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Aims
The aim of this study is to evaluate the results of surgical treatment of patients using custom-made 

articulating spacers. 
Materials and Methods
We performed analysis of treatment results for 67 patients with periprosthetic infection after endopros-

thesis of the hip joint. The patients were included in 2 groups: comparison group – 33 patients, treatment was 
performed according to standard algorithms of revision endoprosthetics, main group – 34 patients with two-
stage revision endoprosthetic treatment of the hip using a custom-made approach in spacer manufacturing. 

Results
The rate of repeat interventions on the joint with spacer replacement after the revision was 6.7% (2 cases) 

in the main group and 13.3% (4 cases) in the comparison group. Evaluation of the function of patients of 
the main group 3 months after the first stage of repeat endoprosthetics revealed higher functional results 
according to the Harris scale as compared to corresponding parameters in patients with standard approaches 
to treatment. The developed method of insertion of an articulating spacer with the use of an individual 
acetabular component allowed for stability and articulation in the zone of the inserted spacer without bone 
participation. Creating full-range articulation and intact active movements in the area of inserted spaces is 
a key to the functional success of the second stage of endoprosthetics. The review of the rates of secondary 
surgeries for spacer replacement after the revision showed a statistically significant decrease of the festering 
relapse after hip endoprosthetics.

Conclusions
The suggested treatment system, which includes determination of the bone defect and an algorithm of 

selection of an antibacterial spacer, is an effective method providing a reduction of the chronic purulent-
inflammatory process and improvement of the functional condition of the joint.

Keywords: hip endoprosthetics, infectious complications, bone defect, spacer, 3D printing, 
additive technologies.

INTRODUCTION
In recent years, ever more patients ex-

perience infections after hip replacements, 
which is due to (a) more surgeries being 
performed; (b) compromised immunity; 
(c) the emergence of numerous antibiotic-
resistant pathogen strains [1–3]. Peripros-
thetic infections occur in up to 40% of all 
revision joint replacements [4, 5]. This is 
why the medical community today is fo-
cused on addressing these issues.

Most methods fail to adequately handle 
purulent complications emerging later after 
implanting, are not efficient, and yield posi-
tive results in 27–30% of all cases at best 
[6]. This is why an optimal treatment of 
chronic periprosthetic infection is believed 
to best involve an optimal antibacterial 
therapy and radical surgical treatment of 
the pus pockets, removal of the implant and 
bone cement, long drainage, and placement 

of an antibiotic-loaded spacer [7–9]. Anti-
biotic-loaded cement spacers are used in 
Stage I treatment of hip prosthesis infection 
immediately after the implant has been re-
moved [10–12]. These devices provide the 
necessary concentration of antimicrobials 
in the inflammation zone while also filling 
the hollows of the acetabulum and proximal 
femur. Some authors report spacers to have 
an efficiency of 89% to 100% [13].

Li. et al. found spacers effective in 
26 patients [14]. Berasi reports 28 surger-
ies using custom acetabular components. In 
all cases, the authors report good treatment 
outcomes and the absence of implant desta-
bilization or displacement [15]. Precision 
3D printing can produce custom, patient-
tailored implants of any shape.

The goal hereof is to evaluate the out-
comes of surgery using custom articulating 
hip spacers. 
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MATERIALS AND METHODS
The research team analyzed data of 

67 patients who experienced periprosthetic 
infection after hip replacement and were 
treated at the Septic Surgery (Osteology) 
Unit of the Volga Federal Medical Research 
Center in 2015–2017. Patients underwent 
two-stage revision hip replacement, this 
time with spacers. The criterion for inclu-
sion: the presence of an acetabular defect. 
Patients were split into two groups.

The control group comprised 33 pa-
tients: 23 men and 10 women. These pa-
tients’ treatment followed a standard two-
stage revision hip replacement algorithm.

The treatment group had 34 patients 
(24 men and 10 women) that underwent 
revision hip replacement using custom-
ized spacers.

Patients were aged 62.4±12.2 years on 
average in the treatment group, 63.6±13.2 in 
the control group; there were no significant 
differences between the groups in terms of 
gender (p>0.05).

All patients had clinical and laboratory 
signs of post-replacement purulence, a fis-
tulous wound with purulent drainage, and 
pathogenic microflora growth in arthrocen-
tesis samples. Microbiological tests of such 
samples or wound discharge were run by 
the Laboratory of Bacteriology, Privolzhs-
ky Research Medical University (PRMU).

Testing the etiological structure of the 
infection pathogens showed that in both 
groups, gram-positive microorganisms 
were more frequent than gram-negatives. 
Most of the identified gram-positive bacte-
ria were staphylococci, where methicillin-
resistant S. aureus (MRSA) strains account-
ed for 52.2% of the pathogens (54.5% in 
the control group and 50% in the treatment 
group); coagulase-negative staphylococci 

(MRSE) accounted for 28.4% (27.3, 29.4). 
The microbiological spectrum did not differ 
significantly in these groups (p>0.05).

X-ray tests were run by the X-Ray Unit 
of the PRMU using a Dira-RC machine in 
frontal and lateral views; plan radiography 
of the pelvis was made in the anteropos-
terior view. The physicians analyzed the 
location of implant components, the pres-
ence of bone defects, and the stability of 
the implant.

Bone defects of the acetabulum were 
found in all patients of both groups and 
were scored by the Paprosky scale, see 
Table 1.

Thus, the groups were similar in terms 
of acetabular bone defects (p>0.05).

Where there were signs of bone defect 
in the acetabulum, most patients of the con-
trol group (21 of 33) and all the patients of 
the treatment group underwent computed 
tomography. Knowing the size and anato-
my of the defect helped design the future 
spacer while preparing for surgery.

In the control group, acetabular bone 
defects were corrected with different spac-
ers: an articulating spacer, a Tecres officinal 
spacer, and the bipolar spacer, Patent No. 
142311 of May 21, 2014 of the authors’ 
own design, see Figure 1.

Note that the team’s in-house developed 
surgery tactics pursued excluding the bone 
from articulation at the first stage of repeat-
ed hip replacement. Cement-bone friction 
pairs are often associated with secondary 
bone tissue defects, which complicates the 
second stage of surgery. This is why it is 
always desirable to implant a truly articu-
lating spacer that would not engage bone 
structures in articulation. Unfortunately, 
given the control group’s bone defects, this 
was sometimes unavoidable, see Table 2.

Table 1 
Bone defects of the acetabulum on the Paprosky scale

Indicator
Control group 

(n=33)
Treatment group

(n=34) Total:

Abs. % Abs. % Abs. %
I I B 18 54.5 17 50 35 52.2
I I C 9 27.3 10 29.4 19 28.4

I I I A 5 15.2 6 17.7 11 16.4
I I I B 1 3 1 2.9 2 3
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Table 2
Types of spacers in the control group

Spacer type Articulation in the
cement-bone system Bone not involved in articulation

Articulating 0 17
Officinal 5 0
Bipolar 11 0
Total: 16 17

 

Fig. 1. Bipolar hip spacer

Officinal and bipolar spacers are clini-
cally inefficient, resulting in progressing 
bone defects and bone dislocations before 
the second stage of surgery. To address 
that, the research team behind this paper 
designed a new method for hip spacer im-
plantation to correct acetabular defects, see 
Patent RU No. 2632525 of October 5, 2017. 
This device effectively excludes the bone 
from articulation and helps reduce the pro-
lapse of spacer components in the lesser-
pelvic cavity to lower the risk of damaging 
the anatomical structures.

The designed spacer was implanted as 
follows. Once X-ray test results were con-
firmed, patients underwent pelvic CT to 
collect data from which a special applica-
tion could retrieve information that would 
help restore the image of bone structures, 
while the intensity gradient ratio was set 
empirically at 0 to 225, see Figure 2.

Then voxels were filtered that contained 
data on the patient’s implant, see Figure 3.

Fig. 2. Computer 3D model of the acetabulum
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Fig. 3. Computer simulation. Acetabular 
component of the implant removed in the rendering

Based on this data, the research team 
ran hybrid parametric modeling of the dam-
aged hip. In the case of a bone defect, it was 
reconstructed using, among other things, a 
mirror copy of the contralateral acetabu-
lum. A hemisphere of 0.5 to 1 cm in wall 
thickness was placed at the true center of 
rotation to place a standard cement-implant 
cup on bone cement.

To further obtain the volumetric pa-
rameters of the modeled acetabular spacer 
component, the team generated computer 
models of the mold that would be sent over 
a remote connection or copied via a hard 
medium to an FDM 3D printer to make that 
mold of the Hips material. 3D printing was 
provided by FDM 3D printers manufac-
tured by Makerbot replicator 2x, USA, and 
Ultimaker 2+, the Netherlands.

The newly made mold was sterilized, 
filled with antibiotic-enriched bone cement 
intraoperatively, and then dismantled once 
the cement cured, see Figure 4.

Custom-made acetabular spacers were 
implanted in the existing defect onto bone 
cement with an antibiotic, see Figure 5.

A polyethylene acetabular component 
of the implant was impacted in the placed 
custom spacer in an appropriate position, 
and then secured with antibiotic-enriched 
bone cement, see Figure 6.

Further surgery was standard and in-
cluded placing the femoral component of 
the implant on the bone cement, adjusting it, 
doing X-ray scans, and stitching the wound.

Thus, using custom acetabular spacer 
components attained the main goal of sur-
gery, which was to exclude the bone from 
articulation in most cases, see Table 3. 

Fig. 4. Intraoperatively created acetabular spacer 
component and the mold for making it 

Fig. 5. Implanted custom acetabular spacer 

Fig. 6. Implanted polyethylene acetabular 
component of the implant
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Table 3
Types of spacers in the treatment group

Spacer type Articulation in the
cement-bone system Bone not involved in articulation

Articulating 0 29
Officinal 3 0
Bipolar 2 0
Total: 5 29

Unfortunately, articulating and offici-
nal spacers had to be used in some cases. 
However, the authors believe there were 
fewer indications to use them. Today, the 
authors’ clinic only uses long-legged offi-
cinal spacers if there is an accompanying 
pronounced defect of the proximal femur, 
Paprosky Type 3, 4, see Figure 7.

Fig. 7. Implanted officinal hip spacer,  
proximal femur defect, Paprosky Type 4

Bipolar hip spacers were only used in 
the treatment group in the case of pelvic 
disjunction or signs of infection in the less-
er-pelvic cavity, see Figure 8.

After surgery, both patient groups under-
went antibiotic therapy based on their anti-
biograms, as well as anticoagulant therapy 
to prevent thromboembolic complications.

Based on the estimated functional status 
of periarticular tissues, the type of spacer 
used, and the signs of inflammation (pres-
ent or not), patients were “activated” on 

Day 5 to 7 after surgery. The drainage was 
removed until verticalization. Patients were 
guided to walk on crutches partially load-
ing the operated limb. Isometric gymnas-
tics was mandatory to preserve periarticular 
muscle balance.

Fig. 8. Implanted bipolar hip spacer:  
pelvic disjunction

The follow-up consisted of local status 
checks, laboratory test assessments, and 
taking arthrocentesis samples for bacte-
riological tests. In the case of no signs of 
inflammatory manifestation, the patient 
would be directed to Stage II revision 
hip replacement.

Once the spacer was in place, the pa-
tients would be assessed by the Harris hip 
score in a month and then in three months 
after spacer placement; they were also 
asked if they had been taking painkillers, 
what kind of labor they did, and whether 
they used walking supports.
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Table 4 
Preoperative Harris hip scores

Score item Control group (n=33) Treatment group (n=34)

Before surgery
Pain (max. 44 points) 23.1±3.2 25.2±4.7
Function (max. 47 points) 26.8±4.6 28.4±3.0
Absence of deformity (max. 5 points) 1.4±0.4 1.8±0.5
Range of motion (max. 4
points) 1.1±0.2 1.2±0.3

Total (max. 100 points) 52.4±3.9 56.6±5.1
1 month after surgery

Pain (max. 44 points) 35.2±3.8 38.8±2.6
Function (max. 47 points) 36.4±3.3 41.5±3.0
Absence of deformity (max. 5 points) 2.1±0.9 3.1±1.2
Range of motion (max. 4 points) 1.8±0.3 2.1±0.2
Total (max. 100 points) 80.4±3.2 86.5±2.8

3 months after surgery
Pain (max. 44 points) 39.1±4.1 29.4±4.2
Function (max. 47 points) 41.4±3.7 45.7±3.1
Absence of deformity (max. 5 points) 2.6±0.6 3.2±0.5
Range of motion (max. 4 points) 2.4±0.4 2.8±0.2
Total (max. 100 points) 85.5±3.9 96.3±3.6*

Note: * stands for a significant (p<0.05) Group 2 vs Group 1 difference

STATISTICA for Windows 8.0 was 
used for statistical processing of the ob-
tained data.

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or an official 
representative) before the study.

RESULTS
It was found out that 2 patients of the 

treatment group (6.7%) and 4 controls 
(13.3%) needed repeated post-revision 
surgery and spacer replacement, with no 
statistically significant difference (p>0.05). 
Repeated suppuration of the spacer loca-
tion as found by bacteriological testing was 
considered an indication for spacer replace-
ment. Tests were run at 30, 60, and 90 days 
after surgery.

Harris hip scoring found no statistically 
significant original difference between the 

groups, see Table 4. One month later, the 
treatment group had a somewhat higher 
score for pain, function, and range of motion; 
the difference was insignificant. It was only 
three months after surgery that the total Har-
ris score was significantly higher (p<0.05) in 
the treatment group than in the controls.

Note that 39.4% of the control group 
and 29.4% of the treatment group were 
taking painkillers; 42% and 50% (p>0.034) 
had impaired motility.

DISCUSSION
The medical and social significance of 

hip pathologies has risen dramatically to 
date, as many countries currently have ever 
more elderly and senile patients [3, 5, 13]. 
Hip replacement is a popular surgery today; 
it is an efficient method that helps reduce 
the functional deficiency of limbs in such 
patients [9]. However, it often fails to per-
form as expected and is associated with in-
fectious complications developing shortly 
after surgery, which requires a revision.
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Given the ever-greater number of peri-
prosthetic infections in patients, physicians 
diagnose more and more pronounced ac-
etabular defects that require a nontrivial 
approach to surgery.

The developed method for implanting 
an articulating spacer using a custom ac-
etabular component stabilized the implant 
and enabled bone-free articulation in 29 of 
34 patients in the treatment group compared 
to 17/33 controls.

Full articulation and preservation of 
motility in the spacer site is the key to a 
functionally successful second stage of hip 
replacement as confirmed by the functional 
testing the patients underwent 3 months af-
ter Stage I. Their Harris scores were signifi-
cantly higher when treated by the approach 
proposed herein.

Revisiting the frequency of repeated 
surgeries of the implant that required spacer 

replacement, the authors found that this was 
the case for 13.3% of the controls, 6.7% of 
the treatment group.

CONCLUSIONS
The data generally shows that the pro-

posed treatment strategy that involves find-
ing the exact scope of the bone defect and 
has an algorithm for the customization of 
an antibiotic-loaded spacer is an effective 
method that addresses the chronic purulent 
inflammatory process while improving the 
functional outcome.

FINANCIAL SUPPORT  
AND SPONSORSHIP 
Nil.

CONFLICTS OF INTEREST 
The authors declare no conflict of 
interest

REFERENCES

1. Ezhov I.Iu., Korytkin A.A., Bobrov M.I. Problem of inflammatory-necrotic and early inflammato-
ry-septic complications after hip joint arthroplasty [Problema gnoino-nekroticheskikh i rannikh gnoino-
septicheskikh oslozhnenii pri endoprotezirovanii tazobedrennogo sustava]. Bulletin of Pirogov National 
Medical and Surgical Center - Vestnik Natsional’nogo mediko-khirurgicheskogo Tsentra im. N.I. Pirogova, 
2010, vol. 5, no. 1, pp. 22-25.

2. Engesæter L.B., Dale H., Schrama J.C. et al. Surgical procеdures in the treatment of 784 infected 
THAs reported to the Norwegian arthroplasty register. Acta Orthopaedica, 2011, vol. 82, no. 5, pp. 530-537, 
doi 10.3109/17453674.2011.623572.

3. Vyrva O.E., Burlaka V.V., Malyk R.V. Infectious complications after primary total arthroplasty of the 
hip and knee joints [Infektsionnye oslozhneniia pervichnogo total’nogo endoprotezirovaniia tazobedren-
nogo i kolennogo sustavov]. Orthopaedics, Traumatology and Prosthetics - Ortopediia, travmatologiia i 
protezirovanie, 2011, no. 3, pp. 60-67.

4. Fink B., Schlumberger M., Oremek D. Single-stage Acetabular Revision During Two-stage THA 
Revision for Infection is Effective in Selected Patients. Clinical Orthopaedics and Related Research, 2017, 
vol. 475, no. 8, pp. 2063–2070, doi 10.1007/s11999-017-5334-5.

5. Kahlenberg C.A., Hernandez-Soria A., Cross M.B. Poor Prognosis of Patients Treated for Peripros-
thetic Joint Infection. HSS Journal, 2017, vol. 13, no 1, pp. 96-99, doi 10.1007/s11420-016-9507-7.

6. Cooper H.J., Della Valle C.J. The two-stage standard in revision total hip replacement. The Bone & 
Joint Journal, 2013, vol. 95-B, Suppl. 11 A, pp. 84-87, doi 10.1302/0301-620x.95b11.32906

7. Pichkhadze I.M., Kuz’menkov K.A., Zhadin A.V. Treatment of patients with purulent-inflammatory 
complications after hip endoprosthesis [Lechenie bol’nykh s gnoino- vospalitel’nymi oslozhneniiami posle 
endoprotezirovaniia tazobedrennogo sustava]. N.N. Priorov Journal of Traumatology and Orthopedics - 
Vestnik travmatologii i ortopedii im N.N. Priorova, 2011, no 2, pp. 20-25.

8. Kim Y., Katsura Y., Kasahara N. et al. Temporary total hip arthroplasty-like spacer for treating an 
infected periprosthetic femoral fracture using a long stem: A case report. International Journal of Surgery 
Case Reports, 2017, vol. 34, pp. 115-118, doi 10.1016/j.ijscr.2017.03.026.

9. Kini S.G., Gabr A., Das R. et al. Two-stage Revision for Periprosthetic Hip and Knee Joint Infections. The 
Open Orthopaedics Journal, 2016, vol. 10, Suppl. 2 M2, pp. 579-588, doi 10.2174/1874325001610010579.

10. Ben-Lulu O., Farno A., Gross A.E. et al. A modified cement spacer technique for infected total hip 
arthroplasties with significant bone loss. The Journal of Arthroplasty, 2012, vol. 27, no. 4, pp.613-619, doi 
10.1016/j.arth.2011.06.031.



38

MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY    №1    2020

11. Mariconda M., Ascione T., Balato G. Sonication of antibiotic-loaded cement spacers in a two-stage 
revision protocol for infected joint arthroplasty. BMC Musculoskeletal Disorders, 2013, vol. 24, no. 1, pp. 193, 
doi 10.1186/1471-2474-14-193.

12. Newman J.M., George J., Klika A.K. et al. What is the Diagnostic Accuracy of Aspirations Per-
formed on Hips With Antibiotic Cement Spacers? Clinical Orthopaedics and Related Research, 2017, vol. 475, 
no. 1, pp. 204-211, doi 10.1007/s11999-016-5093-8.

13. Tikhilov R.M., Shubnyakov I.I., Kovalenko A.N. et al. Using custom triflange implant in revision 
hip arthroplasty in patient with pelvic discontinuity (case report). Traumatology and Orthopedics of Russia, 
2016, no. 1, pp. 108-116, doi 10.21823/2311-2905-2016- 0-1-108-116.

14. Li H., Qu X., Mao Y. et al. Custom Acetabular Cages Offer Stable Fixation and Improved Hip Scores 
for Revision THA With Severe Bone Defects. Clinical Orthopaedics and Related Research, 2015, vol. 474, 
no. 3, pp. 731-740, doi 10.1007/s11999-015-4649-3.

15. Berasi C.C., Berend K.R., Adams J.B. et al. Are custom triflange acetabular components effective 
for reconstruction of catastrophic bone loss? Clinical Orthopaedics and Related Research, 2014, vol. 473, 
no. 2, pp. 528-535, doi 10.1007/s11999-014-3969-z.


