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Introduction. In contrast to adults, the reparative process in children with fractures has one essential feature: the
consolidation of bones tissue runs parallel to further growth and bone formation.

The aim of the study. To determine the frequency of growth changes of different segments of the lower extremities
in children, to determine the association of these types of fractures with age and/or method of treatment; to clarify
the indications for orthopedic correction or surgical treatment of these deformities in long-term perspective.
Material and methods. Between 2001 and 2014, 306 children with multiple fractures of the lower limbs were treated
in the Regional Clinical Emergency Hospital, Barnaul. Fifty six with femoral and tibial fractures of 306 children were
re-evaluated in 3-10 years for the long-term results of treatment.

Results and discussion. In the long-term follow-up period, the measuring of the contralateral lower limb segments (tibia
and femur) showed that 27 (44.3%) children had marked differences in their length. Three of them had shortening of
limb segment and 24 children had lengthening shortening of limb segment. Changes in the growth rate were observed
in fractures of the femur in 22 cases and in fractures of the tibia in 5 cases.

Conclusion. The frequency of limb segment elongation after surgical and conservative treatment was approximately
the same.

Keywords: treatment of fractures, osteosynthesis, fractures of the femur and tibia in children, limb shortening, limb
lengthening.
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Beegenne. B ormune oT B3pOC/IbIX, pellapaTUBHBII IPOLIECC Y AeTell P Iepe/ioMaxX MMeeT CYLIeCTBeHHYI0 0COOeH-
HOCTB: CpalljeHIe CJIOMaHHOI KOCTI y pebeHKa MPOUCXOAUT Ha (oHe ee [a/lbHENIIero pocTa U MepecTPONKIL.

Ienb mccenoBanms: BBIACHUTD, KaK 9aCTO M KaKMe CETMEHThI HVDKHMX KOHEYHOCTEN Y JIeTell MOBEP)KEeHbI V3MEHEHNAM
pocTa IoCTIe IepesioMOB; OIPeAe/NTh, OKasbIBAaeT /U BIVsHIE Ha 9TO THUII IepeioMa BO3PacT pebeHKa, CIocob edeHus;
YTOUYHUTD, TpeOyeTcsl U OpTOeANdecKas KOPPEeKLYs WIN XUPYPIrUIecKoe NedeHNe STUX HAPYIIeHNT B OTAA/ICHHOM IIepUOfie.
Marepuan u Mmetopst. B nepuop ¢ 2001 o 2014 r. B KI'BY3 «KpaeBast knnHndeckas 601bHAIA CKOPOIT MEIUIIVTHCKO
nmomomy» I. bapHayna mposefieHo nedeHue 306 meTeil ¢ IepenoMaMy HVDKHUX KOHEYHOCTEN IPY MHOXKEeCTBEHHON
U COYETAaHHOMN TpaBMe. VI3 HMX B OTJa/lleHHBIN Nepuof, B Cpoku oT 3 fo 10 ymeT, ocMOTpeHo 56 meTeli, MPOXOAMBIINX
CTaIMOHAPHOE JIeYeHe C IepesioMaMu Oefpa U rojIeHN.

PesynbraTel n ob6cykaeHne. B oTnaneHHOM INeprofie Ipu MSMEPEHUM IJIMHBI KOHTpalaTepalbHBIX CETMEHTOB HIDK-
HUX KOHeYHOCTell (romeun u 6empa) B 27 (44,3 %) caydasx OoTMEUYeHO pasiuyre B UX IjMHe. VI3 HUX B Tpex — YKO-
poOUeHNe CeTMEHTOB KOHEYHOCTell, B 24 — ymnuHeHue. VI3MeHeHue TeMIIOB POCTa OTMEYEHO IpK IepesioMax bexpa
B 22 cnmydasx, Ipu IepefoMax rOleHn — B 5 Caydasx.

3akmoueHne. YacTora yaIMHEHMIT CETMEHTOB HIDKHE! KOHEYHOCTM IIOC/Ie HepeIoMOB Oefpa ¥ TONeHN y HeTel Co-
craBisieT 42,3 %, Bblllle Py HepeIoMax OefpeHHOT KOCTU U He 3aBMCUT OT BU/IA IPOBOAMBILETOCS JIEUEHUSL.

KnroueBble cnoBa: jedeHye IEPEIOMOB, OCTEOCHHTES, IIEPENOMBL Oefpa 1 TOJIeHN Y [ieTell, pa3sHOBEMKOCTh HIDKHMX
KOHEYHOCTEIA.
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Introduction

Unlike adults, the reparative process in pediatric
patients with fractures occurs when the children
are actively growing. As a consequence, various
abnormalities in the growth and development of
bones may occur, following fractures in pediatric
patients, which can either decline or escalate the
growth of the affected bone, leading to segment
shortening or elongation, respectively. It is
considered that the shortening of various bone
segments in the extremities, following fractures
in pediatric patients, occurs mostly when the
epiphyseal growth plates are damaged, while
elongation results from the stimulatory effect of
reparative processes upon a damaged bone.

While the reasons for bone shortening are not
yet discussed among researchers, there are clear
differences in opinion considering those resulting
in bone elongation. Some authors believe that the
main reason for accelerated growth is the treatment
method used, in particular, the hyperextension of
fragments during skeletal traction [1, 2]. Others,
on the contrary, believe that bone elongation is
associated with multiple closed manipulations or
surgical interventions within the fracture zone
[3, 4]. Nevertheless, there is still no convincing
scientific evidence to support this point of view
[5].

Following a review of the existing literature, we
found only a limited number of studies devoted
to the topic of bone growth disorders following
the treatment of fractures in pediatric patients.
The lower extremities of a human represent a
closed biokinematic chain; changes in one link
will inevitably lead to a reaction across the entire
musculoskeletal system. Naturally, the growth
disorders in one segment will result in general
disorders in the function of support and motion
[6].

This study aimed to: determine the segments
of the lower extremities in pediatric patients that
are subject to changes in growth, and for how long
after fracture; determine whether the age of a child
or the method of treatment affects this type of
fracture; and clarify whether orthopedic correction
or surgical treatment of these disorders is required
in the long-term.

Material and methods

Between 2001 and 2014, 306 pediatric patients
with fractures of the lower extremities, with multiple
and concomitant injuries, were treated at the
Regional Clinical Hospital of Emergency Medical
Care in Barnaul, a krai government-owned and
publicly-funded health care institution. Of these,
56 pediatric patients who underwent in-patient
treatment for fractures of the thigh and lower leg
were examined in the long-term period, from 3 to
10 years.

Both conservative and surgical methods were
used for treatment. In the absence of fragment
displacement, stable fractures, and after a single-step
manual reposition, the preferred method was plaster
immobilization. In the presence of displacements
where we could not use single-step repositioning or
plaster cast retainment, we used alternative methods
such as skeletal traction, external fixation devices
(EFD), and internal osteosynthesis.

For external osteosynthesis, we used EFDs
manufactured by the Experimental Plant of the
Academician G.A. Ilizarov Russian Research Center
“Restorative Traumatology and Orthopedics.” For
internal osteosynthesis, we used products from
Synthes (Switzerland), such as intramedullary
locking rods, titanium elastic nails (TEN), angle
stable plate (LCP), and cannulated screws. Following
osteosynthesis, we did not perform external
immobilization with plaster casts.

During hospital treatment and after repositioning
the fragments and fixing the fragments of the
damaged bone, we measured the lengths of the
segments in the lower extremities. All pediatric
patients treated for fractures of the lower extremities
were observed for 1 year, and even longer.
Observations were carried out in the readmission
office at the hospital; we also measured the length
of the lower extremities and ordered restorative
treatment if required.

All patients were recalled for examination
within a 3 year period after injury. Of the total
cases of patients treated, 56 patients were identified
with 61 fractures of long tubular bones in the lower
extremities. The patients, or their representatives,
voluntarily signed informed consent forms in order
to participate in the study. Three groups were formed:
Group 1 included patients whose primary and final
treatment method was osteosynthesis with EFD
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(11 pediatric patients), Group 2 included patients
treated with internal fixation methods (35 pediatric
patients), while Group 3 included patients treated
with conservative methods (10 pediatric patients).

During the repeated examination, we measured
the length of the lower extremities in all patients
with a measuring tape fixed to a device known as
a Zuccarelli “leg-meter” type. When different sizes
were identified, we carried out an X-ray study of the
lower extremities using the full-leg full-spine rack.
We used the Pediatric Comprehensive Classification
of Long-Bone Fractures (PCCF) system to determine
the severity of fracture localization [7].

Data was analyzed by creating a frequency dia-
gram. The median of the series and the interquantile
range (25th and 75th percentiles) were determined.
To evaluate the statistical significance of differences,
we calculated the y2 criterion with Yates’ correction
and the Bonferroni method was used for multiple
comparisons. While testing the null hypotheses, the
critical significance level of the differences was as-
sumed to be less than 0.05 [8].

Results and discussion

Table 1 indicates the number of fractures and
their localization across different groups of pediat-
ric patients. The total number of hip fractures was
more than twice that of lower leg fractures. The ratio
of thigh to lower leg fractures within the different
groups was 2:1, 3:1, and 3:2 for Groups 1, 2, and 3,
respectively. This indirectly indicated a more severe
case of patients in Group 1 and Group 2. Addition-
ally, half of the patients in Group 1 had multiseg-
mental fractures of the lower extremities, which also
indicated the severity of the trauma involved. Never-

theless, these samples were representative; there were
statistically significant differences in the number of
patients and fractures between groups (p > 0.05).

In the long-term, we noted differences in terms of
length measurements of the contralateral segments
of the lower extremities (lower leg and thigh) in
27 (44.3%) cases out of the 56 patients examined.
In 3 of these cases, shortening of segments in
the extremities was observed, while in 24 cases,
we observed elongation. Changes in growth rates
were noted with thigh fractures in 22 cases, and in
5 cases involving lower leg fractures.

Table 2 indicates the distribution of patients
across groups in terms of segment shortening in
the lower extremities. In the long-term, two patients
showed shortening of the thigh, and one patient
showed shortening of the lower leg. All cases
involving shortening were seen in pediatric patients
who had been treated surgically; Group 1 included
two patients, whereas Group 2 included only one
patient. One of the patients from Group 1 had a
shortening of 2 cm following an open multifragment
fracture of the distal epiphyseal cartilage of the thigh
(33-E/2.2). The second patient from Group 1 had a
shortening of 1 cm following an open multifragment
fracture of both bones of the lower leg (41-E/2.2) in
the proximal region. The patient in Group 2 had a
shortening of 1 cm following complete intraarticular
fracture of the distal epiphysial cartilage of the
thigh with a transition to the diaphysis (33-E/4.2),
after osteosynthesis with a nail DFN. In all cases,
the shortening of the extremity segment was not
clinically significant; patients were able to use
ordinary footwear, and the changes in extremity
length did not require correction by orthopedic
footwear, insoles, or other orthopedic products.

Table 1
Localization of fractures in the long bones of the lower extremities across different patient groups
Localization of fracture Group 1 (n = 11) Group 2 (n = 35) Group 3 (n = 10) Total (n = 56)
Thigh 10* (66.7 %) 27* (77.1 %) 6* (60 %) 43* (70.5 %)
Lower leg bones 5% (33.3* %) 8% (22.9 %) 4* (40 %) 17% (29.5 %)
Total 15* (100 %) 36* (100 %) 10* (100 %) 61* (100 %)
Note: *the number of bone fractures within groups
Table 2
Shortening of segments in the lower extremities across different patient groups
Extremity segment Group 1 (n* = 15) Group 2 (n = 35) Group 3 (n = 10) Total
Thigh 1 1 - 2
Lower leg 1 - - 1
Total 2 1 - 3

Note: n* represents the number of thigh and lower leg fractures
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Within 1 year of trauma, shortening was
observed in one patient from Group 1 with an open
multifragment fracture of both bones of the lower
leg (41-E/2.2) due to a posttraumatic defect of the
shinbone. All patients with extremity shortening
were adolescents belonging to the older age group
(15-18 years) at the time of fracture. These patients
were reexamined 7, 8, and 10 years after injury. At
the time of examination, all epiphyseal plates within
the growth zones of the lower extremities were
completely closed.

Table 3 indicates the distribution of patients
across groups in terms of segment elongation in
the lower extremities. Elongation was observed in
24 segments: 60% of these were found in patients
from Group 1, 34.3% in patients from Group 2,
and 60% of patients from Group 3. Elongation of
the thigh was noted more frequently (46.5%) than
that of the lower leg (23.5%). There was no statisti-
cal significance in the frequency of elongations in
different segments when compared between groups

(p > 0.1). In general, elongation of the lower ex-
tremities was observed in patients with diaphyseal
fractures of the thigh and lower leg bones, such as
32-D/4.1, 32-D/5.1, 32-D/5.2, 42-D/4.1, 42-D/5.1,
and 42-D/5.2. Within 1 year of trauma, and after
consolidation completion, elongation was noted in
two cases from Group 3 with fractures of the thigh,
treated by skeletal traction. In 22 cases, elongation
of an extremity segment was detected for a longer
time period after injury, ranging from 3 to 7 years.
All patients with elongation of the extremities at the
time of fracture were classified in either the younger
or middle age group (from 3 to 12 years of age).

Table 4 indicates the frequency and magnitude
of elongation in the segments of the lower
extremities (cm). Most of these elongations reached
2 cm (62.5% of cases), those that reached 1 cm were
scarce (29.2%), and elongations longer than 2 cm
were rarely observed (8.3%). Notably, in fractures of
the lower leg bones, the elongation was less than or
equal to 1 cm in most cases.

Table 3
Frequency of segment elongation in the lower extremities across different patient groups
. Group 1 Group 2 Group 3 Total
Extremity segment (n* = 10/5) (n* = 27/8) (n* = 6/4) (n* = 43/17)
Thigh 5 (50%) 10 (37%) 5 (83.3%) 20 (46.5%)
Lower leg 1 (20%) 2 (25%) 1 (25%) 4 (23.5%)
Total 6 (60%) 12 (34.3%) 6 (60%) 24 (40%)

Note: n* represents the number of thigh fractures within each group, the denominator represents the number of lower leg fractures.

Table 4
The length of elongation in segments of the lower extremities
Extremity segment Up to 1.0 cm Up to 2.0 cm Over 2.0 cm
Thigh 4 (20%) 14 (70%) 2 (10%)
Lower leg 3 (75%) 1 (25%) -
Total 7 (29.2%) 15 (62.5%) 2 (8.3%)
Table 5
Frequency of segment elongation in the lower extremities depending upon treatment method
in patients across different groups
Method of treatment Fracture of thigh Fracture of lower leg bones Total
Osteosynthesis with EFD 5 (20.8 %) 1 (4.2 %) 6 (25 %)
Osteosynthesis with TEN 5 (20.8 %) 1 (4.2 %) 6 (25 %)
Bio-Oss 4 (16.6 %) 1 (42 %) 5 (20.8 %)
Osteosynthesis with LCP plates 1 (4.2 %) - 1 (4.2 %)
Osteosynthesis with screw with a channel - - -
Skeletal traction 4 (16.6 %) 1 (4.2 %) 5 (20.8 %)
Plaster cast 1 (4.2 %) - 1 (4.2 %)
Total 20 (83.2 %) 4 (16.8 %) 24 (100 %)
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As shown in Table 5, the frequency of elonga-
tions was quite similar for both surgical and con-
servative methods of treatment and did not differ
significantly (p > 0.1).

The frequency of elongation in extremity
segments depending upon patient age is shown in
Table 6.

Table 6
Frequency of elongation in segments of the lower extremities across different age groups
1-3 years 4-7 years | 8-11 years | 12-14 years | 15-17 years Total

Total with fracture of the thigh 3 14 10 5 11 43
Sub-group showing elongation

of the thigh (%) 3 (100 %) | 6 (42.8 %) 7 (70 %) 2 (40 %) 2 (182 %) | 20 (46.5 %)
Fracture of the lower leg bones 3 5 2 4 4 18
Sub-group showing elongation

of the Tower leg (%) 1(333%) | 1(20%) 1 (50 %) 1 (25 %) 0 (0 %) 4 (222 %)

As shown in Table 6, the most frequent
elongation was observed in pediatric patients of
the early age groups, in particular, preschool and
primary school age, during periods of intensive
growth. Moreover, among the pediatric patients
examined over the long-term period, all patients in
the younger age group showed elongation of various
segments. In the adolescent group, however, the
percentage ratio of thigh elongation to the number
of fractures was relatively small and amounted to
only 18.2%.

In most cases, elongation of the extremities was
not clinically significant and the pediatric patients
were able to use ordinary shoes. Only two patients,
were required to use insoles in ordinary shoes
while walking; this applied to patients with a size
difference in the lower extremities of slightly greater
than 2 cm.

Thus, the shortening of segments in the lower
extremities over a long period of time mostly
occurred with metaepiphysial fractures and was the
result of damage to the epiphyseal growth plates.
Elongation, however, was caused by the general
reaction of the body to reparative regeneration of
the broken bone, which developed predominantly
in pediatric patients of younger age groups.

Conclusion

The disorders of growth rate in the lower
extremities in the cases of fractures in pediatric
patients were seen in 27 (44.3%) cases, and the
majority of these involved elongations owing to
fractures of the thigh. More often, shortening of
segments in the lower extremities developed after
epimetaphyseal fractures, which intersected the

epiphyseal growth plate. In contrast, elongation of
the extremities developed following fractures of the
diaphysis. Shortening of extremity segments was
observed in adolescents (15-18 years old), while
elongation was noted in patients of preschool and
primary school age (4-11 years). The frequency
of elongation in extremity segments in groups
of patients receiving surgical and conservative
treatment was approximately the same. Over the
long-term period and in patients with different
sizes of segments in the lower extremities following
growth termination, corrective methods using
orthopedic products were only required in cases
where the difference in length was 2.0 cm or more.
None of our patients required surgical treatment for
different leg sizes.
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