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C-reactive protein as a prognostic marker of distraction osteogenesis disorders. 
Preliminary results
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The aim of this study was to assess the information value of the content of C-reactive protein (CRP) for predicting disorders 
of distraction osteogenesis. Materials and methods A retrospective analysis of the results of surgical lengthening of the 
bones of the lower extremities due to short stature was performed in 39 patients. There were two groups of patients. Thirteen 
patients (main group) had cystic cavities formed in the area of distraction regenerate by the end of the surgical lengthening. 
The formation of distraction regenerate ran without complications in 26 patients (comparison group). Results Before 
treatment, all patients in both groups had CRP levels not exceeding 6 mg/l. On the 10th day after the onset of distraction, 
15 patients of the comparison group had the CRP level equal to 6 mg/l or higher than (57.7 % of all patients in this group). 
In the main group, the CRP level was equal or higher than 6 mg /l only in 3 patients (23.1% of all patients in the main group). 
The significance level of the differences was 0.041. Discussion A retrospective analysis of clinical data revealed that the 
CRP level at the beginning of the distraction stage in the range of up to 6 mg/l was associated with an increased likelihood 
of developing cystic cavities in the regenerate by the end of the lengthening stage. This test is acceptable for use in clinical 
practice. Conclusion Preservation of the level of CRP in the blood serum, not exceeding 6 mg/l within 10 days after the onset 
of distraction, is a prognostic sign indicating a high probability of disorders in the formation of distraction regenerate in the 
patients undergoing surgical lengthening of the lower limb bones with the Ilizarov method.
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Control of bone repair in the course of transosseous 
distraction osteosynthesis, developed by G.A. Ilizarov, 
is one of the key tasks ensuring the success of surgical 
treatment of orthopedic patients [1]. In this regard, the 
possibilities of using all known diagnostic methods 
(radiography, physiology, ultrasound, laboratory 
studies) have been shown [2–4].

Among the control tasks, prediction of distraction 
regenerate formation course stands out separately. The 

most suitable for these purposes are laboratory tests, 
among which the applicability of immunological [5, 
6], biochemical [7, 8], hematological parameters [9], 
hemostasis parameters [10], growth factors [11–14] has 
been shown. Nevertheless, the protocol for applying the 
proposed technologies has been poorly developed [2].

The purpose of the study was to assess the 
informative value of C-reactive protein for predicting 
disorders of distraction osteogenesis.

MATERIAL AND METHODS

A retrospective analysis of the results of surgical 
lengthening of the bones of the lower extremities 
due to short stature was performed in 39 patients. 
All patients underwent lengthening with the Ilizarov 
method of transosseous distraction osteosynthesis.

The study is based on the data of a retrospective 
assessment of the medical records of all patients who 
underwent esthetic lengthening of the bones of the 
lower extremities. The level of C-reactive protein 
in their blood in the distraction phase was counted 
(total, 39 cases). The study was continuous, inclusion 
/ exclusion criteria were not used. The same refers to 
the number of patients in the groups.

There were two groups of patients. Thirteen 
patients of the main group had cystic cavities 
formed in the area of the distraction regenerate to 
the end of surgical lengthening. It required additional 
measures to stimulate the formation of the regenerate. 

Formation of distraction regenerate occurred without 
complications in 26 patients of the comparison group.

Both groups were comparable in terms of 
demographic and clinical parameters (Table 1). There 
were no significant differences between them.

In all patients, the concentration of C-reactive 
protein (CRP) was determined in blood serum on 
an automatic biochemical analyzer Hitachi / BM 
902 (Japan) (registration number of the Ministry of 
Health of the Russian Federation 2000/564) using 
reagent kits of Vital Diagnostics (Russia).

The significance of differences between groups 
was assessed using the chi-square test. To calculate 
it, as well as to determine the informative value of the 
prognostic test, an online calculator was used (http://
medstatistic.ru/calculators/calchi.html).

The permission of the Ethics Committee of the Ilizarov 
Centre of the Ministry of Health of Russia was obtained.
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Table 1
Comparison of groups

Group Age, years Gender Method of lengthening Magnitude of lengthening, cm
Main group (n = 13) 25.7 ± 7.0 M/F: 6/7 MP/BM: 10/3 6.38 ± 1.62
Comparison group (n = 26) 26.2 ± 6.3 M/F: 12/14 MP/BM: 19/8 6.28 ± 1.82

Note: MP – polysegmental monflocal osteosynthesis; BM – bifocal monosegmental osteosynthesis.

RESULTS

Prior to treatment, all patients of both groups 
had CRP levels that did not exceed 6 mg/l (Table 2). 
A retrospective study found that the level of CRP 
statistically differed between groups on the 10th day 
after the onset of distraction. In particular, 15 patients 
of the comparison group had the CRP level equal 
or higher than 6 mg/l (57.7 % of all patients in this 
group) whereas in the main group the CRP level 
was higher than 6 mg /l only in 3 patients (23.1 % of 
all patients in this group). The significance level of 
differences was 0.041.

The data obtained show that maintaining the 
CRP level within the normal range in the first ten 

days of distraction is a prognostical significant sign 
of possible subsequent formation of cystic cavities 
in the distraction regenerate. The normalized value 
of correlation strength (Pearson's coefficient) 
between the risk factor (low CRP level up to 10 days 
of distraction) and the outcome (formation of a 
cyst in the distraction regenerate) is 0.440. Such a 
correlation, according to the recommendations 
[15], is judged as relatively strong. The predictive 
value of a positive result of this test, expressed in 
calculating the odds ratio (OR ± standard error), 
is 4.545 ± 0.769 (95 % CI: 1.007-20.508), with a 
separation point of 6 mg/l.

Table 2
Content of C-reactive protein in the patients’ blood serum

Group 
Ме (min–max) Number of patients with CRP ≥ 6 mg/l / total of patients 

Before treatment Day 10 of distraction Before treatment Day 10 of distraction 
Main group 0 (0÷6) 0(0÷42) 0/13 3/13*
Comparison group 0 (0÷6) 6 (0÷30) 0/26 15/26

Note: Me (min–max) – median (minimum–maximum recorded value); * – significance of difference with the comparison group at p = 0.041

DISCUSSION

To date, it has been shown that laboratory tests 
in the practice of traumatology and orthopedics are 
prospective due to the fact that laboratory signs 
can be attributed to early preclinical predictors of 
pathological changes in bone tissue [16–18]. Thus, 
there are studies that demonstrate the possible value of 
determining indicators of the inflammatory response, 
including CRP, as prognostic tests for the formation 
of distraction regenerate [9, 19]. However, the 
proposed tests have been based only on experimental 
data without clinical applications.

A definite disadvantage of most of the laboratory 
tests proposed for the prognosis of disturbances in 
the formation of distraction regenerate is the lack of 
calculated informative values. Thus, the sensitivity of 
the test in the available works was determined only 
for the parameters of the immunogram [6].

We have chosen the CRP as a possible laboratory 
test for predicting the formation of distraction 
regenerate in our research. It is the most accessible and 
frequently used marker of the inflammatory response 
in clinical practice. Our retrospective analysis of 
clinical data found that maintaining the level of this 
marker in the initial period of the distraction stage 
within the range of up to 6 mg/L predicts an increased 
likelihood of developing cystic cavities in the 
regenerate by the end of the lengthening stage. The 

presence of such a relationship, the simplicity and 
availability of the test, as well as its rather acceptable 
predictive value (OR values), in our opinion, makes 
it quite reasonable for the use in clinical practice in 
combination with other studies.

It is important to note that the relationship 
we found between the level of the inflammatory 
response and the formation of a distraction regenerate 
demonstrates that completed osteogenesis is possible 
only in the presence of a certain level of early 
inflammatory response, which ensures further bone 
repair, including distraction osteogenesis.

Undoubtedly, the sample size and the data on 
its basis require further clinical verification. The 
quantitative characteristics of the test value might 
change; however, in our opinion, the choice of CRP 
as a test predictor of disturbances in the formation of 
distraction regenerate has been sufficiently justified. 
Moreover, to improve the predictive accuracy, this 
test could be used in conjunction with an ultrasound 
study [20]. Such a combination of diagnostic methods 
would enable to predict the development of cystic 
cavities of the distraction regenerate with high 
probability and to develop special technologies for 
early prevention of this complication, which to date, 
according to the literature data studied by us, are 
lacking.
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CONCLUSION

Preservation of the CRP level in the blood serum, not 
exceeding 6 mg /l during the first 10 days after the onset 
of distraction, is a prognostic sign indicating a high 

probability of disturbance in the formation of distraction 
regenerate in patients with surgical lengthening of the 
lower limb bones with the Ilizarov method.
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