two such full ring set are 

fastened closed to each other in order to accomplish higher 

rigidity. A similar  

arrangement of two rings is fixed on the other side of the 

bone segment to support the distraction as shown in Fig 3.  

The bone is fractured/cutpartially or completely in a 

controlled environment and split into two segments between 

the two full ring setsas shown in Fig.3.This procedure is 

called as Osteotomy. 

Fig. 2. Different sizes of ring fixator. 

The two full-ring sets are connected by means of threaded 

rods. One end of the threaded rod is firmly fixed to one of 

the full ring sets. By tightening the nut, as shown in Fig.3,on 

the threaded rod near to the other full-ring set, the latter is 

moved away. This procedure is called as distraction 

osteogenesis. When the two bone segments are slowly 

distracted apart, a new regenerate is formed in the gap 

created, due to natural healing process over a prolonged 

period of time. Typically, 2-3 cm gap is maintained between 

ring and the limb, to compensate the gap when the limb is 

swelling. Up to 75mm of limb lengthening can be achieved 

by this technique [1]. 

Fig. 3 Ilizarov Fixator. [3] 

Various factors that affect the process of distraction 

osteogenesisare-  

• Stability of fixation  

• Type of osteotomy  

• Location of osteotomy on the bone 

• Presence of a diastasis between the bone ends 

• Latency period prior to distraction 

• Rate of distraction 

• Rhythm of distraction 
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Fig. 1. Cross sectional view depicting fixing of kirschner 

wires. 
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We mainly focus on: 

• Stability of fixation  

• Rate of distraction 

• Rhythm of distraction 

It is found that higher the stability of fixation, better the 

quality of regenerate formed [2]. Fixation rings are 

categorised into 3 sizes. Small for paediatric, Medium and 

Large for adults, as shown in figure 2. As the diameter of the 

ring increases, stability of the distraction decreases. 

Therefore, for small size rings, only three threaded rods are 

used and for larger rings, four threaded rods are used to 

improve the stability of the fixator. 

Rate of distraction refers to the amount of distraction per 

day, in terms of mm/day. From literature, the optimum rate 

of distraction was found out to be 1mm/day [2].  

Rhythm of distraction refers to the frequency at which the 

rate of distraction is achieved. Distraction of 1mm/day can 

be accomplished in one single phase or can be applied at 

multiple times in smaller steps at discrete intervals in a day. 

Higher rhythm of distraction leads to better quality of 

regenerate [3]. 

Till date the most widely used method is to manually 

tighten the nut using mechanical tools in order to distract the 

bone segment. The procedure is very primitive and painful 

and causes discomfort to the patient as they will be 

distracting 0.25mm in a single attempt, once every six hours 

(rhythm of distraction=4).In order to achieve higher rhythm 

of distraction, fully implantable motorised distractors were 

developed by Ilizarov, Betz, Baumgart[2][3][5][6].But the 

technique was not used for human application. To date, no 

comparative study of motorized distractionon humans has 

been published to the best of our knowledge. 

Some of the problems reported are [6]. 

• Bent rods 

• Bent plug 

• Dead Battery 

• Motor failure 

Furthermore, patients may also tend to distract more than 

suggested rate of distraction thinking of achievingfaster 

results. In which case, it may lead to poor bone formation.If 

the patients forget to distract at a recommended rhythm it 

may lead to premature consolidation.Either case leads to 

more complications, therefore must be avoided. 

In this paper, we discuss design and development of 

automated distractor, shown in figure 4,which can 

automatically do the distraction as per a programmable rate 

and rhythm. The device is battery operated and provides for 

an effective distraction monitoring feature. When the device 

is fitted to a patient thedoctor can set various parameters of 

distraction and can monitor the entire process at any instant 

with the help of an app on a smartphone. 

II. AUTOMATIC MOTORISEDDISTRACTOR 

Themotorised distractor can be developed by either 

fixing the screw and rotating the nut or by fixing the nut and 

rotating the screw. In the work reported earlier [7], it was 

necessary to have the motor shaft, coupler, threaded rod, and 

nut to be mechanically aligned with high precision, which is 

hard to achieve in the present application. Hence, we chose a 

method, where one end of the threaded rod is firmly fixed to 

one of the full ring sets, a nut is embedded in a gear-box 

which is fitted on the other full ring set. This setup is rotated 

by means of a geared DC motor, such that the full ring sets 

move apart from each other.With this method alignment 

issues reported previously are reduced to a greater extent. 

A. Mechanical Calculation 

Peak axial force during distraction procedure is found to 

be up to 1000N [1][8]. Representation is shown in Fig.5. 

Forces on each screw attached to four motorised distraction 

fixators will be 250N.The motor torque required is computed 

as given below. 

Fig. 5.Side view of Ilizarov fixator. 

u-*�*H � vw�
�xyz

? (1)                        

Where Fa = axial force = 250 N 

Tmotor = Motor torque required to rotate the nut with full 

distraction load 

Fig. 4. Illustration of automated Ilizarov distractor. 
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l = lead pitch = 1mm  

�1 = Efficiency of screw arrangement = 1 (assumed) 

From (1)we get Tmotor = 0.04Nmm required at the nut to take 

on the distraction load. Considering factor of safety as 

2,Tmotor= 0.0981Nm (1kg cmapprox.)  

It is necessary that the actuator module,comprising of 

electronics and mechanical partsto be mounted on the fixator 

ring set to achieve distraction.The design of actuator module 

should consider the issues viz. weight, size, power 

consumption etc.  

Ageared DC motor with a shaft encoder for feedback is 

selected for actuation by us. A secondary gearbox is 

designed to meet the necessary torque requirements with a 

worm and worm wheel pair. The geared DC motor selected 

generates a torque of 0.05Nm.The secondary gearbox is 

designed to account for the reminder of the torque 

requirement. 

For calculation of secondary gear ratio, torque required for 

distractionis calculated as follow.Distraction torque 

(Traise)from (2) required to unwind one revolution of thread, 

which will move the ring fixture up or down is determined. 

uHE6>, � vwD{
� 
�|x}D{>,A~xD{?9}�>,A~

(2)  

Where,Traise = Torque required from secondary gearbox. 

dm = Mean diameter of screw = 5.5mm, we have considered 

a standard screw used in Ilizarov fixator.  

Fa = Axial force = 250N 

Calculated value of Traise= 0.2012 Nm. Motor torque 

required is 0.0981 Nm.  

� = coefficient of friction = 0.2 where screw material is 

stainless steel and nut as brass.  

� = Thread angle of the screw = 30 � (0.52359 rad) 

�ehd?�hU5S � )Mw��X
){�]�M

 (3) 

The ratio of raising torque and the motor torque is 

calculated from (3) to find the secondary gear ratio required 

and is found out to be 2:1. 

Choice of using bigger gearbox, which produce required 

torque causes issues if it protrudes more on the limb side by 

constant contact to the limb leading to complications. In our 

design worm gear pair is preferred since it can deliver higher 

gear reduction in single stage, employs less volume when 

compared to other gear types. We are using a self-locking 

worm gear pair which has 10:1 reduction ratio, which serves 

the sole purpose of our motorized distraction. By the 

selection of worm and worm wheel arrangement the safety 

factor is increased to 5. 

In our design, we have kept screw stationary and worm 

gear itself acts as nut. The advantage in this kind of 

arrangement is that, there is no need for extra nut. The 

enclosure which is designed to fit the gearbox can handle the 

load, being compact and sturdy. This reduces any force that 

comes on motor shaft. 

B. Hardware Design 

The conceptual block diagram of the system is as shown in 

the Fig.6. Distraction osteogenesis for limb lengthening is 

carried out for over a period of 90 – 120 days depending on 

the overall length to be distracted. This requires a low power 

embedded system to be developed. An ultra-low power 

microcontroller from ST Microcontrollers (STM32L4) was 

selected for this purpose. The microcontroller features in-

built Real-Time-Clock, quadrature encoder interface, and 

1MB of built in flash memory. 

This microcontroller consumes 25mA in Run mode with 

the required peripherals such as timers, RTC, Flash Memory 

etc., turned on, and 1µA in low-power stand-by mode, which 

was practically tested with the lab setup.  

The selected motor has a dual channel three pulse per 

rotation magnetic encoder mounted on the shaft. The 

encoder is interfaced to the microcontroller in quadrature 

encoder mode therefore increasing the resolution by 4 times. 

This feedback is used to develop a closed loop control 

system. A PD control algorithm for position control is 

implemented in the microcontroller. Control system block 

diagram for PD control is as shown in the Fig.7. The control 

signal R�U�is calculated using the governing equation for PD 

given by (4). 

R�U� � me V��o� 
J?�e�J� V�J (4) 

Where, e is the error, �; and �D are proportional and 

differential gain respectively.  

Fig. 6. System Block diagram. 
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The 4 motors having rated voltage of 5V and Rated 

current of 120mA, are interfaced to the microcontroller 

through dual H-bridge drivers (L297D) which can deliver 

600mA per channel, enables efficient controlling of the 

motors. These drivers are separately powered from the 

battery via buck converter through a dual MOSFET switch 

which enables to completely cut-off power to the drive 

circuit, to prevent quiescent current, when microcontroller is 

in low-power stand-by mode. The buck converter converts 

the battery voltage of 7.2V to 5V and has current rating of 

1A. This also powers a Low-Drop-Out regulator which 

converts buck converter output of 5V to 3.3V, which powers 

microcontroller and other peripherals such as low-power 

Bluetooth, buzzer and encoder.  

The low power Bluetooth (HC-05) with rated voltage of 

3.3V and rated current of 40mA, is interfaced with the 

system and an application is developed for Android powered 

mobile phone, using which the doctor can set various 

parameters including rate of distraction, rhythm of 

distraction, total amount of distraction etc. The application 

also monitors the progress of the distraction procedure.  The 

progress of the distraction procedure is recorded in the on-

board flash memory. 

Based on the parameters set by the doctor, the system 

automatically wakes up from low power stand-by mode with 

the help of inbuilt real-time clock which is separately 

powered by a 3V button battery which wakes up the micro 

controller at regular time interval for motorised distraction. 

After distraction procedure, the system goes back to sleep 

mode reducing the power consumption.  

The system is equipped with an emergency stop button 

which when pressed,aborts the distraction process. Another 

button is provided for low power Bluetooth to pair with the 

android phone. The system also has a buzzer which is used 

to signal the user. 

Based on all the peripheral’s power requirement, an NiMH 

battery of 7.2V and 2200mAh is selected which can deliver 

power to the system for over 275 days. 

III. CONCLUSION 

Design and development of automated distractor Ilizarov 

apparatus has been discussed, with features of programming 

parameters, monitoring system, emergency stop.  It is user 

friendly, reduces human errors,efforts and can withstand 

higher torque required for the distraction. The electronic 

setup designed consumes less powerduring limb 

lengtheningmaking the overall system more efficient. 
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Fig. 7. Control system block diagram for PD control. 


