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Purpose To study the dynamics of tibial cortical plate density during treatment of tibial fractures with transosseous 
osteosynthesis using computed tomography Material and methods Multislice computed tomography was used to study 
the density of the cortical plate in 35 patients with closed tibial fractures managed with Ilizarov fixation at various stages 
of treatment. The results showed that the density of the cortical plate of the intact tibia in patients with tibial fractures had 
topographic differences. It was greater in the diaphysis region that in the metaphysis (p < 0.01). Total density values of 
the cortical plate differed from the indices in the middle zone, in the lateral and medial parts. The density of the cortical 
plate in patients with tibial fractures decreased both in the intact and in the injured limb during treatment, but fluctuations 
of density did not exceed 150-200 HU. Conclusion The method of multislice computed tomography enables a dynamic 
study of cortical plate density and degree of its restructuring during treatment of fractures to solve the issue of fixation and 
rehabilitation period duration.
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INTRODUCTION

Fractures of the lower leg bones are among the 
most common limb injuries. They comprise from 20 
to 37.3 % in the structure of the total of fractures of 
all locations and up to 60 % of fractures of tubular 
bones [1-5]. Among the fractures of both bones of the 
lower leg, the most frequent are spiral fractures on the 
border of the middle and lower thirds. Treatment of 
fractures of the distal part of the lower leg is still quite 
a difficult task, which is due to both the severity of 
the injury itself and possible errors in diagnosis and 
treatment, which results in a long period of working 
incapability, and in some cases, disability [2, 6-8]. 
An important issue in the treatment of fractures of 
the lower leg bones is the cost of their treatment. 
According to American authors, the expenditures 
range from 3,400 to 5,300 US dollars depending on 
the treatment method while the financial costs for the 
society range from 12,500 to 17,300 USD [2, 9].

Multi-position radiography is the main method for 
diagnosing fractures of the lower leg bones and their 

union [10-13]. However, radiography is not sufficient in 
examination of the fractures in the proximal or distal part 
of the tibia and control of their repair with transosseous 
osteosynthesis. Therefore, various imaging techniques 
are used such as ultrasound, MRI, MSCT [11, 14-18].

The union of lower leg fractures may differ in the 
type of prevailing bone callus (periosteal, endostal, 
intermediary), time of its remodeling and assimilation 
with bone cortex (cortical plate), the strength of 
which is the main criterion in assessing the degree 
of fracture union by fixation with different methods. 
The most objective criterion for assessing the state 
of the cortical plate is its density and three-zonal 
structure, determined with the method of computed 
tomography [19-21].

The purpose of the study was to evaluate the 
density of the cortical plate in patients with closed 
fractures of the lower leg bones in the intact and 
injured extremity which was fixed with the Ilizarov 
apparatus at various stages of treatment.

MATERIAL AND METHODS

The computed tomography (CT) and multislice 
computed tomography (MSCT) was used in 35 patients 
aged 25 to 50 years with closed oblique and transverse 
fractures of the lower leg bones in the middle third and 

at the border with the lower third. There were 25 males 
and 10 females. MSCT studies were performed with 
the scanners Siemens Somatom AR-HP, GE Light 
Speed VCT and Toshiba Scanner Aquilion-64. The 
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data were processed with the main CT console or with 
the help of MMS LEONARDO. In axial sections, 
the total and local density of the cortical plate of the 
intact and injured tibia was measured at different levels 
before treatment (Fig. 1). The total and local density of 
the cortical plate was determined after 28-30 days of 
fixation, after the dismantling of the apparatus and at 
long term in all patients (Fig. 1).

The study was carried out in accordance with the 
ethical standards of the Helsinki Declaration of the 
World Medical Association as amended by the ministry 
of health of the Russian Federation. It was approved 
by the Ethical Committee of the RISC for RTO of 
the ministry of health of the Russian Federation. All 
patients signed informed consent for the publication of 
scientific findings without their identification.

Fig. 1 MSCT of the tibia in a patient with a closed fracture of the tibia; axial slice; measurements of the total density of the 
cortical plate along the anterior and posterior surfaces of the tibia (a) and local density of the layer of the internal plates of the 
cortical plate along the posterior surface of the tibia (b)

RESULTS

Differences in density of the cortical plate of the 
metaphysis and diaphysis both in the intact limb and in 
the damaged one were revealed in patients with closed 
fractures of the diaphysis of the lower leg bones. In the 
anterior metaphysis, the density of the cortical plate at 
the level of the tibial tuberosity was lower than on the 
posterior surface, and differed by 661.89 ± 67.21 HU 
(p < 0.001) (Fig. 2).

Fig. 2 Diagram of the cortical plate density along the 
anterior and posterior surfaces in the metaphysis of the 
intact tibia in patients with fractures of the lower leg bones

Fig. 3 MSCT of the lower leg of the patient with a 
fracture of the tibia: axial section at the metaphysis level. 
The density of the tibial cortex on the anterior surface 
is 710.0 ± 67.1 HU (point 5), on the posterior one – 
1211.2 ± 262.2 HU (point 4)

Figure 3 shows the axial section of the tibia at 
the metaphysis level the with cortical plate density 
measurements on the anterior and posterior surfaces.

In the area of diaphysis, the differences in the total 
density of the cortical plate along the anterior and 
posterior surfaces were unreliable.

There was a significant increase in the density of 
the cortical plate along the bone from the metaphysis in 
the distal direction. All the patients showed an increase 
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Fig. 4 Diagram of the cortical plate density in the 
metaphyseal and diaphyseal parts of intact tibia in 
patients with closed fractures of the lower leg bones 
(points 1-4 – metaphysis, 5 – at the border with diaphysis, 
6-9 – upper third of the diaphysis, 10-13 – middle third 
of the diaphysis)

Fig. 5 Diagram of the cortical plate local density of the 
intact tibia

in the density of the cortex in the distal direction when 
measuring it on the MPR in the sagittal plane. The 
maximum values (1681.25 ± 33.19 HU) were in the 
middle third of the diaphysis (Fig. 4).

Measurement of the local density of the cortical 
osteon layer in the injured and intact tibias showed a 
significant difference from the density of the cortex 
inner and outer layers (Fig. 5).

Table 1 presents quantitative indices of the density 
of different cortical bone layers of the tibia in the 
intact limb.

Table 1
Density of the cortical bone layers in the tibial diaphysis 

of the intact limb in patients with lower leg fractures (HU)

Area of measurments M ± σ
Layer of external plates 1378.84 ± 186.97
Osteon layer 1724.541 ± 117.38
Layer of internal plates 1288.43 ± 151.51

1 – p < 0.05 difference in density of the osteon layer from the 
layers of internal and external plates

Moreover, there was a significant difference in 
the density of the osteon layer along the anterior and 

posterior surfaces of the cortical plate at the level of the 
diaphysis (p < 0.05) (Fig. 6).

Fig. 6 Diagram of the density of the cortical bone osteon 
layer at the level of the tibial diaphysis on the anterior and 
posterior surfaces of the intact limb

The density of the inner and outer layers of the 
anterior and posterior surfaces differed; however, 
these differences were unreliable.

After completion of fixation, the density of the 
cortical plate of the injured limb was different from 
the intact one, which was especially evident in the 
density of the osteon layer. However, even at a 
distance of 1.5 cm from the fracture line, the density 
of the osteon layer of the cortical plate was not 
lower – 1534.59 ± 40.91 HU (Fig. 7).

Fig. 7 Diagram of the osteon layer density in the cortical 
plate in the upper third of the diaphysis on the intact and 
injured limbs after the end of the fixation of the fracture 
of the tibia in the middle third (78.5 ± 9.5 days) (intact 
limb, diaphyseal fracture)

The total density of the cortical plate in the injured 
limb was lower in this period than it the intact one 
(1421.74 ± 78.4 HU). After 9 months it increased to 
1617.15 ± 174.16 HU. In the fracture zone, the density 
of the cortical plate was 1436.76 ± 24.49 HU (Fig. 8).

Fig. 8 Diagram of the total density of the cortical plate in 
the fracture zone at 9 months after treatment
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Fig. 9 Dynamics of the total density of the tibial 
cortical plate at different observation periods

The study of the tibial cortical bone density 
at different time points of observation showed 
that after apparatus removal its values were 

decreased, but in the long-term period (1 year 
after treatment), the density corresponded to 
normal values (Fig. 9).

DISCUSSSION

Our studies showed that the values of the cortical 
plate density when measuring a section extending 
over its entire thickness differed from the values 
in the middle zone (osteon layer), in its outer parts 
(the layer of external bone plates), in the inner part 
(system of internal common plates). The data obtained 
by us correlate with the results of N. Kanatani et al. 
(2006) who, when analyzing the transverse section of 
the mouse bone with the pQCT method, found that 
the middle layer of the cortical plate contains twice 
as many mineral substances as the outer layer and 
the inner layer (600 and 300 mg/cm3) [22]. Higher 
osteon layer density was confirmed by determination 
of this parameter in Hounsfield units with the MSCT 
method, which we had found in patients with various 
pathologies of long bones.

Differences in the total density of the cortical plate in 
the metaphyseal and diaphyseal parts of the tibia were 
also revealed. Measuring the density at one point or in a 
small area of the cortical plate can lead to an erroneous 
conclusion (both to increased density or reduced 
one) and subsequent unreasonable recommendations 
on the timing of the apparatus removal and the limb 
functional loading following it. Based on this, we 
came to the conclusion that it is necessary to carry 

out both general and local density measurements in 
order to have a complete picture of the cortical bone 
quality [21]. The density of the cortical plate in patients 
with tibial fractures during treatment decreased both 
in the intact and in the injured limb, but the density 
fluctuations did not exceed 150-200 HU. In the area 
adjacent to the fracture, the density of the cortical plate 
decreased by no more than 138.7 ± 56.4 HU. In the 
long-term treatment period, the density of the cortical 
plate was normal in the diaphysis of the tibia.

Our data on the density of the cortical plate at 
different periods of treatment in patients with fractures 
of the tibia differ from those obtained previously by 
V.I. Shevtsov et al. (2008) [14]. This is due to the 
technique of measuring the cortex density. In the work 
cited, the density was measured on a small portion of 
the cortical plate in its central part, which corresponded 
to the density, mainly of the osteon layer. Therefore, 
the cortical plate density values were somewhat 
bigger than with the measurement technique used in 
this study. Density, first of all, was measured over the 
entire thickness of the cortical plate; then the density 
of the osteon layer, the layer of internal and external 
plates was determined. It allowed us to obtain a more 
objective evaluation.

CONCLUSIONS 

1. The density of the cortical plate of the intact tibia 
in patients with lower leg fractures had topographic 
differences (it was lower in the metaphyseal region 
than in the diaphyseal region, p < 0.01).

2. The values of cortical plate density when 
measuring a section extending over the entire thickness 
differed from the values in the middle zone (osteon 

layer), in its outer regions (the layer of external bone 
plates), in the internal part (the system of internal 
common plates).

3. The density of the cortical plate in patients with 
lower leg fractures bone during treatment decreased both 
in the intact and in the injured limbs, but the fluctuations 
of density did not exceed 150-200 HU. In the area 



151

The Ilizarov Journal of Clinical and Experimental Orthopaedics Tom 24, No 2, 2018

Original Article

REFERENCES

1. Andreeva T.M., Ogryzko E.V., Red'ko I.A. Travmatizm v Rossiiskoi Federatsii v nachale novogo tysiacheletiia [Traumatism in the 
Russian Federation at the beginning of the new millenium]. Vestn. Travmatologii i Ortopedii im. N.N. Priorova, 2007, no. 2, pp. 59-
63. (In Russ.)

2. Bonafede M., Espindle D., Bower A.G. The direct and indirect costs of long bone fractures in a working age US population. J. Med. 
Econ., 2013, vol. 16, no. 1, pp. 169-178. DOI:10.3111/13696998.2012.737391. 

3. Larsen P., Elsoe R., Hansen S.H., Graven-Nielsen T., Laessoe U., Rasmussen S. Incidence and epidemiology of tibial shaft fractures. 
Injury, 2015, vol. 46, no. 4, pp. 746-750. DOI: 10.1016/j.injury.2014.12.027. 

4. Madadi F., Vahid Farahmandi M., Eajazi A., Daftari Besheli L., Madadi F., Nasri Lari M. Epidemiology of adult tibial shaft fractures: 
a 7-year study in a major referral orthopedic center in Iran. Med. Sci. Monit., 2010, vol. 16, no. 5, pp. CR217-CR221.

5. Wiegand N. Clinical and experimental assessment of the current treatment of tibial shaft fractures. Orv. Hetil., 2010, vol. 151, 
no. 15, pp. 627-635. DOI:10.1556/OH.2010.28835. 

6. Verkhovod A.Iu. Otsenka otdalennykh rezul'tatov lecheniia oskol'chatykh diafizarnykh perelomov kostei goleni gruppy «S» 
[Evaluation of long-term results of treatment of Group S comminuted shaft leg bone fractures]. Aspirantskii vestnik Povolzh'ia, 
2012, no. 1-2, pp. 178-181. (In Russ.)

7. Korzh N.A., Romanenko K.K., Goridova L.D., Prozorovskii D.V. Perelomy kostei goleni na urovne distal'nogo epimetafiza 
(perelomy pilon’a) i ikh posledstviia, diagnostika i lechenie [Fractures of leg bones at  the level of distal epimetaphysis (pilon 
fractures) and their consequences, diagnosis and treatment]. Travma, 2011, vol. 12, no. 2, pp. 6-10. (In Russ.)

8. Connelly C.L., Bucknall V., Jenkins P.J., Court-Brown C.M., McQueen M.M., Biant L.C. Outcome at 12 to 22 years of 1502 tibial 
shaft fractures. Bone Joint J., 2014, vol. 96-B, no. 10, pp. 1370-1377. DOI: 10.1302/0301-620X.96B10.32914. 

9. Busse J.W., Bhandari M., Sprague S., Johnson-Masotti A.P., Gafni A. An economic analysis of management strategies for closed and 
open grade I tibial shaft fractures. Acta Orthop., 2005, vol. 76, no. 5, pp. 705-712. DOI: 10.1080/17453670510041808.

10. Vasil'ev A.Iu., Blinov N.N., Egorova E.A. Konusno-luchevaia komp'iuternaia tomografiia – novaia tekhnologiia issledovaniia v 
travmatologii [Cone beam computed tomography – new research technology in traumatology]. Med. Vizualizatsiia, 2012, no. 4, pp. 
65-69. (In Russ.)

11. Vasil'ev A.Iu., Ol'khova E.B. Luchevaia diagnostika: uchebnik dlia studentov pediatr. vuzov i fakul'tetov. 2-e izd. [Radiodiagnosis: 
manual for students of pediatric universities and faculties. 2nd ed.]. M., GEOTAR-Media, 2009, 679 p. (In Russ.)

12. Iliasova E.B., Chekhonatskaia M.L., Priezzheva V.N. Luchevaia diagnostika: ucheb. posobie [Radiodiagnosis: textbook]. M., 
GEOTAR-Media, 2009, 280 p. (In Russ.)

13. Iudin A.L., Afanas'eva N.I., Proskurina M.F., Sologubova G.F., Abovich Iu.A., Znamenskii I.A., Kulagin A.L., Semenovykh N.S., 
Fedorova G.O., Iumatova E.A. Luchevaia diagnostika povrezhdenii i zabolevanii kostei i sustavov: ucheb. posobie dlia studentov 
med. vuzov [Radiodiagnosis for injuries and diseases of bones and joints: manual for students of medical universities]. M., GOU 
VPO RGMU Roszdrava, 2010, 60 p. (In Russ.)

14. Shevtsov V.I., D'iachkova G.V., Stepanov R.V., Sukhodolova L.V., Korabel'nikov M.A. Kachestvennaia i kolichestvennaia otsenka 
reparativnogo kosteobrazovaniia pri lechenii bol'nykh s perelomami kostei goleni metodom chreskostnogo osteosinteza [Qualitative 
and quantitative evaluation of reparative osteogenesis in treatment of patients with leg bone fractures by transosseous osteosynthesis 
method]. Med. Vizualizatsiia, 2008, no. 1, pp. 96-101. (In Russ.)

15. Kliushkin I.V., Pasynkov D.V., Zamalutdinova L.R. Ul'trazvukovye kriterii diagnostiki perelomov kostei predplech'ia [Ultrasound 
criteria of diagnosing forearm bone fractures]. Aktual'nye voprosy luchevoi diagnostiki v travmatologii, ortopedii i smezhnykh 
distsiplinakh: materialy dokl. nauch.-prakt. konf. [Current problems of radiodiagnosis in traumatology, orthopaedics and related 
specialties: materials of scientific-practical conference]. Kurgan, 2003, pp. 58-59. (In Russ.) 

16. Trufanov E.G., ed. Luchevaia diagnostika: uchebnik dlia vuzov. V 2 t. Tom 1 [Radiodiagnosis: guide for universities. In 2 vol. 
Vol. 1]. M., GEOTAR-Media, 2009, 416 p. (In Russ.)

17. Fedorova N.S., Pchelin I.G., Fokin V.A., Trufanov G.E. Sravnitel'nyi analiz vozmozhnostei luchevykh metodov issledovaniia v 
diagnostike i kharakteristike povrezhdenii kostnykh struktur kolennogo sustava u postradavshikh s impressionno-raskalyvaiushchimi 
perelomami myshchelkov bol'shebertsovoi kosti [Comparative analysis of  radiation research method scopes in diagnosis and 
characteristic of the knee bone structure injuries of injured persons with impression-splitting fractures of tibial condyles]. Voen.-
med. Zhurnal, 2013, vol. 334, no. 4, pp. 21-26. (In Russ.)

18. Lieder C., Hellman M., Haughom B., Szatkowski J. Mid to distal third tibial shaft fractures caused by gunshots: Characterization 
and incidence of distal intra-articular extension. Injury, 2016, vol. 47, no. 10, pp. 2347-2351. DOI:10.1016/j.injury.2016.06.023. 

19. Ignat'ev Iu.T.,  Nikitenko S.A.,  Rozhkov K.Iu.,  Reznik L.B., Krupko N.L., Pen'kov E.V. Dvukhenergeticheskaia komp'iuternaia 
tomografiia v kontrole reparativnoi regeneratsii perelomov trubchatykh kostei goleni [Dual-energy computed tomography 
in controlling reparative regeneration of leg tubular bone fractures]. Luchevaia Diagnostika i Terapiia, 2016, no. 1, pp. 64-68. 
DOI:10.22328/2079-5343-2016-1-64-68. (In Russ.)

20. D'iachkov K.A., D'iachkova G.V., Aleksandrov Iu.M. Rentgenomorfologicheskie osobennosti i plotnost' korkovoi plastinki 
bol'shebertsovoi kosti na razlichnykh etapakh udlineniia [Roentgen-morphologic characteristics and density of tibial cortical plate 
at different stages of lengthening]. Vestn. Travmatologii i Ortopedii im. N. N. Priorova, 2012, no. 4, pp. 58-61. (In Russ.)

adjacent to the fracture, the density of the cortical plate 
decreased by no more than 138.7 ± 56.4 HU.

4. In the long-term period, the density of the cortical 
plate had normal values characteristic for the tibial 
diaphysis.

The findings obtained in this study would assist as 
criteria to assess the degree of fracture union, develop 
recommendations for the duration of treatment, the 
timing of the apparatus removal and the functional 
load on the affected limb in the rehabilitation process.
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