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Abstract
Introduction Analysis of publications on primary hip replacement shows lower survival rates in patients with acetabular injuries. With the lack of 
a unified system for assessing post-traumatic acetabular deformities, authors tend to use the available classifications of acute pelvic trauma (AO/
ASIF, Young & Burgess, Tile, etc.) and acetabular osteolysis (AAOS, DGOT, Gross and Saleh, Paprosky), which we think can be inappropriate with 
the classifying systems meant for different patterns of acetabular deficiency. Material and methods CT scans of 117 patients with posttraumatic 
acetabular deformities were reviewed prior to total hip replacement (THR) performed for posttraumatic grade III coxarthrosis. The displacement 
of acetabular walls was determined with the measurements tabulated and analyzed. Results An original "ASPID" classification of post-traumatic 
deformities based on the findings obtained was offered with use of three assessment criteria: localization of the deformity, extent of displacement 
and the integrity of the pelvic ring. The ASPID classification can be used for the localization of the deformity with anterior (A), superior (S), 
posterior (P) and inner acetabular walls (I) to be identified. Measurements of displacement ranging 0-5 mm suggests grade 0 displacement; 6-15 
mm, grade 1 displacement and greater than 15 mm, grade 2 displacement. The integrity of the pelvic ring evaluated from the involvement side as 
D0 suggests maintained pelvic integrity and D1, broken pelvic integrity. An acetabular hardware would be marked with 'H'. Conclusion ASPID 
classification is easy to use and has shown to be practical for planning of primary THR after acetabular fracture.
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Total hip artheroplasty (THA) is a highly effective 
surgical treatment for patients with diseases, injuries 
and posttraumatic conditions of the hip joint that allows 
to relieve pain within a relatively short time, restore 
joint function and improve the quality of life. Since 
1960 THA surgical technique and implant designs have 
been modified and provided good long-term treatment 
outcomes [1]. More than one million primary THA 
are per-formed annually in the world [2]. There were 
438,000 THAs performed in the United States alone in 
2010 [3]. The N.I. Priorov CITO reported 72,270 THA 
procedures performed in Russia in 2018 [4]. V. Pilz 
et al. (2018) reported approximately 213,000 patients 
undergoing primary THAs in 2010 in Germany, which 
increased by 9 % to 232,000 patients in the year 
2016 (283 per 100,000). The annual number of hip 
replacements is forecast to grow to 288,000 by 2040 
[5]. The Australian Joint Replacement Registry (2018) 
reported 38,379 primary THAs performed in 2012 that 
increased by 12 % in 2018 and amounted to 42,972 
hip procedures [6]. Thus, the percentage of THAs is 
increasing annually worldwide.

With more than fifty years of experience in modern 
THA, the indications for the surgical procedure have 
been identified and long-term results documented in 
the annual reports of the national joint replacement 
regis-tries of various countries have shown the 

high effectiveness of the treatment. THA is mainly 
indicated to treat deforming osteoarthritis of different 
etiologies (including idiopathic condition resulting 
from dysplasia, post-traumatic), femoral neck 
fractures, avascular necrosis of the femoral head, 
rheumatoid polyarthritis and pa-thology associated 
with oncological involvement of the hip joint. 
Although indications for primary THA with minor 
variations are described in many reports including joint 
replacement registries posttraumatic coxarthrosis and 
acetabular deformities are not identified or referred to 
the group of "other causes" [6].

Analysis of publications reporting results of 
primary THA indicates to poorer survival of implants 
in pa-tients with acetabular injuries. R. Stibolt et 
al. (2018) reported a relatively high complication 
rate after primary THA in patients with acetabular 
fractures [7]. Z. Morison et al. (2016) reported the 
10-year survivorship after THA being lower in 
patients with a previous acetabular fracture than in 
the matched cohort (70 % versus 90 %, 95 % CI; p < 
0.001) [8]. S. Khurana et al. (2015) reported similar 
scenario with 12.5 % of posttrauma patients requiring 
revision a mean of 3.5 years after initial arthroplasty 
[9]. J. Stibolt et al. (2018) screened1830 studies after 
conducting a systematic review of 1,830 publications 
and reported 83.74 % survival rate of THA in patients 
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with posttraumatic coxarthrosis at 10-year follow-up 
that was also lower in comparison with the results of 
primary THA performed for other pathologies [7]. 
K. Hamlin et al. (2017) suggested in the systematic 
review that evidence based on the results of primary 
THA was scarce in patients with acetabular fractures 
due to the small subgroup of patients (about 10 %), 
and further work in the field was needed to improve 
the results [10]. Thus, a lower survival rate of 
implants was reported in patients with posttraumatic 
deformities of the acetabulum after primary THA.

The Russian and foreign literature review on 
primary THA indicates to the absence of a generally 
accepted classifying system for posttraumatic 
acetabular deformities discouraging the analysis 
of the results of primary THA in this cohort of 
patients and a systematic approach to the choice of 
surgical strategy. Instead, the au-thors report use of 
the existing classifications offered for acute pelvic 
injury (classifications of R. Judet & E. Letournel, 
M. Tile, J. Young & A. Burgess, etc.) and acetabular 
osteolysis (classifications of Paprosky, Gross, 
Saleh, etc.) [11]. In our opinion this use cannot be 
considered appropriate since the above classifying 
systems are extremely specific and were originally 
developed for different acetabular condition. There 
are AO/ASIF classifications of acute acetabular injury 
[12], classifications offered by J. W. Young & A. R. 
Burgess [13], M. Tile [14] that are normally used for 
collecting and analyzing the results of THA in patients 
with posttraumatic deformities of the acetabulum. 
The classifying system, the AO classification, in 

particular, used for pelvic injuries are practical in 
describing the nature of the injury in greater details, 
and the algorithm for choosing the type of surgical 
treatment developed by the AO association is a 
generally recognized standard of treatment for these 
patients. However, attempts to use classifications of 
acute pelvic injuries for posttraumatic changes in 
the acetabulum during primary THA cannot identify 
all the manifestations that would be helpful in the 
choice of options (bone grafting, augments, cages, 
individually designed implants) for the successful 
im-plantation of the acetabular component and 
should not be used during primary THA because of 
posttraumatic acetabular changes.

Some authors tend to use classifications of 
retroacetabular osteolysis developed for revision THA, 
such as AAOS [15], DGOT [16], A. E. Gross and 
K.J. Saleh [17], W.G. Paprosky [18]. The classifications 
devel-oped for the analysis of retroacetabular osteolysis 
are evaluation systems primarily offered for revision 
THA and cannot provide information of the bone 
quality in posttraumatic acetabular deformities. Thus, 
the classifi-cations presented for acute acetabular 
injury and for retroacetabular osteolysis during 
revision THA are spe-cific and have limited use. They 
cannot be applied for a systematic assessment of the 
acetabulum in posttrau-matic deformities in terms of 
the bone quality to allow implantation of the acetabular 
component during pri-mary THA.

The purpose of the study was to substantiate and 
develop an original classification of posttraumatic ace-
tabular deformities for primary total hip replacement.

MATERIAL AND METHODS

There were total 1,157 primary THA surgeries 
performed for posttraumatic grade 3 coxarthrosis 
between 2013 and 2018 at the Vreden National Medical 
Research Center of Traumatology and Orthopedics 
reported to the Arthroplasty Registry. Posttraumatic 
deformaties of the acetabular walls were reported 
in 313 medical charts (27 %). Of these, computer 
tomography of the hip joint was preoperatively 
performed for 117 patients. Overall, 117 cases with 
posttraumatic deformaties of the acetabular walls 
treated with primary THAs were reviewed based on the 
inclusion criteria. There were 80 male and 37 female 
patients whose age ranged from 43 to 76 years with the 
mean of 59 ± 7 years. The integrity of the pelvic ring 
was impaired in 9 cases (8 %).

Methods of investigations
Multiplanar image reconstructions were 

performed in three mutually perpendicular planes 

with additional control of the initial pelvic 
position using 3D reconstructions to measure 
the degree of displacement on axial CT sections. 
The displacement of acetabular fragments (walls) 
was measured between two parallel planes (lines) 
passing tangentially to the most distant points of 
the deformity formed with displaced bone. Major 
sur-gical landmarks of the acetabular anterior (A), 
superior (S), posterior (P) and internal (I) walls 
were used to describe the localization of deformities 
in THA and abbreviated as ASPID with D standing 
for pelvic discon-tinuity. The measurements were 
tabulated with reference number, the patient's 
full name, the number of the medical history and 
columns indicating the landmarks taken as the 
basis of the work, then the values ex-pressed in 
millimeters were analyzed for each parameter and 
histograms constructed.
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Based on the table compiled during analysis of 
CT scans of patients with posttraumatic acetabular 
deformi-ties measurements of acetabular displacement 
in mm were reviewed separately for each wall. The 
number of cases with a 5–6 mm displacement of 
acetabular walls was significantly less than those 
with a displacement of 0 to 4 and greater than 6 mm. 
Another cohort of patients with a wall displacement 
of greater than 15 mm was also identified. So, there 
were three types of displacement identified for each 
acetabular wall: degree 0, 0–5 mm, degree 1, 6–15 
mm, degree 2, more than 15 mm based on the effect 
of displacement on the pelvic bone strength and the 
reliable fixation of the acetabular component. The 
original classification is shown in Figure 1.

Fig. 2 Preoperative radiographs (a) of the pelvis; (b) lateral view of the right hip joint

Fig. 1 ASPID classification of posttraumatic acetabular 
deformities

The use of the ASPID classification involved 
identification of the deformity localization as 
anterior, A, su-perior, S, posterior, P and internal, I 
walls ranging it from 0–5 mm (degree f displacement 
rated as 0), 6–15 mm (degree of displacement rated 
as 1) and greater than 15 mm (degree of displacement 
rated as 2) and clas-sifying the integrity of the pelvic 
ring from the side of the involved acetabulum as 

D0 (preserved integrity of the pelvic ring) and 
D1 (impaired integrity of the pelvic ring). Hardware 
was marked with H.

Clinical instance A 62-year-old patient T. 
underwent THA of the right joint for posttraumatic 
grade III coxarthrosis (Fig. 2).

Medical records of 2017 showed an acetabular 
fracture and traumatic dislocation of the right hip 
resulting from a traffic accident. The fracture was plated 
in January 2018 with the hip dislocation relapsed in 
the post-operative period that was reduced and fixed 
with external fixation device. Radiographic and CT 
examination of the right hip joint was performed for 
the patient on admission to the hospital of the Vreden 
Medical Center. Prototyping and 3D modeling of the 
acetabulum were performed preoperatively due to 
severity of the injury and pronounced posttraumatic 
changes in the acetabular anatomy (Fig. 3).

The investigations showed absent superior and 
posterior acetabular walls, a reconstruction plate 
and screws that fixed posterior bone fragments. 
According to the original ASPID classification the 
formula of the acetab-ular deformity of the patient 
appeared as A0S2P2HI0D0, and was interpreted as 
displacement of the superior and posterior acetabular 
walls of greater than 15 mm or osteolysis (absence 
of the wall), presence of metal construct in the 
posterior wall with maintained integrity of the 
pelvic ring. Preoperative prototyping was prac-tical 
for measuring the acetabular component (56 mm), 
position and size of the highly porous replacement 
block (54 ×  20 mm). The replacement block was used 
because of unavailable structural autograft to address 
complete lysis of the head due to posttraumatic 
avascular necrosis. Accurate preoperative planning 
facilitated arthroplasty with hybrid fixation of the 
components, 90-minute operating time and blood 
loss of 250 mL (Fig. 4).

RESULTS
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Fig. 3 The result of prototyping of the right acetabulum, 3D 
reconstruction at different angles

Fig. 4 Plain radiograph of pelvis of patient Т. showing THA of 
the right hip joint

DISCUSSION

An original classification of posttraumatic 
coxarthrosis was proposed at the R.R. Vreden Russian 
Research Institute in 2011 and used the radiological 
landmarks of the iliac crest line, the iliac-sciatic line, 
the roof of the acetabulum, the anterior edge of the 
acetabulum, the posterior edge of the acetabulum 
[19, 20]. The authors identified three major types 
of acetabular changes in the classifying system 
that were subdivided into groups depending on the 
displacement of the femoral head:

type 1: the femoral head is normally centered, 
the sphericity of the acetabulum preserved, there are 
minor changes in the posterior wall, the reference 
iliac crest and iliac-sciatic lines;

type 2: the femoral head is subluxated, there is a 
significantly impaired sphericity of the acetabulum 
and significant defects in the posterior acetabular 
wall. Considering the degree of displacement of the 
femoral head seen on computed tomography scans 
the group is divided into 2a, 2b and 2b subgroups:

2a, displacement of the femoral head up to 25 % 
of the diameter;

2b, displacement of the femoral head of 25 % to 
50 % of the diameter;

2c, displacement of the femoral head greater than 
50 % of the diameter;

type 3: completely impaired anatomy of the hip 
joint with deformed medial wall and /or the femoral 
head located behind the Koehler line, defects in 
both walls, distorted reference lines and unstable 
pelvic ring.

The classification offered was actually the first 
attempt to systematize posttraumatic injuries to the 
ace-tabulum allowing generalization and choice 

of strategy in primary THA and was recommended 
by the Minis-try of Health of Russia as clinical 
guidelines of 2016. However, it has not been widely 
used since then as seen from publications on the 
problem. The grading system was difficult to be used 
for posttraumatic cases of avascular necrosis of the 
femoral head and could not be applied for the above 
clinical example.

A.Yu. Milyukov (2012) developed an original 
classification of acetabular injuries [21]. He first 
offered to identify two large groups of patients with 
(A) isolated injuries to the acetabulum and (B) injuries 
to the ace-tabulum combined with an injury to the 
pelvic ring. Then he suggested localize the injury at 
the site of (I) pu-bic, (II) iliac and (III) ischial bones. 
And, third, the author described the direction of 
migrated femoral head (Table 1).

Although the classifications presented have 
a scientific value and have contributed to the 
development of modern orthopaedics initiating a 
systematic approach to patients with posttraumatic 
deformities of the acetab-ulum the systems have not 
been widely used. One of disadvantages of the grading 
systems is that they tend to "bind" a clinical scenario 
to the position of the femoral head that can be absent 
in some cases as seen from the above clinical case. 
Thus, the known classifications cannot be used for 
primary THA with posttraumatic de-formities of the 
acetabulum, as demonstrated by the clinical instance 
presented. In our opinion, the grading system offered 
can be easily reproducible and universal with no 
language limitations allowing accurate de-scription 
of the acetabulum with the use of a letter-digital code 
to form a database for further statistical pro-cessing.
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THA procedure performed in posttraumatic 
changes of the acetabulum is often a complicated 
surgical in-tervention due to the difficulties of 
implantation of the acetabular component. The 
analysis of publications on the problem indicates 
the absence of a unified system for assessing the 
acetabulum with posttraumatic chang-es, and the data 
presented in the literature are scattered and not liable 
to any generalization and a systematic approach. 
The grading system offered and the letter-digital 
code presented for the acetabular deformity allow 
accurate description of the changes in the supporting 
structures, identification of the hardware and integrity 
of the pelvic ring providing detailed information for 
preoperative planning. On the one hand, the grading 
system allows you to customize the data for thorough 
planning of the primary THA, on the other hand, 
a letter-digital formula facilitates collection and 
texturing data for statistical processing that can be a 
key factor for the algo-rithm to be used for surgical 
strategy. The classification is currently used to 

develop a database and analyze outcomes of primary 
THA in patients with posttraumatic acetabular 
deformities.The letter-digital code facili-tates the 
formation of an extensive database with available 
description of acetabular walls, hardware and in-
tegrity of the pelvic ring identified preoperatively to 
allow a comprehensive analysis of factors that may 
cause aseptic loosening of the acetabular component.

The basic principles of the algorithm for surgical 
strategy depending on the localization and degree 
of dis-placement of the acetabular walls should 
involve assessment of the congruence of the standard 
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CONCLUSION

1. None of the current classifications 
of posttraumatic coxarthrosis can provide 
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preoperative planning of primary THA in this 
cohort of patients.
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studies and examination of 117 patients allows 
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Table 1
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