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Abstract
Introduction The widespread application of large joint arthroplasty is accompanied by an increase in the complications associated 
with periprosthetic infection. Currently, treating patients with infectious complications in the area of large joint arthroplasty 
remains a relevant issue. Purpose To determine the prognostic value of leukocyte indices in patients with revision hip arthroplasty. 
Materials and methods The study involved 88 patients with revision hip arthroplasty hospitalized at the Ilizarov National Medical 
Research Centre for Traumatology and Orthopedics. The patients were divided into two groups: group 1 (n = 77) were patients 
without periprosthetic infection (mean age 60.1 ± 1.5 years) and group 2 (n = 11) were patients with periprosthetic infection 
(age 55,2 ± 4.7 years). An analysis of the preoperative results of determining the number of leukocytes and leukocyte formula was 
carried out with the calculation of the leukocyte index of intoxication and the resistance index of the organism. The reliability 
of differences in indicators in groups was determined. According to the odds ratio, the probability of developing an infectious process 
was estimated. Results The level of leukocytes in the blood serum and the leukocyte index of intoxication of patients of groups 1 and 
2 had no significant differences. In patients with an infectious process, their level was higher by 19.7 %, however, not going beyond 
the normal range. Differences in the index of intoxication in patients of groups 1 and 2 were not noted. In the 2nd group of patients, 
the resistance index of the organism significantly exceeded that of the 1st group, remaining within the normal range in both groups. 
When calculating the prognosis for the development of infectious complications, the value of the odds ratio for the resistance index 
of the organism is exactly an order of magnitude higher than this indicator for leukocytes and the leukocyte index of intoxication. 
Conclusion The prognosis of the clinical situation in revision hip arthroplasty should consider not only local changes and the general 
condition of the patient, but also an assessment of laboratory parameters, in particular, the resistance index of the body.
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INTRODUCTION

The widespread application of large joint arthroplaty 
is accompanied by an increase in the complications 
associated with periprosthetic infection (PJI) [1‑4]. 
According to literature data, infection rates after 
primary joint replacement are 0.2‑3 % [5, 6], and 
periprosthetic infection recurrence have been reported 
in up to 52 %, despite the improvement of treatment 
methods, technologies, and revision implants [7, 8]. At 
present, the problem of treating patients with infectious 
complications in the area of large joint implants remains 
relevant [9‑12].

The index of the number of leukocytes in the blood is 
one of the main signs to evaluate the severity of the purulent 

inflammatory process. However, there are situations 
in which clinical manifestations do not correspond 
to the index of the number of leukocytes [13‑15]. 
For a correct assessment of the clinical situation, 
the leukocyte indices were proposed [16, 17]. 
Leukocyte indices are the percentage of different types 
of leukocytes that can be determined by counting them 
in a stained blood swab under a microscope. Leukocyte 
indices based on the interpretation of leukocyte formula 
data are most often used in surgery [18‑20].

The aim of the study was to determine the prognostic 
value of the leukocyte indices in patients with revision 
hip arthroplasty.

MATERIALS ANNND METHODS

A continuous single‑center study of infectious 
complications in revision hip arthroplasty was 
conducted to analyze data from the documentation 
of patients treated at the Clinic of Osteoarticular 
Infection (Purulent Osteology) based on the medical 
care monitoring department. The study was 

retrospective. The analyzed period during which 
patients were included in the study was 2019‑2020. 
The study included 88 patients aged 34 to 80 years 
with revision hip arthroplasty performed at the clinic 
of osteoarticular infection, 27 (31 %) men 
and 61 (69 %) women among them.
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Group 1 was 77 patients without PJI: 55 females and 
22 males aged 60.1 ± 1.5 years.

Group 2 were 11 patients with PJI, 6 females and 
5 males aged 55.2 ± 4.7 years. Patients that did not meet 
requirements of age and had no complete data records 
were excluded.

According to the generally accepted method for 
calculating the odds ratio [18, 19, 21], a four-field 
contingency table was built for each factor, and using 
statistical programs [22, 23], such indicators as OR 
and confidence interval were calculated at the 95 % 
significance level.

One of the indices calculated by us was the index 
of Kalf‑Kalifa [16, 18], named by the author as 
the leukocyte index of inflammation (LII):

where L – are leukocytes (thousands per 1 liter),  
A – age of the patients and LII is the index 
of Kalf‑Kalifa.

For each study group, the median values and 
interquartile ranges of 0.25 and 0.75 percentiles were 
calculated. The significance of differences in the 
compared groups was assessed using the nonparametric 
Wilcoxon test, using licensed programs. A p‑value < 0.05 
was considered statistically significant.

where MC are myelocytes, Yo – young, P – stab cells, C – 
segmented, Pl.class – Plasma cells of the Türk, Lymph – 
lymphocytes, Mon – monocytes, E – eosinophils. 
Normal LII is 1 ± 0.5.

In addition to LII, we calculated the body resistance 
index (IRI), it is calculated by the formula:

RESULTS

Table 1 shows the indicators of the total number 
of leukocytes, the leukocyte index of intoxication 
according to Ya.Ya. Kalf‑Kalifu, and an index 
of organism resistance.

Table 1
Leukocyte and leukocyte indices 

in patients with and without periprosthetic infection 
(median values and interquartile ranges)

Parameter Group 1 
(n = 77)

Group 2 
(n = 11)

Leukocytes 6.30 (5.0;7.93) 7.54 (4.42;8.51)
LII 0.78 (0.51;1.19) 0.59 (0.46;0.88)
IRO 0.11 (0.08;0.19) 0.17 (0.16;0.21)*

Note:* – significant differences are marked

The content of leukocytes in the blood serum 
of patients of groups 1 and 2 had no significant 
differences. The leukocyte index of intoxication had 
no statistically significant differences in patients 
of groups 1 and 2.

We noted that the resistance index of the organism in 
the 2nd group of patients was statistically significantly 
higher than that of the 1st group.

The value of the odds ratio for the resistance index 
of the organism is OR = 10.811 [1.3‑88.6], which 
is an order of magnitude higher than this indicator 
for leukocytes and the leukocyte index of intoxication 
(OR = 0.78 [0.2‑3.2] and OR = 1.324 [0.2‑11.6], 
respectively). The results of calculating the odds ratio 
are presented in Tables 2, 3, 4.

Table 2
Odds ratio of leukocyte indices in the development 

of infectious complications in patients 
with revision hip arthroplasty

Relative risk factor in group 2 0.375
Relative risk factor in group 1 0.481
Odds ratio (OR) 0.780
Standard error of odds ratio (S) 0.719
Lower level 95 % CI 0.190
Upper level 95 % CI 3.195

Table 3
Odds ratio of the leukocyte index of intoxication 
in the development of infectious complications 

in patients with revision hip arthroplasty

Relative risk factor in group 2 10.000
Relative risk factor in group 1 7.556
Odds ratio (OR) 1.324
Standard error of odds ratio (S) 1.107
Lower level 95 % CI 0.151
Upper level 95 % CI 11.592

Table 4
Odds ratio of the body resistance index 

in the development of infectious complications 
in patients with revision hip arthroplasty

Relative risk factor in group 2 10.000
Relative risk factor in group 1 0.925
Odds ratio (OR) 10.811
Standard error of odds ratio (S) 1.073
Lower level 95 % CI 1.319
Upper level 95 % CI 88.612
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DISCUSSION

The data from the current literature on the 
development of acute inflammatory and purulent 
diseases use different modifications of leukocyte indices 
based on the interpretation of leukocyte formula data 
[24, 25]. The Kalf‑Kalif index, called by the author 
the leukocyte index of intoxication, in fact, shows a 
quantitative expression of the shift in the leukocyte 
formula [16]. It represents the ratio of the level of cells, 
the number of which increases during inflammatory 
and purulent processes, and cells, the number of which 
may decrease during these processes. In addition to 
LII, in various modifications, an index is proposed, in 
which LII is included as one of its components. This 
index is the IRO, which is the ratio of the total number 
of leukocytes to the product of LII and the age of the 
patient. Its values, which add up to normal indicators, 
show the optimal level of the body's protective response 
to the stimulus. It is more sensitive and less prone to 
errors than LII. The IRO can assess the physiological 

and functional state of patients, and it was found that 
its decrease indicates the possibility of developing 
infectious complications [22].

Integration of a morphological blood test is 
important, since the adaptive reactions of the body, 
expressed in quantitative and qualitative changes in the 
peripheral blood leukocyte formula, allow us to evaluate 
differences in the mean group values and determine 
their prognostic significance.

Analysis of the data showed that IRO beyond 
the normal values reflects a high risk of developing 
infectious complications in revision hip arthroplasty.

Patients whose IRO is beyond the normal range are 
10 times more likely to develop infectious complications 
than those with leukocytosis or leukopenia (Tables 2 
and 4). They need monitoring and dynamic control 
of their state. If the IRO is altered in the presence of 
unlikely risk factors (leukocytosis or elevated LII), then 
an antibiotic strategy should be considered.

CONCLUSION

To predict the clinical situation, the leukocyte indices 
should be calculated before revision hip arthroplasty. 
According to our findings, IRO beyond normal values 
indicates an increase in the chances of developing 

an infectious process. The calculation of leukocyte 
indices does not require time and material costs; it can 
be automated. It can be used to predict periprosthetic 
infection in combination with other clinical guidelines.
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