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Abstract
Introduction Limb length discrepancy (LLD) can be debilitating and may cause other medical and social 
problems. LLD is a serious physical condition and have a significant impact on the patient's quality of life 
changing the gait, forming pathological adaptive mechanisms and causing long-term musculoskeletal 
disturbances in children.

The objective was to analyze the evolution of tactical approaches to the rehabilitation of patients with lower 
limb length inequality.

Material and methods The original literature search was conducted on key resources including Scientific 
Electronic Library (www.elibrary.ru) and the National Library of Medicine (www.pubmed.org). Literature 
searches included both Russian and English studies. The search strategy was comprised of keywords: lower 
limbs, limb length inequality, approaches and means of limb length correction, osteosynthesis. Clinical 
guidelines, clinical recommendations, systematic reviews, randomized controlled trials and multicenter 
cohort studies were selected for analysis.

Results and discussion Normal individuals can often experience a difference in the length of the lower 
limbs from several mm to 1.5 cm and have no effect on the gait, condition of adjacent joints and joints 
of the opposite limb. Some authors report inequality of 5 mm leading to orthopaedic pathology. A variety 
of  conservative and  surgical treatments are offered for limb length equalization. Elimination of LLD is 
a  common and  unresolved medical problem. Conservative treatment of LLD can be considered as one 
of  the  stages of rehabilitation. Some patients can benefit from conservative treatments. Alternatively, 
surgical equalization is a treatment option for patients with LLD.

Conclusion Surgical methods offered earlier to address LLD had disadvantages, which ultimately minimized 
their use, and orthopaedic surgeons abandoned some of them due to the high risk of severe complications. 
The device and the technique developed by Dr. Ilizarov in the 50s of the last century was an epoch-making 
event in the elimination of LLD and are constantly being improved.
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INTRODUCTION

Limb length discrepancy (LLD) can be debilitating and may cause other medical and social 
problems. LLD is a serious physical condition and have a significant impact on the patient's 
quality of life changing the gait, forming pathological adaptive mechanisms and causing long-
term musculoskeletal disturbances in children. The pathology is often progressive and causes 
secondary deformities of the spine, pelvis, adjacent joints and joints of the opposite limb, which is 
accompanied by impaired biomechanical conditions for their functioning and overload. LLD causes 
persistent scoliotic deformities, pelvic and lumbodynia, disc herniations, cervicalgia, chronic fatigue 
and discomfort which are caused by constant mechanical overload of the musculoskeletal system 
as a result of suboptimal body statics [1, 2]. LLD worsens the quality of life of patients: it limits 
motor activity, reduces communication capabilities, complicates the educational process, the choice 
of profession, and often becomes a problem for starting a family [3]. Progression of LLD can lead 
to disability in patients with post-traumatic conditions and hemihypertrophy [4–8]. The presence 
of  an  orthopaedic defect in LLD patients (consequences of injury and hemihypertrophy) leads 
to  negative self-esteem and personality isolation. This provokes the  development of  depressive 
disorders and can aggravate orthopaedic problems over time with the appearance of social 
maladjustment and social phobia. The  combination of the above components of LLD leads 
to a pronounced regression in the quality of life of the patient and his/her immediate environment. 
In recent years, there has been an increase in the number of patients with LLD requiring its elimination. 
This circumstance can be associated with improved orthopaedic diagnosis and increased availability 
of highly specialized medical care [9–21].

The objective was to analyze the evolution of tactical approaches to the rehabilitation of patients 
with lower limb length inequality.

MATERIAL AND METHODS

The original literature search was conducted on key resources including Scientific Electronic Library 
(www.elibrary.ru) and the National Library of Medicine (www.pubmed.org). Literature searches 
included both Russian and English studies. The search strategy was comprised of keywords: lower 
limbs, limb length inequality, approaches and means of limb length correction, osteosynthesis. 
Clinical guidelines, clinical recommendations, systematic reviews, randomized controlled trials 
and multicenter cohort studies were selected for analysis. Exclusion criteria invluded experimental 
and  case studies, observations, reports, clinical cases, uncontrolled cohort studies. 195 articles 
that met the inclusion criteria were reviewed, 64 publications were explored with 9 between 2016 
and 2021, 15 articles were published within 10 years, 40 articles were published more than 10 years 
ago, one of them was published about a hundred years ago and was the starting point of the research.

RESULTS AND DISCUSSION

Upright walking can suggest the presence of a slight difference in the length of the lower limbs 
with a longer leg having greater functional loading, leads to the development of the following process: 
a leg that has a greater length has a greater functional load, being engaged in greater performance, 
receiving more nutrition due to increased blood flow and growing faster. A leg with  a  shorter 
functional length experiences less loading, less performance, receiving less nutrition due to  less 
intense blood supply than the opposite limb and, as a result, it grows more slower. The  process 
occurring in opposite directions would result in relative LLD with age [22].

One more orthopaedic feature of the human population requires no use of any orthopaedic products 
or surgical treatment, and the authors treat this condition as normal: normal individuals may have 
a  difference in the length of the lower limbs from several mm to 1.5 cm, which does not affect 
the  gait and condition of adjacent joints and joints of the opposite limb [2]. Rush and Steiner 
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reported the  length of the lower limbs measured from radiographs of 1,000 military personnel 
discharged from the army. Identical leg length was established in 23 % of cases; asymmetrical length 
of the lower limbs was observed in 77 % of those examined [20].

Similar data were reported by Kovaleva et al. who noted different leg length in 40–90 % 
of  the  population [1]. Some authors reported gait disturbances even with a difference in leg 
length of about 1.5 cm. However, most orthopaedic surgeons agree with the opinion of Marx, who 
established gait disturbance with the difference in leg length of greater than 2 cm, and shortening 
of 1 to 2 cm causing no lameness being compensated by adaptive mechanisms [4, 23–34]. The use 
of orthopaedic shoes cannot compensate for shortening completely and satisfy patients. Impaired 
biomechanics of the limb, the patient’s dependence on prosthetic manufacturing, psychophysical 
discomfort associated with wearing orthoses and orthopaedic shoes, and cosmetic defects force 
patients to seek surgical help [35].

Only 10 % of the population have the same length of the lower extremities, and 90 % of the population 
has a LLD of up to 1.0 cm. Moreover, pathology of the large joints of the lower extremities is noted 
in many patients with LLD of greater than 5 mm. Modern authors agree with the opinion of Marks 
that LLD greater than 2.0 cm are often a problem, but there is evidence that LLD of 5 mm can lead 
to orthopaedic pathology [36]. Khamis and Carmeli came to similar conclusions [37]. They examined 
the clinical role of LLD and found a significant association between anatomical LLD and gait 
disturbance. The data obtained indicated that deviations in the gait can occur even with a length 
inequality of more than 1 cm, and the severity correlated with an increase in leg length inequality. 
Different techniques have been offered by orthopaedic surgeons to eliminate LLD and depended 
on the general level of development of medicine and orthopaedics, in particular and on the doctor’s 
own preferences.

For example, in the pre-surgical era, doctors tried to conservatively stimulate limb growth “tapping” 
the heel of the short limb. At the beginning of the last century, it was a tourniquet that was applied 
at  the  level of the proximal metaphysis of the leg to create venous stasis lasting 30 minutes. 
With the tourniquet removed active hyperemia of the limb occurred stimulating physeal function. 
The procedure had to be repeated daily for a long time until the end of the patient’s natural growth. 
Autologous blood to be introduced into the knee cavity was used to stimulate the growth of a short 
leg in an attempt to stimulate the growth zones by exposing them to ultraviolet and ultrashort rays. 
Iodine growth stimulation technique of a short lower limb suggested the use of iodine tincture 
to the skin of the knee joint to ensure increased blood flow in the underlying tissues and improve 
physeal function [23, 39].

Conservative treatments using insoles, prosthesis, orthosis are still applied to address LLD. However, 
their long-term use may fail to compensate for biomechanical disorders [40]. Campbell  et  al. 
reported low-quality evidence that shoe lifts reduce pain and improve function in patients with LLD 
and  common painful musculoskeletal conditions [41]. Iv. Cahanin et al. reported conflicting 
evidence on the relevance of LLI and conservative treatment options, the associated material costs 
and concluded that they may be unnecessary and potentially harmful in short-term [42].

In addition to conservative methods, attempts were made to surgically stimulate the growth zones 
of  the short segment. For example, some surgeons offered a longitudinal osteotomy of the tibia 
or cortical bone perforation near the epiphysis. In other cases, the so-called “biogenic stimulation” 
was used in some cases by placing a bouillon bone pin into the distal femoral metaphysis, proximal 
tibial metaphysis or greater trochanter. These methods caused aseptic inflammation and increased 
local circulation near the physis enhancing the function [39, 43, 44]. All of the above measures did 
not produce the results expected and could only be used in children. This circumstance stimulated 
orthopaedic surgeons to look for more effective ways to solve the problem.
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New methods of surgical compensation for LLD have been proposed to include acute bone 
lengthening or shortening to be followed by immobilization of the limb, compression-distraction 
osteosynthesis (external, combined and internal osteosynthesis) and operations on growth zones 
(temporary or permanent epiphysiodesis) [23, 25, 39, 43]. Shortening osteotomies have used 
by orthopaedic surgeons for a long time, and some surgeons, although much less frequently, still 
use them. It is generally accepted that the maximum acute surgical shortening of the femur can be 
5–6 cm, while that of the tibia can be not greater than 3 cm. This type of osteotomy allows for acute 
elimination of LLD and can be traumatic in terms of surgical technique and controversial in terms 
of justification for its use. The main disadvantage of limb shortening techniques in eliminating LLD 
is that the procedure is performed for a healthy segment and has been shown to be a rare surgical 
intervention used by orthopaedic surgeons [6, 23, 45].

An acute lengthening osteotomy was first used for an orthopaedic case by the Russian surgeon 
Dmitriev in 1891. He performed a Z-shaped lengthening osteotomy of the femur followed 
by  immobilization. However, the method has not found wide application due to the limited 
elongation capabilities  [37, 38]. Abbott and Malakhov reported many cases of lower limb 
lengthening at the beginning of the twentieth century [23, 43]. In 1923, Bier reported his experience 
of limb lengthening in seven patients. In 1929, Jones and Lovett reported femur lengthening of 6 
to 10 cm. In 1937, Bogoraz first reported his attempt in Russia to rapidly increase growth that was 
associated with to a high level of complexity of the treatment process and high rate of postoperative 
complications [23, 43]. It is generally accepted that the type of osteotomy can affect osteoregeneration, 
creating different conditions for  the  callus. Oblique or Z-shaped bone osteotomies can provide 
optimal conditions for regeneration with the length of the osteotomy exceeding the expected 
length gain by 2 to 5 cm. Complicated bone osteotomies (polygonal and differently shaped) which 
were difficult to perform and highly traumatic were initiated to improve the spatial orientation 
of bone fragments, which would affect the strength of the callus. More than 40 different techniques 
of  osteotomy were offered, including a number of stepped and “tongue-shaped” ones, and were 
mainly used by the authors [4, 32, 39, 46]. We encountered conflicting data on the determining 
influence of osteotomies on the formation of a distraction regenerate. Researchers justify 
the merits of the osteotomy they use based on personal preferences, established national traditions 
and  orthopaedic schools. Nahm, Boyce Nichols, reported percutaneous osteotomy for pediatric 
cases as low-energy and circulation‑preserving showing benefits and indications for various types 
of osteotomies, including multihole drill hole osteotomy, corticotomy, and Gigli saw osteotomy. 
However, the authors believe that some types of osteotomies are technically difficult and should be 
performed only by experienced surgeons [47]. The authors suggest that some types of osteotomies 
are technically demanding and should be performed by experienced surgeons [47].

The rate of acute lengthening and its relationship with the complication rate deserves special 
attention. Burnei et al. reported the analysis of their 25-year clinic's experience with the amount 
of lengthening per segment varying between 3 and 17 cm, the longest staged lengthening measuring 
20 cm, in two stages, and the greatest overall lengthening being 25 cm for an entire lower limb. 
The authors concluded that limb lengthening procedures up to 5 cm le d to rapid consolidation 
of  the distraction regenerate and minimal complications. Lengthenings exceeding 5 cm required 
a  good psychological preparation and careful monitoring. In lengthenings more than 10 cm, 
a  faster rate of  consolidation requires a  double corticotomy, the  use of intramedullary fixation 
and  the  immobilization of adjacent joints. The authors suggested that good results in restoring 
LLD could be achieved using an Ilizarov external fixator, and temporary epiphysiodesis at the age 
of 10–12 years was the least aggressive and quite effective method of treatment. Limb shortening 
by segmental resection should become ‘obsolete’ [48].

Poor outcomes of one-stage correction of lower limb length inequality forced orthopaedic surgeons 
to look for more advanced ways to achieve results, which are based on a gradual tensile effect 
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on osteotomized bone fragments. The earliest surgical methods of limb lengthening suggested 
“stretching” the limb through the bone osteotomy and subsequent skeletal traction on its distal 
fragment by using a load of 15–20 kg in adult patients.

The operations were also not widely used due to high morbidity, unstable bone fixation and high 
complication rate that prevented from achieving a length gain. The long-term hypomobility 
of  the patient was an important factor with this lengthening technique since the individual was 
bedridden in a forced position for a long time [5, 23, 39, 43, 44].

Skeletal traction for lengthening lower limb segments was replaced by distraction devices that amounted 
to more than 1000. The devices can be divided into seven types: mono- and bilateral devices, arched 
(sectoral) and semicircular, circular and combined (hybrid) devices, intramedullary distractors. 
Of the many devices offered, the external fixation device developed by the Soviet doctor G.A. Ilizarov 
in the 50s of the  last century has become the most widely-used fixators in the world. G.A. Ilizarov 
developed a fundamentally new method of treating orthopaedic and trauma patients. The Ilizarov 
method is based on the natural physiological factors arising in  the  tissues of  the  operated limb 
in response to directionally created distraction or compression stress. Maintaining forces in the device 
for the required period of time provides the possibility of dosed correction of the segment, including 
restoration of the length and biomechanical axis [7, 38, 45, 49]. Osteosynthesis with  the  Ilizarov 
apparatus allows you to control the distraction process, lengthen and correct multiplanar deformities 
at the same time. Many modern authors suggest that the Ilizarov method provides comprehensive 
solution of the problems associated with shortening and deformities of the lower extremities, despite 
the difficulties of its application [20, 25, 26, 39, 45, 50–56]. The Ilizarov bone lengthening suggests 
stable fixation of the “segment-apparatus” system; preservation of osteogenic tissues and blood supply 
in the segment being lengthened; adherence to LL protocol; control of correction efforts and functional 
load of the operated limb; maintaining a harmonious general somatic balance in the “patient-device” 
system throughout the entire period of osteosynthesis [4, 5, 25, 46, 57–61].

The problem of limb length correction, according to the available literature, has almost a century‑long 
history and has undergone many evolutionary improvements. Each of the methods offered 
involved either certain modifications of existing approaches, or the use of new methodological 
and  technological techniques and devices, and both had certain advantages and disadvantages. 
However, all the technologies proposed in the “pre-Ilizarov” era did not have universality to be widely 
used in clinical practice for solving specific clinical problems. Ilizarov’s methodology, which is based 
on natural biological processes and regularities facilitated optimal conditions for tissue regeneration 
during elongation, and construction design and modifications of the apparatus ensure stability 
throughout the entire time required for the organotypic restructuring of newly formed tissues. 
Therefore, we can conclude that the Ilizarov method of transosseous osteosynthesis has shown to be 
the most effective technique for limb length equalization among global orthopaedic technology.

CONCLUSION

The evolution of limb lengthening is associated with a long history of research, struggle 
for  the  new techniques, improvements and continuous training, and the elimination of LLD 
remains a  challenging issue in orthopaedic surgery when coupled with multiplanar deformity 
correction. Conservative treatment of LLD can be considered as a stage of rehabilitation 
and a variety of conservative modalities for LLD may fail to result in a good outcome, and surgical 
treatment is the priority in solving the problem. The Ilizarov apparatus and method developed 
in the 50s of the last century were an epoch-making event in the elimination of LLD and are being 
constantly improved.
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