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 Background: Patients with hip joint infections in childhood often have many aftereffects of different degrees, regardless of 
the kind of treatment or natural course. Total hip arthroplasty is currently the most effective treatment for se-
quelae of childhood hip septic or tuberculous infection. This is a mid-term follow-up study of treatment results 
of patients who had undergone total hip arthroplasty (THA) with cementless prostheses.

 Material/Methods: We retrospectively analyzed and followed 45 patients (45 hips) who underwent THA with cementless prosthe-
ses between 2010 and 2017. There were 45 patients, including 17 men and 28 women. The average age of the 
patients was 46 years (range, 18-67 years). All hip infections occurred in early childhood or adolescence, and 
the mean interval between initial infection and THA was 38.2 years (range, 15-60 years). The mean follow-up 
was 6.1 years (range, 2.7-9.5 years).

 Results: Two patients underwent revision surgery because of loosening of the prosthesis, and 1 patient underwent re-
vision surgery because of a new infection with no relationship with childhood infection during the follow-up. 
The average Harris hip scores significantly increased from 43.1 to 86.4 (P<0.01), and the average visual analog 
scale significantly increased from 4.6 to 1.7 (P<0.01). The hip dysfunction and osteoarthritis outcome scores 
were also significantly changed (P<0.01) at the final follow-up. There were 2 cases of transient sciatic nerve 
palsy and intraoperative periprosthetic fractures in 3 cases. During follow-up, single revision was performed 
after 6 years of primary arthroplasty because of aseptic loosening in 2 cases and prosthesis infection in 1 case, 
which was not related to childhood pathogens.

 Conclusions: THA for patients with sequelae of hip joint infection has a satisfactory effect that can effectively relieve joint 
pain and improve hip function. The recurrence rate of infection after either pyogenic infection or tuberculous 
is very low. The mid-term outcomes of THA in this setting were satisfactory, with high prosthesis survivorship 
and hip function scores.
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Background

Infectious arthritis of the hip remains a common disease in 
children in developing countries, and the prevalence of com-
mon septic arthritis alone is 1: 20 000 [1]. Patients with hip 
joint infections in childhood or adolescence often experience 
sequelae of various degrees regardless of the kind of treat-
ment or natural course [2]. Histopathologic changes include an-
atomical changes in soft tissue and bone, especially acetabular 
dysplasia, femoral canal deformity, unequal length of the legs, 
altered organs of neurovascular structures, and the possibil-
ity of reinfection [3]. Although the majority of these patients 
are young, they also have a long abnormal development peri-
od after the onset in childhood and adolescence, malformed 
joint structure development, severe soft-tissue contracture, 
shortening of the affected side resulting in an unequal length 
of the lower limbs, and low quality of life [4]. Therefore, total 
hip arthroplasty in such patients is challenging for orthopedic 
surgeons due to the high contracture of the skin and soft tis-
sues, especially the abductor and adductor muscles. Weakness 
or even absence of abductor muscles may lead to unsatisfac-
tory postoperative function. Preoperative soft-tissue contrac-
ture can be severe, and proximal femoral osteotomy would be 
more complex than in patients with developmental dysplasia 
of the hips. Patients have relatively high rates of intraopera-
tive complications, including possible femoral fractures, neu-
rovascular injuries, and reinfection [5]. Severe secondary con-
tracture of soft tissue, acetabulum, and femur deformity need 
various soft tissue release and surgical exposure for these pa-
tients. Compared to the anterior approach, the posterior/pos-
terior lateral approach can maximize the release of soft tis-
sue around the joint, maximize the exposure of acetabulum 
and femur, and reduce intraoperative fracture risk. The ma-
jor objectives of THA are improved function, pain relief, and 
reinfection prevention. The present study retrospectively an-
alyzed the mid-term results after THA treatment in patients 
who had sequelae of childhood hip infection and, we propose 
a new classification concept of the sequelae of hip infection. 
THA plays a significant role in improving the quality of life in 
patients with hip disease. We also assessed the effectiveness 
of THA in the treatment of sequelae of childhood hip infection.

Material and Method

Patient Selection

We retrospectively studied 45 consecutive patients with se-
quelae of hip joint infection secondary to suppurative hip in-
fection and tuberculous infection sequelae who underwent 
cementless total hip arthroplasty between December 2010 to 
October 2017 in the First Affiliated Hospital of Xinjiang Medical 
University (Table 1). These patients were selected based on 

past medical histories and previous examinations. The inclu-
sion conditions were as follows: hip osteoarthritis and a de-
cided childhood history of septic and tuberculous infections 
of the hip joint. The exclusion conditions were as follows: 
osteoarthritis because of fungal infection (difficult to cure) 
and trauma. These types of pathogens included 14 hip joints 
Staphylococcus aureus infection, 5 hip joints of Streptococcus 
infection, 17 hip joints of tubercle bacillus infection, and 9 hips 
of unknown types of pathogens. The mean duration between 
infection and THA was 38.2 years. All of these patients were 
selected into this study (Table 1). All patients had single ar-
throplasties. The qualified patients included 17 men and 28 
women with a mean age of 46 years (range, 18-67; SD, 10.23) 
at the time of the index operation. The mean body mass in-
dex was 23.4 kg/m2 (range, 17-33 kg/m2). Eleven hips had a 
Secondary Osteoarthritis Type, 17 hips had a dislocation type 
and 17 hips had a Ankyloses Fusion Type. This study was ap-
proved by the local Institutional Review Board of First Affiliated 
Hospital of Xinjiang medical University (No. 20200519-01). All 
patients in this study supplied informed consent.

Patient Evaluation

Pre- and postoperative medical data, imaging results, and 
surgical data of patients were recorded. Medical assessments 
were recorded at the 2nd week, 3rd month, 6th month, and an-
nually after total hip replacement. At the medical assessment, 
patients were measured by the Harris hip score [6], hip dys-
function and osteoarthritis outcome score (HOOS) [7], hip 
pain visual analog scale (VAS) [8], and limb length discrepan-
cy (LLD) [9]. These scores are based on the evaluation of pain, 
function, deformity, range of motion, and quality of life. The 
LLD (function) is calculated from the mid-position of the lesser 
trochanter on both sides of the pelvis teardrop line.

Variable Demographics

Age (years)
46.1 

(range, 18-67; SD, 10.23)

Sex (Male/Female) 17/28

Weight (kg)
64.1 

(range, 52-82; SD, 11.03)

BMI (kg/m2)
23.4 

(range, 21-33; SD, 3.72)

Mean duration between 
infection and THA (y)

38.2 
(range, 15-60)

Secondary osteoarthritis 11

Dislocation 17

Ankyloses Fusion 17

Table 1. Preoperative demographic and clinical data.

BMI – body mass index; SD – standard deviation.

e930760-2
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Qian Z. et al.: 
Cementless total hip arthroplasty in adult patients with childhood hip infection

© Med Sci Monit, 2021; 27: e930760
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Bacteriological Evaluations

We agree with the view of previous studies that THA must be 
performed in infected hips that had remained quiescent for 
more than 10 years to prevent a higher risk of reinfection of 
previous pyogenic infections after THA [1,10]. Thus, we per-
formed preoperative assessments to exclude evidence of per-
sistent infection. Physical examinations were performed to 
observe skin condition, chronic pain, skin temperature, and 
phyma. The measurements of routine blood tests, C-reactive 
protein (CRP) levels, erythrocyte sedimentation rate (ESR), and 
culture of aspirated bacteria to exclude persistent pyogenic in-
fection have a significant impact on the outcome after replace-
ment [11,12]. Preoperative invasive tests that increase the risk 
of infection are not recommended. Intraoperatively, joint aspi-
rates, smears, soft tissues, and excised specimens were used 
for the culture of aerobic bacilli, anaerobic bacilli, and tuber-
cle bacilli. Frozen-section biopsies were performed in suspi-
cious areas for evaluation of continuous infection.

Patient Classification

According to our past experience, the sequelae of pyogen-
ic infection and tuberculous were divided into 3 types based 
on the anatomical structure (Figure 1): I) secondary osteoar-
thritis, type II) dislocation type, and III) ankylose fusion type 
(pathological fusion or surgical fusion).

Surgical Technique

Single-stage cementless THA was performed in all types of 
patients. All patients received general anesthesia, and all 3 
types of patients were treated with a posterior or posterolat-
eral incision to better manage soft-tissue contracture. Due to 
the disease’s long course, these 3 types of hips have different 
degrees of a limited range of motion, scar tissues, and osteo-
phytes. Therefore, osteophytes and excess scar tissue should 
be removed first. In type I patients, the goal of increasing the 
range of motion and improving reduction can be achieved 
by strengthening the release of soft tissue because the ana-
tomical structure is similar to that of ordinary patients with 

Secondary
osteoarthritis

Dislocation Anny loses
fusion

Figure 1.  Adult patients with sequelae of childhood hip infection on the basis of anatomic classification.

e930760-3
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Qian Z. et al.: 
Cementless total hip arthroplasty in adult patients with childhood hip infection
© Med Sci Monit, 2021; 27: e930760

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



osteoarthritis. In type II patients, we pursue placing the ace-
tabular prosthesis in the true acetabular position. If there is 
no history of debridement surgery, the patient’s condition can 
be considered developmental dislocation of the hip. In general, 
femoral osteotomy may not be required after the selective re-
lease of the iliopsoas, iliotibial tract, and adductor muscle dur-
ing surgery. If the patient had a history of childhood debride-
ment surgery, the scar tissue significantly increased with the 
contracture of soft tissue is seriously inelastic. Meanwhile, a 
shorter osteotomy under the lesser trochanter was used, the 
length of the osteotomy was generally 2-5 cm, and the length 
was adjusted with the intraoperative operation. There was a 
significant difference in the leg length in type III patients, and 
we also tried to place the acetabular prosthesis in the true 
acetabular position. Meanwhile, for the treatment of femoral 
neck osteotomy, we used the strategy of “single incision, dou-
ble approaches” (Figure 2), which is effective for the abduc-
tion-extorsion ankylosed hip. The femoral neck was exposed 
through the posterolateral incision, and an incomplete oste-
otomy was performed at the posterior femoral neck to avoid 
injury of the anterior vascular nerves. In the same incision, we 
gradually exposed the anterior femoral neck along the anteri-
or intertrochanter, and the complete femoral neck osteotomy 
was performed to protect the vascular nerves. After the femo-
ral neck was truncated and fully exposed by internal rotation of 
the hip joint, an osteotomy was performed to correct the fem-
oral neck length. This strategy allows femoral neck osteotomy 

to be performed safely and effectively, with better acetabular 
exposure in patients with severe adhesions. All patients were 
treated with oral rivaroxaban and use of mobile compression 
devices to prevent venous thromboembolism after the oper-
ation, and patients were encouraged to engage in limb func-
tional exercise as early as possible after surgery.

Radiographic Evaluation

All patients performed consecutive anteroposterior and lateral 
hip radiographs and the lower-extremities full-length views at 
every follow-up visit. All patients had comprehensive peri-oper-
ation imagological examination for assessment. The lengths of 
the lower limbs were measured. Thirty-one patients underwent 
preoperative 3D-CT reconstruction and image processing to fully 
evaluate the geometric features of the pelvis. In terms of post-
operative imaging findings, when the inserted acetabular pros-
thesis is surrounded by a >2 mm radiolucent line, any change 
in position or displacement of the prosthesis will be considered 
as loosening [13]. The acetabular cup angle was measured us-
ing the Widmer method [14]. DeLee and Charnley reported use 
of the three-zone system around the acetabulum to evaluate 
the stability of the bone-cup interface [15]. The bone healing 
at osteotomy position, heterotopic ossification, and prosthesis 
subsidence were also determined using the postoperative im-
aging result, using the Mason method [16]. The degree of stem 
prosthesis loosening was assessed using the Engh method [17].

A

E F G H

B C D

Figure 2.  A 28-year-old man with left sequelae of childhood hip infection (ankyloses fusion type). (A-C) Preoperative X-ray and CT 3D 
reconstruction show the hip joint has abduction-extorsion deformity and ankylosis. (D) Preoperative gait, he cannot even 
walk normally. (E) Intraoperatively, we used the strategy of “single incision, double approaches”, posterolateral incision, 
femoral neck osteotomy by anterior and posterior approach. (F) Postoperative X-ray. The hip was reconstructed at the level of 
the anatomic hip center with cementless acetabular. (G) Normal gait was restored and the hip deformity returned to normal 
1 year after the operation. (H) Seven years after the surgery, the femoral prosthesis is stable in a satisfactory position and 
the position of the acetabular prosthesis was also stable and acceptable.
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Statistical Analysis

SPSS 10.0 statistical software package was used for analysis. 
The data were analyzed using two-sided paired t tests with 
unequal variance, and Fisher’s exact tests were used to ana-
lyze preoperative and postoperative continuous and categorical 
variables, including Harris hip score [6], HOSS [7], VAS score, 
and improvement in length of both lower limbs. A P value <0.05 
was considered statistically significant. The data are present-
ed as a range of averages or numbers and percentages. The 
Kaplan-Meier method makes full use of the incomplete infor-
mation provided by the censored data in the process of calcu-
lating the survival rate. Although we do not know when this 
patient will have an endpoint event, we do know that there 
is no endpoint event during the follow-up period. Therefore, 
it was used to analyze the survival of the prosthesis undergo-
ing revision for any reason.

Results

Clinical Assessment

At the final follow-up view, the mean position of the acetab-
ular prosthesis was satisfactory, and the average bony cover-
age of the acetabular was more than 90%. Two cups were as-
sociated with evidence of mild osteolysis but did not require 
surgery. Three acetabular cups and 2 femur stems revealed >2 
mm radiolucent lines. Two acetabular prostheses were in poor 
position but had no dislocation history. The remaining pros-
theses had strong imaging proof of fixation in an acceptable 
position. The mean LLD decreased from 4.5 cm preoperative-
ly to 1.3 cm postoperatively.

Radiographic Results

At the final follow-up view, the mean position of the acetab-
ular prosthesis was satisfactory, and the average bony cov-
erage of the acetabular was more than 90%. Two cups were 
associated with evidence of mild osteolysis but no need for 
surgery. Three acetabular cups and 2 femur stems revealed 
>2 mm radiolucent lines. Two acetabular prostheses were in 
poor position but had no dislocation history. The remaining 
prostheses had imaging proof of strong fixation in acceptable 
position. The mean LLD decreased from 4.5 cm preoperative-
ly to 1.3 cm postoperatively.

Complications

Intraoperative periprosthetic fractures were reported in 3 cas-
es: 1 fracture of the greater trochanter and 2 femoral frac-
tures that were fixed with wire cerclage and cured complete-
ly without evidence of prosthesis loosening. Two patients had 

transient sciatic nerve palsy and recovered within less than 
4 months after neurotrophic therapy and rehabilitation train-
ing, without further sequelae. No injuries to the gluteus me-
dius occurred during the operation. Deep venous thrombosis 
occurred in 1 case before discharge, and oral rivaroxaban was 
given until venous thrombosis disappeared after 1 month of 
follow-up. A single revision was performed more than 6 years 
after the primary arthroplasty because of aseptic loosening in 2 
cases and a single revision because of prosthesis infection in 1 
case, which was not related to childhood pathogens (Table 2).

Survival analysis

The Kaplan-Meier survival with no revision for any cause was 
84.1% (95% CI 69-99) at 7 years after the operation (Figure 3).

Discussion

It is technically challenging to perform THA for patients with 
hip infection sequelae because of hip and femoral deformi-
ties in abnormal bony structure, soft-tissue contracture around 
the hip joint and structural abnormalities, pelvic tilt rotation 
deformity, scoliosis, and a series of other challenges [18-21]. 
Contracture of the skin and soft tissue, especially the abductor 
and adductor muscles, were weak or even absent. Therefore, 
for these patients, preoperative CT 3D reconstruction is very 
important for the evaluation of local anatomic abnormalities. 
In our study, we found that cementless THA achieved satisfac-
tory clinical results in all patients, with a complication rate that 
was significantly lower than expected (Figure 4). These patients 
had sequelae of hip infection. We are inspired by some previ-
ous studies [22-24], and we are not entirely in agreement with 
using the Crowe classification [25] alone, as it does not fully 
cover all deformities. For instance, in our study, the patients 
with type III and type I can only be classified as the same type 
in Crowe classification, but the anatomical structure of these 
2 types are dissimilar. Compared with the Crowe classifica-
tion, which evaluates the degree of soft-tissue contracture by 
the degree of dislocation, we further classify the non-disloca-
tion patients whose classification is only unified to achieve a 
more detailed assessment of soft-tissue contractures and de-
formities of various patients. Our classification based on the 
anatomical structure helped us evaluate the joint soft-tissue 
contracture, acetabular condition, and the length of both low-
er limbs before surgery; moreover, it also improves the intra-
operative preparation.

The current consensus on pyogenic infection is that it is safe af-
ter 10 years of quiescent pyogenic infection [1,9,26]. Meanwhile, 
taking into consideration active tuberculosis, most previous 
studies recommend that arthroplasty can be performed in the 
quiescent stage [27,28]. However, we agree with recent articles 
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that reported that it is possible to perform surgery even in the 
presence of active tuberculous arthritis [29,30]. In our study, 
although 4 patients’ preoperative and intraoperative tests 
were positive for proof of reactivation tuberculosis infection, 
through intraoperative debridement and implantation of the 
prosthesis, no infection recurred in these 4 cases at each fol-
low-up examination. There was 1 patient with quiescent pyo-
genic infection history of 16 years with the infection that re-
curred 7 years after THA, but the type of infecting organism 

was different from the childhood organism. A large number of 
previous studies [31-33] showed that anatomic reduction of 
the acetabulum could effectively improve postoperative clin-
ical outcome. Compared with patients with type I, acetabu-
lar reconstruction in patients with type II and III is more chal-
lenging. For these 2 types of patients, we also aim to find the 
position of the acetabulum and place the prosthesis as far as 
possible to lengthen the affected limb after surgery and ef-
fectively improve the function of the abductor muscles. Some 
type II patients have dysplastic acetabula and femurs, which 
are mainly irregular acetabula and femoral neck stumps. To 
ensure coverage of the acetabulum, reconstruction may re-
quire structural autografts (11 cases), porous tantalum aug-
ments (3 cases), tantalum cups (1 case), or special prosthe-
ses. For this type of acetabulum, attention needs to be paid 
to avoid wearing out the bottom of the acetabulum. Previous 
studies have shown that coverage is closely connected with 
the initial firmness of the acetabulum cup [34].

The proximal femur of patients with sequelae of hip infection 
is severely deformed with a narrow femoral canal; thus, to se-
lect the appropriate size of the prosthesis, CT 3D reconstruc-
tion should be performed before the operation to understand 
the shape of the canal. Intraoperatively, we used the “single 
incision, double approaches” strategy to perform soft-tissue 
release sequentially through the 2 approaches to maximize 
the incidence of intraoperative femoral fractures and nerve 
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Figure 3.  Kaplan-Meier survivorship curve with revision for any 
cause defined as the end point according to the Delphi 
consensus.

Variable Preoperative Final follow-up P value

HARRIS score(points) mean±SD  43.1±7.1  86.4±4.2 <0.01

Grading (hips number)

 Well (>90 points) 0 19

 Normal (80-90 points) 0 26

 Unacceptable (<80 points) 45 0

VAS (points) mean±SD  4.6±1.8  1.7±0.5 <0.01

Range of motion (angle of degrees)

 Flexion mean±SD  78.2±15.5  109±6.8 <0.01

 Permanent flexion mean±SD  11.2±4.7  0±0 <0.01

Limb length discrepancy (cm)

 Function mean±SD  4.5±1.8  1.3±0.2 <0.01

HOOS (point) mean±SD

 Symptoms  8.3±2.4  15.4±2.1 <0.01

 Pain  11.8±4.3  28.9±8.7 <0.01

 Daily living  29.1±7.6  61±14.5 <0.01

 Sports and recreation activities  4.7±1.6  12.1±3.9 <0.01

 Quality of life  4.7±1.8  13.3±4.6 <0.01

Table 2. Clinical and function outcomes.

SD – standard deviation.
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injuries. However, cementless stems insert the slender ca-
nal to be stable through the press-fit technique probably led 
to femur fracture. In our study, we had 2 cases of femur frac-
tures that were fixed by cerclage wire and cured complete-
ly with no symbol of prosthesis loosening. Some articles sug-
gested a preventive setting of cerclage band before inserting 
stem [35]. Patients with a high degree of dislocation may not 
have enough reduction through extensive soft-tissue release 
and joint capsule after excision, requiring proximal femoral os-
teotomy. Acetabular prosthesis placed in the anatomic position 
probably led to nerve damage because of the long duration and 
severe soft-tissue release. In our study, 2 patients had tran-
sient sciatic nerve palsy. Therefore, nerve damage may occur if 
the limb is lengthened more than 4 cm [36,37]. In our study, 2 
patients had transient sciatic nerve palsy and recovered within 

less than 4 months after neurotrophic therapy and rehabilita-
tion training, without further sequelae. Component survivor-
ship is also an important consideration because these patients 
are young and vigorous. Three patients underwent revision 
THA because of aseptic loosening and infection.

There are some limitations to this study that need to be not-
ed. First, this was a retrospective study with an internal pos-
sibility for inexact patient data and information bias. Second, 
this study was a single-center study without control patients, 
and these patients’ medical history and diagnosis were limit-
ed by past medical capacity. Third, 3 different senior surgeons 
performed these operations, which may influence the validi-
ty of our study, but the surgical techniques of osteotomy and 
fixation can be traced to the same origin.

A

C D

B

Figure 4.  A 39-year-old man with left sequelae of childhood hip infection (dislocation type). (A, B) Preoperative X-ray and CT 3D 
reconstruction show the high dislocation hip deformity and the narrow femoral canal deformity. (C) Postoperative X-ray. 
The cup was placed in the true position of the acetabulum and 2 cerclage bands around the femur were used to prevent 
intraoperative fractures. (D) Four years after the surgery, the femoral and acetabulum prosthesis are stable in satisfactory 
position.
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Conclusions

Total hip arthroplasty for sequelae of hip joint infection pa-
tients has a satisfactory effect that can effectively relieve joint 
pain and improve hip function. Although the complication inci-
dence rate is high, they can be treated successfully. Meanwhile, 
in our study, the recurrence rate of infection after either pyo-
genic infection or tuberculous was very low. The mid-term 
outcomes of THA in this setting were satisfactory, with high 
prosthesis survivorship and hip function scores. In addition to 
our new classification, a more comprehensive disease classi-
fication based on the anatomical structure will help us better 
prepare for surgery, determine intraoperative methods, and 
predict postoperative improvement in patient hip function.
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