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Immune related prognosis biomarkers for outcomes of joint preservation surgery 
in children with ischemic deformity of the proximal femur (preliminary results)
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Objective Assess the immune status of children with ischemic deformity of the proximal femur taking into account the treatment 
outcome. Material and methods Preoperative assessment of the immune status was performed for 16 adolescents with 
ischemic deformity of the proximal femur. Patients' age was 14.4 ± 0.45 years. Immunological parameters of 12 adolescents 
with satisfactory (group I) and 4 patients with poor (group II) anatomical and functional outcome of surgical treatment were 
compared. Peripheral blood lymphocyte typing was produced with laser cytometry assay, and IgA, IgM, IgG, IgE, IL-18, 
IFNγ and circulating immune complexes were quantified with enzyme-linked immunoassay. Results Сomparative analysis of 
preoperative immunological parameters showed statistically significant decline of Т-helper cells (СD3+СD4+), high levels of 
activated СD3+CD25 and СD3+HLADR T lymphocytes, low levels of activated NК cells (СD8dimCD38+) and IFNγ in group 
II. Humoral immune parameters indicated to low levels of IgA, IgM, IgG and higher levels of circulating immune complexes 
in group II relative to group I. Conclusion Preliminary data obtained suggest that cellular and humoral immune deficiency can 
be associated with unfavorable outcome of joint preservation procedure. Such immunological parameters as T lymphocytes 
subpopulation, immunoglobulins, circulating immune complexes and IFNγ can be used as significant prognostic factors for 
preoperative planning and postoperative rehabilitation of adolescents with ischemic deformity of the proximal femur.
Keywords: ischemic deformity of the proximal femur, joint preservation procedure, cellular immunity, humoral immunity, 
IFNγ phagocytic activity

INTRODUCTION

Hip dysplasia encompasses a spectrum of abnormal 
hip development with pathological malalignment of 
the proximal femur, asphericity, spatial malorientation 
of the hip, large femoral head and a short femoral 
neck. These alterations can be associated with clinical 
presentation of primary or secondary acetabular 
dysplasia. The combined deformities can result in 
unstable hip joint, incongruent articular surfaces and 
lead to progressive arthritis in younger individuals. 
The best surgical approach and the timing of surgery 
are still controversial. On the one hand reconstruction 
of hip joint biomechanics would delay the onset of 
coxarthrosis [1, 2, 3]. On the other hand reconstructive 

procedure performed with incongruent articular 
surfaces is likely to increase risk of progression of 
irreversible changes in the joint. Important predictors 
are severity of arthritis and limited range of motion 
in the joint as measured with physical examination 
and imaging parameters [4]. Levels of cytokins 
and immunoglobulins, lymphocyte population and 
subpopulation have been demonstrated to be affected 
with progression of arthritis [5, 6, 7, 8, 9].

The objective of the study was to assess the 
immune status of children with ischemic deformity of 
the proximal femur taking into account the treatment 
outcome.

MATERIAL AND METHODS
 Preoperative assessment of the immune status was 

performed for 16 adolescents with ischemic deformity 
of the proximal femur. Patients' age ranged from 12 
to 16 (14.4 ± 0.45) years. There were 12 male and 4 
female patients. Inclusion criteria were deformity of the 
proximal femur and the femoral head caused by Perthes 
disease, no radiological signs of coxarthrosis, type I and 
II femoral head dislocation, absence of co-occurring 
conditions being capable to affect immunological 
parameters. Exclusion criteria were radiological signs 
of arthritis with subchondral sclerosis, joint space 

narrowing, subchondral cysts, deformity of the proximal 
femur due to septic coxitis or avascular necrosis of 
different etiology, type III femoral head dislocation, 
signs of femoroacetabular impingement caused by 
surgical reconstruction, comorbidity.

The Merle d’Aubigné-Postel rating scale was 
used for preoperative and postoperative evaluation 
of hip function. Imaging parameters were examined 
with radiological classifications of Tönnis, Severin. 
Deformity of the proximal femur with a short neck, 
high-riding greater trochanter and pathological 
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malorientation of the femoral head were detected in all 
patients. Acetabular flattening and malorientation were 
observed in 12 patients. Impaired articular relationships 
were graded as types I and II. Extra-articular procedures 
were produced in all cases. Reconstructions of the 
proximal femur included double transtrochanteric 
osteotomy added by pelvic osteotomy (n = 12). Follow-
up period was 18 to 24 months. All patients showed 
articular relationships regained and the proximal femur 
anatomy improved due to reconstructive surgeries. 
All hips were graded as Severin type IIa and arthritis 
progressed to type I in four cases. Decline in the 
mobility relative to the baseline ROM was noted in all 
cases. Patients were assigned to two groups depending 
on the anatomical and functional outcome. 

Group I consisted of 12 patients with the mean age 
of 14.7 ± 0.6 years diagnosed with type II dislocation 
(n = 10) and type I involvement (n = 2). Mean preoperative 
score for pain was 4.2 ± 0.2 points, for mobility in the 
joint, 4.6 ± 0.2 points, and for ability to walk, 4.4 ± 0.15. 
Reconstruction of both articular components was 
performed for 10 patients and two underwent femoral 
procedure only. Postoperatively, mean score for pain 
was 5.7 ± 0.2 points, for mobility in the joint, 5.25 ± 0.3 
points, and for ability to walk, 5.4 ± 0.2.

Group II consisted of 4 patients aged 13–15 
(14 ± 0.4) years diagnosed with type I dislocation 
(n = 2) and type II involvement (n = 2). Mean 
preoperative score for pain was 4.25 ± 0.2 points, 
for mobility in the joint, 4.25 ± 0.5 points, and for 
ability to walk, 4.5 ± 0.5. Reconstruction of both 
articular components was performed for 2 patients 
and two other patients underwent femoral procedure 
only. Evaluation of hip function showed deteriorated 
mobility in the joint relative to the baseline scoring 
3.5 ± 0.5 points, and insignificant decrease in the mean 
score for ability to walk measuring 4.25 ± 0.5 points. 
No changes in the mean score for pain was observed 
measuring 4.25 ± 0.5 points. Radiological signs of 
arthritis with subchondral sclerosis, subchondral cysts 
and joint space narrowing were seen in the group.

Immunоtech monoclonal antibodies (France) 
were used to measure peripheral blood lymphocyte 
population and subpopulation with BECKMAN 
COULTER EPICS XL Flow Cytometer (U.S.A.). 
Enzyme-linked immunoassay was used for measuring 

IgA, IgM, IgG, IgE, IL-18, IFNɣ and circulating 
immune complexes with Biotek Instruments ELx808 
Absorbance Microplate Reader (U.S.A.) and reagent 
set (ZAO Vector-Best, Russia). The spontaneous 
and induced NBT tests were used to quantify 
neutrophil ability to generate reactive oxygen using 
the technique described by Park. In the induced test, 
neutrophils were stimulated with microbiological 
culture Staphylococcus epidermidis (strain № 9198 
«NIIEM» SZO RAMN). Lysosomal enzyme activity 
of neutrophil phagocytes (myeloperoxidase (MPO), 
cationic proteins) was measured with cytochemical 
methods. The Graham Knoll method was used to 
identify neutrophil MPO and bromophenol blue test 
was applied to quantify neutrophil cationic proteins 
with the technique described by M.G. Schubich. 
Semiquantitative laboratory examinations were used 
to represent the results as the mean cytochemical 
coefficient (MCC). The Romanowsky-Giemsa 
staining of blood films was employed to measure 
neutrophil extracellular traps (NETs). The technique 
consisted in calculations of the percentage of 
neutrophils with the segmentation of the nucleus 
completed (stages 1a and 1c) and the neutrophils 
releasing chromatin “nets” into extracellular space 
(mature NETs) [10]. Phagocytic activity of neurtophils 
and the percentage of neutrophil extracellular traps 
were counted using Axio Lab.A 1 light microscope 
under 100× magnification (Karl Zeiss MicroImaging 
GmbH, ocular lens 12.5×) with immersion.

The results obtained were comparable with those 
of control group comprising 14 relatively healthy 
adolescents including 10 males and 4 females aged 
14.3 ± 0.6 years. Statistical analysis was performed 
using the tools of AtteStat software and Microsoft 
Office Excel. Results of the numerical data were 
expressed as median, first and third quartile. 
Comparisons between groups were performed with 
analysis of non-parametric Mann-Whitney U test. 
Written informed consent for the participation in 
the research project was obtained from the subject's 
parent/legally acceptable representative. The 
study received a favorable opinion from the ethics 
committee of the Russian Ilizarov Scientific Center 
for Restorative Traumatology and Orthopaedics 
Ministry of Health of the Russian Federation.

RESULTS

There were no statistically significant differences 
in СD3+СD19– T lymphocytes and СD3–СD19+ 

B lymphocytes between the groups (Table 1). 
Statistically significant decrease in natural killer cells 
(СD3–СD16+СD56+), level of IL-18, higher level of 
IgE, spontaneous NBT test, MPO, cationic proteins 

and NETs relative to controls were observed in both 
groups as compared to control group (Tables 2, 3, 4). 
Levels of IgA and IgG were higher in group I than 
in control group. Patients of group II showed lower 
proportion of T helper cells (СD3+СD4+), higher 
percentage of СD3+СD8+ T lymphocytes, higher 
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proportion of T lymphocytes with T cell activation 
markers CD25 and HLADR, lower proportion 
of activated NK cells (СD8dimCD38+), lower 
levels of immunoglobulins of primary classes and 
induced NBT test as compared to those in controls. 
Comparative analysis of cellular immunity in groups 
I and II revealed statistically significant decrease 
in T helper cells (СD3+СD4+), higher percentage 
of cytotoxic T lymphocytes (СD3+СD8+), higher 

proportion of activated T lymphocytes (СD3+CD25 
and СD3+HLADR, СD8brightCD38+), lower proportion 
of activated NK cells (СD8dimCD38+) and lower level 
of IFNγ in group II. Evaluation of humoral immunity 
parameters showed decreased concentration of IgA, 
IgM, IgG and higher proportion of circulating immune 
complexes (CIC) in group II relative to group I. There 
were significant differences in induced NBT test with 
lower values recorded in group II.

Table 1
Cellular immunity parameters

Parameter I II Control group

Т lymphocytes СD3+СD19– % 78.8 (76.8–80.0) 75.7 (73.1–79.0) 71.0 (68.4–73.6)
109/L 1.57 (1.32–1.76) 1.21 (1.19–1.71) 1.46 (1.33–1.67)

Т helpers СD3+СD4+ % 49.4 p = 0.01 (44.8–51.3) 35.4* (35.0–36.8) 42.6 (41.1–45.5)
109/L 0.86 p = 0.039 (0.77–1.0) 0.66* (0.58–0.84) 0.86 (0.82–1.08)

Cytotoxic Т lymphocytes СD3+СD8+ % 28.8 p = 0.026 (21.6–32.1) 40.3* (35.7–44.65) 27.0 (25.5–29.17)
109/L 0.51 (0.41–0.71) 0.7 (0.61–0.94) 0.61 (0.5–0.7)

В lymphocytes СD3–СD19+ % 13.6 (12.6–16.5) 14.0 (10.3–14.7) 12.6 (11.7–15.3)
109/L 0.36 (0.23–0.4) 0.25 (0.17–0.32) 0.27 (0.25–0.3)

Natural killers СD3–СD16+СD56+ % 7.0* (4.0–10.5) 9.0* (8.5–10.0) 13.5 (11.3–16.5)
109/L 0.11* (0.08–0.18) 0.19* (0.16–0.21) 0.29 (0.25–0.36)

СD3+HLADR (delayed activation of Т 
lymphocytes)

% 1.65 p = 0.045 (1.3–1.9) 2.3* (2.2–2.4) 1.8 (1.3–2.17)
109/L 0.039 p = 0.049 (0.026–0.046) 0.053* (0.047–0.06) 0.036 (0.03–0.042)

СD3+СD25+ (early activation of Т 
lymphocytes)

% 1.4 p = 0,044 (1.2–1.8) 2.9* (2.0–3.8) 1.7 (1.3–2.0)
109/L 0.041 (0.032–0.052) 0.057* (0.044–0.07) 0.037 (0.02–0.04)

СD8brightCD38+ % 2.33 p = 0.027 (1.67–2.57) 4.6 (3.0–6.0) 3.26 (2.4–3.87)
СD8dimCD38+ % 0.82 p = 0.049 (0.54–0.92) 0.42* (0.38–0.56) 0.89 (0.55–1.191)
Immune regulatory index (СD4+/СD8+) 1.66 p = 0.02 (1.58–1.88) 0.88* (0.8–1.08) 1.57 (1.48–1.78)

Note: Tables 1, 2, 3, 4 include P-value as the level of statistical significance for groups I and II; * – statistical significance for control group 
(p < 0.05).

Table 2
Serum concentrations of IFNγ and IL-18

Parameter I II Control group
IFNγ (pg/mL) 4.8 p = 0.038 (3.49–6.3) 2.0 (1.5–2.89) 3.5 (2.0–4.8)
IL-18 (pg/mL) 185.6* (155.9–203.17) 208.7* (200.0–217.6) 258,5 (235.8–274.2)

Table 3 
Phagocytic and metabolic activity of neutrophils

Parameter I II Control group
Spontaneous NBT (%) 18.0* (14.0–25.7) 17.0* (13.5–18.5) 8.0 (7.0–9.0)
Induced NBT (%) 75.0 p = 0.026 (63.0–80.0) 60.0* (60.0–67.0) 80.0 (78.0–81.0)
MI NBT 3.9* (2.9–4.6) 3.5* (3.25–5.45) 9.3 (8.9–10.0)
MPO (MCC) 2.8* (2.5–2.9) 2.6* (2.55–2.7) 2.3 (2.2–2.4)
Cationic proteins (MCC) 2.6* (2.5–2.75) 2.6* (2.55–2.65) 2.15 (2.0–2.3)
NETs (total) (%) 5.5* (5.0–8.0) 10.0* (8.0–10.5) 2.0 (2.0–3.7)
Early NETs (stage 1а) (%) 4.0* (2.75–5.0) 5.0* (3.5–5.5) 1.0 (1.0–2.0)
Early NETs (stage 1b) (%) 1.0 (0.0–2.0) 2.0 (1.0–2.0) 0.5 (0.0–1.5)
NETs (mature) (%) 2.0 (1.01–2.0) 2.0* (2.0–3.0) 1.0 (0.0–1.0)

Table 4 
Humoral immunity parameters

Parameter I II Control group
IgA (mg/mL) 2.91 p = 0.0072* (2.5–3.9) 1.0* (0.84–1.05) 1.52 (1.12–1.67)
IgM (mg/mL) 2.57 p = 0.015 (1.69–3.0) 1.0* (0.9–1.05) 1.6 (1.29–2.1)
IgG (mg/mL) 20.0 p = 0.045* (14.75–22.3) 9.8 (8.1–12.7) 13.0 (10.0–15.1)
IgЕ (mIU) 13.78* (6.93–22.75) 31.3* (27.6–35.0) 4.2 (0.6–7.8)
CIC (CU) 23.0 p = 0.048 (11.0–33.0) 34.0* (31.0–55.0) 18.5 (13.25–30.0)
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DISCUSSION

Recent evidence shows that T cells and B cells 
support osteoclastogenesis and bone destruction [11, 
12]. Idiopathic avascular necrosis of the femoral head 
has been described in association with a functional 
cellular and humoral deficiency [13]. Non-traumatic 
osteonecrosis of the femoral head in adult patients 
was reported to be associated with decreased level of 
T lymphocytes due to lower proportions of T helpers 
and low level of immune regulatory cells [14]. The 
percentage of T lymphocytes was found to have 
correlations with stages of osteonecrosis featuring 
the lower the CD3+ the more severe the pathology 
[15]. No decline of T lymphocytes count was noted in 
our series of patients with ischemic deformity of the 
proximal femur. The group of patients with progressive 
arthritis showed decreased immune regulatory cell 
count due to low proportion of T helpers and higher 
proportion of cytotoxic T lymphocytes, and patients 
with good outcomes had T lymphocytes subsets being 
well within acceptable limits of normal.

 Lower concentrations of IFNγ were observed in 
patients with poor outcomes as compared to those 
with favorable outcomes. IFNγ is described as a 
positive osteoblastogenic factor promoting growth 
and differentiation of osteoblasts through activation 
of osteogenic factors and inhibiting early osteoclast 
differentiation [16, 17, 18]. We can suggest that 
decreased expression of IFNγ is an adverse event for 
patients with avascular osteonecrosis. Both groups 
demonstrated enhanced release of lysosomal enzymes 
and generation of reactive oxygen that was in line 
with literature data [19]. Significant increase in NETs 

caused by osteonecrosis was noted in both groups as 
compared to controls. The differences between the 
groups included lower values of induced NBT test in 
group II indicating to decreased phagocytic potentials 
in patients with progressive arthritis. 

 Increased levels of serum immunoglobulin are 
reported in patients with Perthes disease [20]. Some 
studies report higher levels of IgM, normal level of 
IgG and decreased level of IgA in Perthes disease, 
as well as normal immunoglobulin levels following 
conservative treatment of the condition [21]. Our series 
showed moderate immunoglobulin activation in group 
I and deficiency of the humoral immunity in group II.

 Primary immune deficiency diseases are known to 
be an important risk factor for surgical complications 
and unfavorable outcomes [22]. The severity of 
these disorders are associated with infectious as well 
as noninfectious complications [23]. Any type of 
major surgery can stress the body and suppress the 
immune system [24]. There are reports describing 
deviations in baseline immunological parameters and 
the dynamics during treatment of adult patients with 
osteonecrosis. Preoperative high levels of IgG, CICs 
and B lymphocytes that return to normal are reported 
in patients underging joint replacement surgery. The 
authors suggest using these parameters as markers 
of effective treatment [25]. Although we have not 
encountered publications reporting primary immune 
function being comparable with outcomes of surgical 
treatment performed for adolescents with ischemic 
deformity of the proximal femur, our findings suggest 
there is a correlation between the factors.

CONCLUSION

 Our findings suggest that good anatomical and 
functional outcome of surgical treatment can be 
provided for patients with normal baseline cellular 
immunity and moderate activation of the humoral 
immunity. Changes in the cellular and humoral 
immunity with T lymphocytes subset imbalances 
due to low level of T helpers (CD4+) and higher 
proportion of activated T lymphocytes, lower levels of 
immunoglobulins of primary classes, higher levels of 
IgE and CICs, decreased level of IFNγ were detected 

in adolescents with unfavorable anatomical and 
functional outcomes. The findings suggest that cellular 
and humoral immune deficiency can be associated with 
unfavorable outcome of joint preservation procedure. 
Such immunological parameters as T lymphocytes 
subpopulation, immunoglobulins, circulating immune 
complexes and IFNγ can be used as significant 
prognostic factors for preoperative planning and 
postoperative rehabilitation of adolescents with 
ischemic deformity of the proximal femur.
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