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Abstract 

Background To explore the surgical technique and clinical outcomes of cementless total hip arthroplasty (THA) 
combined with impacted bone grafting for the treatment of moderate and severe acetabular protrusion with rheu‑
matoid arthritis (RA).

Methods From January 2010 to October 2020, 45 patients (56 hips), including 17 men (22 hips) and 28 women (34 
hips) with acetabular impingement secondary to RA, were treated with bioprosthetic THA combined with autologous 
bone grafting at our hospital. According to the Sotello‑Garza and Charnley classification criteria, there were 40 cases 
(49 hips) of type II (protrusio acetabuli 6–15 mm) and 5 cases (7 hips) of type III (protrusio acetabuli > 15 mm). At the 
postoperative follow‑up, the ROM of the hip joint, the VAS score, and the Harris score were evaluated. The healing of 
the bone graft, the restoration of the hip rotation center, and the prosthesis loosening were assessed by plain anter‑
oposterior radiographs.

Results The average operation time was 95.53 ± 22.45 min, and the mean blood loss was 156.16 ± 69.25 mL. There 
were no neurovascular complications during the operation. The mean follow‑up duration was 5.20 ± 1.20 years. 
The horizontal distance of the hip rotation center increased from preoperative 10.40 ± 2.50 mm to postopera‑
tive 24.03 ± 1.77 mm, and the vertical distance increased from preoperative 72.36 ± 3.10 mm to postoperative 
92.48 ± 5.31 mm. The range of flexion motion of the hip joint increased from 39.48 ± 8.36° preoperatively to 
103.07 ± 7.64° postoperatively, and the range of abduction motion increased from 10.86 ± 4.34° preoperatively to 
36.75 ± 3.99° postoperatively. At the last follow‑up, the Harris score increased from 37.84 ± 4.74 to 89.55 ± 4.05. All 
patients were able to move independently without assistance.

Conclusions Cementless THA combined with impacted grafting granule bone of the autogenous femoral head and 
biological acetabular cup can reconstruct the acetabulum, restore the rotation center of the hip joint, and achieve 
good medium‑term outcomes in the treatment of moderate to severe acetabular herniation secondary to RA.
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Background
Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease characterized by chronic and aggressive polyarticu-
lar synovitis [1]. In contrast to secondary osteoarthrosis, 
the femoral head is collapsed or even disappears, and 
the acetabulum has an irregular oval shape, and in many 
cases of RA, the acetabulum protrudes, with an incidence 
of approximately 5% [2]. Acetabular invagination can 
increase the weight-bearing of the acetabular bottom and 
further aggravate the progress of acetabular retraction. 
Hip osteoarthritis can elevate the hip center, resulting 
in shortening of the affected limb and ultimately to pain, 
deformity, and dysfunction [3]. The acetabular protru-
sion secondary to RA often results in a weak acetabular 
rim, a thin acetabular wall, and severe local osteoporosis. 
These factors significantly increased the complexity of 
the procedure, negatively impacted the initial stability of 
the cementless modular cup, and markedly increased the 
rate of postoperative prosthetic loosening and revision. 
However, how to reconstruct the hip joint and the bone 
grafting technique has always been a challenge for joint 
surgeons. The use of an auto-bone graft from the pel-
vic wing creates additional surgical sites that may cause 
postoperative pain or infection. For the use of allografts, 
there remains a latent risk of infection with unidentified 
microorganisms. To avoid the use of allografts and artifi-
cial bone, sufficient auto-bone grafting with the resected 
femoral head can restore the anatomical position of the 
acetabular rotation center, which can provide good initial 
stability for acetabular cup fixation, long-term stability 
and biological fixation [4, 5]. Additionally, it also avoids 
the limitations or expected adverse effects of other meth-
ods of bone grafting.

We performed total hip arthroplasty using the nonce-
ment impaction auto-bone-grafting method with the 
resected femoral head for moderate and severe acetabu-
lar protrusion secondary to RA. In this article, we report 
the detailed surgical technique and good medium-term 
outcomes of our cases.

Materials and methods
Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) patients diag-
nosed with RA complicated by the hip joint according 
to the diagnostic criteria of the 2021 American College 
of Rheumatology Guideline for the Treatment of Rheu-
matoid Arthritis [6]; (2) moderate and severe in patients 
with acetabular protrusions in which the bottom of the 
acetabulum exceeded Kohler’s line in the pelvic anter-
oposterior radiography; (3) patients who underwent 
THA in our hospital with the availability of complete 
medical records and follow-up information; and (4) 
all patients had informed consent to the surgery, and 

the study was carried out with the approval of the eth-
ics committee. The exclusion criteria were as follows: (1) 
patients with acetabular protrusions caused by trauma, 
infection, metabolic diseases, or another cause; (2) 
patients with RA and any other diseases that make sur-
gery impossible; and (3) patients with acetabular protru-
sions without bone grafting.

General data
We conducted a retrospective study to analyze the clini-
cal information of acetabular protrusion with RA treated 
with cementless THA combined with impacted bone 
grafting in our institution from January 2010 to Octo-
ber 2020. There were 45 patients (56 hips) with protru-
sion acetabula secondary to RA, including 17 cases (22 
hips) of males (37.78%) and 28 cases (34 hips) of females 
(62.22%). Twenty patients had left lesions, 14 patients 
had right lesions, and 11 patients had bilateral lesions, 
accounting for 44.44%, 31.11% and 24.45%, respectively. 
The patients’ ages ranged from 45 to 68  years (mean 
55.64 ± 5.38 years), with an average course of 2–16 years 
(average 6.55 ± 3.12  years). The main clinical manifes-
tations were hip pain and discomfort during walking, 
accompanied by obvious hip motion disorder. There 
were 39 patients (48 hips), accounting for 86.67%, with 
severe abduction limitation (abduction angle ≤ 25°), and 
six patients (8 hips), accounting for 13.33%, with mild 
abduction limitation (abduction angle > 25°). In addition, 
four patients (4 hips) exhibited grade III muscle strength, 
23 patients (29 hips) exhibited grade IV muscle strength, 
and 18 patients (23 hips) exhibited grade V muscle 
strength according to MRC muscle grading, accounting 
for 8.89%, 51.11% and 40%, respectively. (Table 1).

Preoperative imaging
Routine hip x-ray and computed tomography (CT) scans 
were performed preoperatively to evaluate the acetabular 
invagination and femoral marrow cavity. Kohler’s line was 
used as an anatomical reference. Acetabular invagination 
could be diagnosed according to the analysis of the rela-
tive positions between the acetabular wall and Kohler’s 
line on the plain anteroposterior (AP) radiographs 
(Fig.  1). According to the Sotello-Garza and Charnley 
classification criteria [7], 39 patients (48 hips) were clas-
sified as type II (protrusion acetabula (6–15 mm), and six 
patients (8 hips) were classified as type III (protrusion 
acetabula > 15 mm).

Surgical technique
All patients were operated on by the same group of sur-
geons and performed by the chief surgeon. After com-
bined spinal-epidural anesthesia or general anesthesia, 
all patients were placed contralaterally, using a posterior 
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lateral approach. A straight skin incision of approximately 
10–15 cm in length was formed starting 1 cm posterior 
to the tip of the greater trochanter. The gluteus medius 
was retracted without removal by blunt dissection, and 
the short extrarotators and posterior joint capsule were 
removed to expose the hip joint. Because the femoral 
head protruded intrapelvically, it was difficult to dislocate 
the femoral head with conventional surgical methods. In 
patients with moderate acetabular protrusion, the femo-
ral neck could undergo transverse osteotomy at 1–1.5 cm 

above the lesser trochanter. In those with severe pro-
trusions, the femoral head and neck were completely 
trapped in the acetabulum so that the femoral neck could 
not be performed using common osteotomy. First, the 
lateral part of the edge of the femoral head and neck 
was removed using a drill or narrow bone knife. Then, 
the femoral neck was partially exposed and resected. If 
the femoral head had retracted and adhered inside the 
protrusion into the acetabulum, the femoral head was 
cut open, and the fragments created by breakage were 
removed.

Acetabular preparation was performed in two stages 
[8]. First, in preparation of the medial floor, the acetabu-
lar file was only used to polish the cartilage until bleed-
ing subchondral bone to avoid piercing the bottom of the 
acetabulum. If the medial wall is prone to thinning and 
the bone is severely osteoporotic, acetabular files should 
be avoided if possible. Instead, the curette could be used 
to dispose of the acetabular bottom, and wide blood ooz-
ing from the surface of the bone bed was appropriate 
with drilling multiple small holes on the acetabular wall 
using a Kirschner wire as long as the subchondral bone 
appears to be very sclerotic. Second, in constructing the 
acetabular ring, we did not start with the smallest ream-
ers with the aim of preparing the floor first, which is dif-
ferent from the osteoarthritis commonly seen in standard 
reaming. Although a larger reamer was used to retain the 
subchondral bone to a size one to two sizes smaller than 
the final cup size for templating. The acetabulum was 
ground into a hemispherical shape to achieve more stable 
fixation between the peripheries of the cup and as wide 

Table 1 Patient demographics

Demographics Date

Patients/hips 45 (56)

Mean age 45–68 years (average 55.64 ± 5.38 years)

Course of disease 2–16 years (average 6.55 ± 3.12 years)

Side

 Left hip 20

 Right hip 14

 Bilateral hips 11

Gender

 Male 17 Cases (22 hips)

 Female 28 Cases (34 hips)

Abductor muscle strength classification

 Grade V 18 Cases (23 hips)

 Grade IV 23 Cases (29 hips)

 Grade III 4 Cases (4 hips)

Classification of acetabular protrusion

 Type II 39 Cases (48 hips)

 Type III 6 Cases (8 hips)

Fig. 1 A sketch diagram of the hip joint shows how the distance 
of pelvic invagination distances was calculated. Kohler’s line (or 
Nelaton’s line): taking a line drawn tangentially to the bottom of 
between the inner edges of ischium and ilium as the reference line, 
the distance of acetabular protrusion is acetabular site moved over 
Kohler’s line (a)
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as a band of the acetabular rim as possible. With regard 
to the preparation methods of grafting bone, the resected 
femoral head was trimmed into irregular granules (0.5–
1.0 cm), and the bottom of the acetabulum was filled with 
an acetabular file. A trial head with a size smaller than the 
diameter of the acetabulum was used for the impaction 
of the grafting bone until rigid compression. The acetab-
ular prosthesis should be in contact with at least 60% to 
70% of acetabular bone for adequate stability of the cup 
to facilitate one ingrowth into the shell and provide suf-
ficient mechanical support to the underlying graft [2]. 
Finally, the acetabular prosthesis of the same size was 
placed at 45° abduction and 15°–25° anteversion angle, 
and the cementless acetabular component was inserted 
and fixed with a supplemental screw. For patients with 
severe acetabular wall defects, we added extra bone 
supplied from the pelvic wing to better reconstruct the 
acetabular reinforcement ring due to insufficient femoral 
head resection.

All the patients in this study were treated with biologi-
cal total hip prostheses. A porous tantalum acetabular 
cup (TM Cup, Zimmer, USA) was selected in 35 patients 
(42 hips) with incomplete acetabular rings and poor qual-
ity of the acetabular bed. Another 10 patients (14 hips) 
with intact acetabular rings and sufficient bone grafting 
were placed in sintered, three-dimensional, asymmetric, 
titanium, and porous-coated cups (R3 Acetabular sys-
tem, Smith & Nephew, USA). The other components of 
the THA that were used in this series were as follows: 
The weight-bearing interfaces of 20 patients (24 hips) 
received the fourth-generation ceramic-on-ceramic 
implantations, and ceramic-on-highly cross-linked poly-
ethylene were placed in 25 patients (32 hips).

Postoperative follow‑up and evaluation
All patients were followed up regularly at 1  month, 
2  months, 3  months, 6  months, 12  months, and once a 
year after 1 year after the operation. The operation time, 
intraoperative blood loss, and postoperative complica-
tions of all patients were recorded. The visual analog 
scale (VAS) [9] was used to evaluate hip pain before and 
after surgery. The Harris score system [10] was used to 
assess hip joint function before and after surgery. The 
length difference of the lower limbs was measured before 
and after the operation, and the length correction of the 
affected limbs was evaluated (the length of the lower 
limbs was the distance from the anterior superior iliac 
spine to the tip of the medial malleolus).

We assessed the recovery of the rotation center of the 
hip on anteroposterior radiographs of the pelvis imme-
diately postoperatively. This was measured by (i) the 
horizontal distance of the new hip center to Kohler’s line 
and (ii) the vertical distance of the new hip center to the 

interteardrop line [11]. The bone healing, bone resorp-
tion, and loosening of the prosthesis were compared 
immediately after surgery and follow-up radiographs. (1) 
Bone healing was tested according to the Engh fixation/
stabilization standard [12]. Bone ingrowth was evaluated 
by observing whether continuous trabeculae bone passed 
through the interface between bone grafting and host 
bone on x-ray. (2) Bone resorption within the acetabular 
bone graft was determined according to the Gerber and 
Harris criteria [13]. It can be divided into three types. 
Mild reabsorption was defined as a lucency shadow 
around the graft of less than 33%. Severe reabsorption 
was defined as the lucency shadow around the graft of 
more than 50% of the graft. In comparison, a lucency 
shadow at approximately 33–50% of the graft reflected 
moderate reabsorption. (3) Loosening of the acetabular 
prosthesis was reflected by a shift (horizontal or vertical) 
of the acetabular cup of > 5 mm or the presence of trans-
parent lines around the prosthesis [14].

Statistical analysis
SPSS software (v25.0, SPSS Inc. USA) was used to ana-
lyze all the data. The measurement data were presented 
as the means ± standard deviations ( x ± s). The measure-
ment data of patients in the same group before and after 
the operation were analyzed by paired t tests, and the 
counting data were analyzed by χ2 tests. P < 0.05 was con-
sidered statistically significant.

Results
Operational data
The operation was completed successfully in 45 patients 
(56 hips). The operation time ranged from 80 to 
140  min (mean 95.53 ± 22.45  min). The average intra-
operative blood loss ranged from 80 to 400  mL (mean 
156.16 ± 69.25 mL). The average intraoperative volume of 
bone graft ranged from 32 to 55  cm3 (mean 40.59 ± 5.53 
 cm3). No intraoperative complications such as neurovas-
cular injury or femoral or acetabular fractures occurred. 
Retrograde removal of the femoral head was used in 45 
patients (56 hips). Osteotomy of the femoral neck was 
completed in two patients (2 hips) through greater tro-
chanter osteotomy. After prosthesis implantation, reduc-
tion of the hip joint was extremely difficult in three 
patients (4 hips), the femoral calcar had to be shortened, 
and the femoral stem moved downward.

The average depth of acetabular invagination before 
the operation was (10.97 ± 3.08) mm, ranging from 6.9 to 
18.2  mm. According to the Sotello-Garza and Charnley 
classification criteria [7], 39 patients (48 hips) were type 
II, and six patients (8 hips) were type III. The femoral 
head was trimmed with irregular particles, and the bot-
tom of the acetabulum was filled to restore the normal 
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center of rotation as much as possible. The horizontal 
distance between the center of the femoral head and 
Kohler’s line increased from preoperative 7.40–12.70 mm 
(mean 10.40 ± 2.50  mm) to postoperative 21.30–
28.40 mm (mean 24.03 ± 1.77 mm), and the vertical dis-
tance between the center of the femoral head and the line 
joining bilateral ischial tuberosities decreased from pre-
operative 81.10–104.50  mm (mean 72.36 ± 3.10  mm) to 
postoperative 67.70–80.50 mm (mean 92.48 ± 5.31 mm); 
the difference was statistically significant (P < 0.01).

Follow‑up joint function
The mean length of stay for all patients was 
9.66 ± 1.83  days, ranging from 7 to 14  days, and all 
patients were followed up for 2 to 8  years (mean 
5.20 ± 1.20 years). The range of flexion motion of the hip 
joint increased from 25° to 55° (mean 39.48 ± 8.36)° pre-
operatively to 90°–115° (mean 103.07 ± 7.64)° at the final 
follow-up, and the range of abduction motion increased 
from 5° to 20° (mean 10.86 ± 4.34)° to 30°–45° (mean 
36.75 ± 3.99)° at the final follow-up, with a statistically 
significant difference (P < 0.01). The average VAS score 
decreased from 3 to 8 (mean 5.21 ± 1.11) preoperatively 
to 0 to 3 (mean 0.98 ± 0.82) postoperatively, and the 
length difference of both lower limbs decreased from 
15–35  mm (mean 23.64 ± 5.00) mm preoperatively to 
1–14.00 mm (mean 5.73 ± 3.05) mm postoperatively. The 
Harris score increased from 30 to 50 (mean 37.84 ± 4.74) 
preoperatively to 80–96, with an average of 89.55 ± 4.05 
postoperatively. The difference between them was statis-
tically significant. All the patients in the last follow-up 
could move independently without assistance, including 
up and down the stairs and putting on shoes indepen-
dently. The subjective evaluation was very satisfactory. 
(Table 2).

Radiographic findings
Immediate postoperative anteroposterior pelvic radio-
graphs showed that the acetabular cup and femoral 
stem prosthesis were well-positioned and firmly fixed in 
45 patients (56 hips). The average tilt angle of the ace-
tabulum was 45° (range 39°–50°). In all cases, the x-ray 
showed that the impacted morselized bone graft was 
incorporated into the surrounding bone. One-year fol-
low-up x-ray showed continued growth of the trabecular 
bone through the prosthetic bone interface and fusion 
of the graft with the host bone. At the last follow-up, the 
x-ray of all cases showed accurate placement of the pros-
thesis and good biological fixation between the prosthe-
sis and the bone. There was no obvious transparent area 
between the prosthesis and bone interface, and the graft 
was well fused with the host bone. There was no obvious 

subsidence of the femoral prosthesis or loosening or 
invagination of the acetabular cup (Fig. 2).

Discussion
Clinical characteristics of acetabular protrusion secondary 
to RA
Acetabular invagination is a condition in which the inner 
wall of the acetabulum moves beyond Kohler’s line, 
causing joint pain and disability. It can be divided into 
primary and secondary, with primary acetabular her-
niation being a rare condition whose cause is not fully 
understood. Otto’s disease is the most common type of 
primary acetabular protrusion and usually occurs in 
young women. Secondary acetabular protrusion is asso-
ciated with a variety of diseases, which mainly include 
RA, ankylosing spondylitis, joint trauma, inflammatory 
diseases of the hip joint (such as infection), metabolic 
diseases (such as Paget disease), osteomalacia, rick-
ets, Marfan syndrome, etc. [3, 4]. Among them, RA and 
ankylosing spondylitis are the most common. Thirty-six 

Table 2 Follow‑up datas

Follow‑up index Data

Cases (hips) 45 (56)

Operation time (min) 95.53 ± 22.45

Blood loss (ml) 156.16 ± 69.25

Bone graft volume  (cm3) 40.59 ± 5.53

Length of stay (days) 9.66 ± 1.83

Follow‑up time (years) 5.20 ± 1.20

Distance of acetabular protrusion (mm) 10.97 ± 3.08

The hip rotation center (preoperative)

 Horizontal distance 10.40 ± 2.50 mm

 Vertical distance 72.36 ± 3.10 mm

The hip rotation center (postoperative)

 Horizontal distance 24.03 ± 1.77 mm

 Vertical distance 92.48 ± 5.31 mm

The length difference of both lower limbs (preopera‑
tive)

23.64 ± 5.00 mm

The length difference of both lower limbs (Postopera‑
tive)

5.73 ± 3.05 mm

ROM of hip joint (°) (preoperative)

 Flexion and extension motion 39.48 ± 8.36°

 Abduction motion 10.86 ± 4.34°

ROM of hip joint ((°)) (postoperative)

 Flexion and extension Motion 103.07 ± 7.64°

 Abduction motion 36.75 ± 3.99°

Preoperative Harris score 37.84 ± 4.74

Postoperative Harris score 89.55 ± 4.05

Preoperative VAS score 5.21 ± 1.11

Postoperative VAS score 0.98 ± 0.82
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percent of RA patients will have clinical symptoms of hip 
pain combined with imaging abnormalities, and 5.2% of 
patients present with acetabular protrusion secondary to 
RA [2]. Notably, compared with acetabular invagination 
caused by other factors, RA is mainly characterized by 
synovial hyperplasia and edema of the hip joint, erosion 
and exfoliation of the articular cartilage, and changes in 
the shape of the femoral head and acetabulum [2]. Fur-
thermore, the use of glucocorticoids in patients with RA 
is another important risk factor for acetabular contrac-
tion [3]. Acetabular invagination can lead to changes in 
the rotation center of the hip joint and the force distri-
bution of the hip joint, which further aggravates the pro-
gress of acetabular retraction. In the force distribution of 
the normal hip, the femoral head receives the force from 
the acetabulum, which is decomposed into the force of 
the femoral head pointing to the acetabular floor and the 
force in the vertical direction. However, when acetabular 

invagination occurs, the force distribution of the hip joint 
changes again and the force of the femoral head point-
ing to the acetabular floor increases (Fig. 2). The aggran-
dize of the force will increase the weight-bearing of the 
acetabular bottom and further accelerate the process 
of acetabular invagination. The distance of acetabular 
retraction is approximately 2 mm every year. The retrac-
tion of the acetabulum does not cease until the invagi-
nated greater trochanter rests against the outer edge of 
the acetabulum and is relatively stable [4].

Acetabular protrusion causes the hip rotation center 
to move upward, resulting in shortening of the affected 
limb, weakening gluteal muscle tension, limited flexion, 
abduction of the hip joint, and impingement of the hip 
joint [4]. THA is the most effective treatment and can 
relieve hip pain and restore joint function. The com-
mon manifestations of secondary acetabular invagination 
in RA are as follows: (1) The shape of the acetabulum is 

Fig. 2 A 54‑year‑old female patient was diagnosed with bilateral acetabular protrusion secondary to RA. (1) Preoperative anteroposterior x‑ray 
of the pelvis showing bilateral femoral heads protruding inward beyond the Kohler’s line. The patient was classified as type II according to 
Sotello‑Garza and Charnley criterion. (2) Cementless THA accompanied by acetabular reconstruction using impacted bone grafting. Immediate 
postoperativexX‑rays revealed that the acetabular prosthesis had a good position and initial stability, and the rotational center of the hip joint had 
returned to the normal anatomical location. (3) The 5‑year follow‑up after right hip replacement, there was no obvious loosening of the prosthesis, 
invagination of the acetabular cup, complete bone graft healing, and no bone resorption. Anteroposterior x‑ray of the pelvis showed that left 
femoral head protruding inward beyond the Kohler’s line, which was classified as type II. (4) postoperative x‑rays revealed that bilateral acetabular 
prosthesis had a good position and stability, and the left hip center had returned to the normal anatomical location; (5) The 2‑year follow‑up after 
left hip replacement, there was no obvious loosening of the prosthesis, and invagination of the acetabular cup
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irregular shaped, ranging from a normal semicircle to 
oval, and may even be accompanied by an incomplete 
acetabular ring or bone defect at the bottom of the ace-
tabulum. (2) The femoral head is deformed, collapsed, or 
even disappears. For patients with severe invagination, 
the femoral head and neck can be deeply trapped in the 
acetabulum, resulting in limited movement of the hip 
joint in all directions, even ankylosis. (3) Long-term wear 
of the acetabulum leads to thin and weak osteosclerosis 
at the bottom of the acetabulum and poor blood circula-
tion on the bone surface. (4) RA patients often have vary-
ing degrees of osteoporosis, so the surrounding bone of 
the acetabulum is easy to compress, which accelerates the 
process of invagination [4]. All of the above characteris-
tics increase the difficulty of joint replacement and the 
risk of THA complications, such as the initial stability of 
the prosthetic implant, which directly determine the suc-
cess or failure of the operation.

Surgical techniques
Patients with acetabular herniation secondary to RA usu-
ally suffer from osteoporosis, where the femoral head 
flattens or even disappears and the acetabular contour 
becomes oval with a large base and a small opening, 
even in combination with a disruption of the integrity 
of the acetabular ring or a bone defect at the base of the 
acetabulum. The femoral head is deeply trapped in the 
invaginated acetabulum, and the hip movement is sig-
nificantly limited in all directions, making it difficult to 
dislocate, which greatly increases the difficulty of the 
operation. Thus, improper intraoperative dislocation 
can accidentally lead to acetabular wall or femur fracture 
[15]. In practice, the femoral head should be removed 
retrogradely after femoral neck osteotomy, despite the 
difficulty of exposing the femoral neck trapped in the 
acetabulum and the limited surgical space. In patients 
with severe invagination of the acetabulum, however, 
the femoral head and neck are completely sunken into 
the acetabulum, even ankylosis of the hip joint, so rou-
tine femoral neck osteotomy is almost impossible. There-
fore, we can use a grinding drill or narrow bone knife to 
remove the lateral upper femoral head and upper edge 
of the acetabulum, with the purpose of partially expos-
ing the protrusion of the femoral neck and allowing 
neck osteotomy. If the above methods still do not allow 
complete osteotomy of the femoral neck, the greater 
trochanteric osteotomy must eventually be chosen, 
as the following femoral neck osteotomy will be clear, 
safe and easy to control the direction and depth of the 
osteotomy. However, this technique will increase the 
amount of intraoperative blood loss [2]. All the patients 
in this group were treated with retrograde removal of 
the femoral head. In this study, 39 patients (48 hips) with 

moderate acetabular invagination could be osteotomized 
at one step. The other six patients (8 hips) with severe 
acetabular invagination needed two-step osteotomy, and 
two patients (2 hips) underwent femoral neck osteotomy 
after greater trochanter osteotomy.

The bone structure and bone strength of the acetabu-
lum were relatively weak in RA patients. When using 
total hip arthroplasty for acetabular invagination, we 
should note that the acetabular rim may be weak, the 
acetabular wall may be thin, and inner acetabular defects 
may be present. Therefore, it is necessary to assess the 
outline and integrity of the acetabulum and bone defect 
size through preoperative radiographic images. Once a 
local bone defect in the acetabulum is discovered during 
the operation, bone grafting of the protrusio acetabuli is 
necessary to restore bone stock, provide a medial but-
tress for the cup, and adequately lateralize the cup for 
the restoration of the hip center. Acetabular treatment 
is divided into the acetabular ring and acetabular floor. 
First, when preparing to grind the acetabular ring, the 
acetabular file should be selected to be less than the ace-
tabular cup 1–2 in size. If an acetabular file of the same 
size or larger is selected to grind the acetabular wall, two 
adverse consequences will occur. (1) Oversized acetabu-
lar file will cause further bone loss of the acetabular ring 
and even destroy its integrity. (2) The acetabular ring 
polished with the same size or larger acetabular files can-
not provide hoop stress for the acetabular cup and can-
not obtain early stable mechanical fixation [16]. When 
dealing with the thin acetabular floor, it is generally not 
recommended to use acetabular files that are too small 
to grind the thin acetabular floor so as not to aggravate 
the further bone loss of the acetabular floor or even pen-
etrate the acetabular floor. In treating the hardened bone 
surface of the acetabular floor, we need to use a Kirsch-
ner wire to make multiple holes until the bone bed has 
punctate bleeding [16]. Finally, the femoral bone marrow 
cavity of the acetabular invagination secondary to RA is 
mainly characterized by thinning of the bone cortex and 
enlargement of the medullary cavity, which is similar to 
a "chimney" and is called the Dorr C femoral bone mar-
row cavity [17, 18]. Moreover, it is not uncommon for 
this type of Dorr C femoral bone marrow cavity to occur 
in those patients. Therefore, measurement of the femoral 
marrow cavity should not be overlooked in the preopera-
tive assessment of the acetabular bone condition. After 
acetabular reconstruction, the rotation center of the hip 
joint moves downward, and the limb length is recov-
ered, which makes joint reduction very difficult after the 
implantation of the prosthesis. If the postoperative limb 
length is more than 5 cm longer than before the opera-
tion, it is very likely to cause traction injury of the sci-
atic nerve [19]. It is worth noting that the integrity of the 
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gluteus medius and iliopsoas muscles must not be dis-
rupted; otherwise, postoperative recovery will be com-
promised [20].

How to handle the autologous femoral head for effec-
tive bone grafting is also a challenging technique. There 
are different ways to decompose the amputated femo-
ral head, which can be divided into bone strips, granu-
lar bone, and massive bone [21]. A previous study 
demonstrated that cancellous bone trimmed to a vol-
ume of approximately 5  mm × 5  mm × 10  mm is suit-
able for bone grafting, and the granular bone implanted 
is compacted with the acetabular file. Meanwhile, we 
should avoid washing the acetabulum with normal saline 
to prevent the loss of osteogenic factors in the granular 
bone [22]. In this study, granular bone was selected for 
the bone graft to reconstruct the acetabulum. First, the 
cartilage on the surface of the amputated femoral head 
was removed, retaining only the cancellous bone inside, 
which was then decomposed into a good deal of can-
cellous bone block of 5–10  mm or bone fragments of 
approximately 5  mm thickness. Finally, the bone frag-
ments and granular bones were implanted into the 
acetabulum in turn, and the bone fragments were com-
pacted with an appropriately sized acetabular file. If there 
is a bone defect in the acetabular wall, the removed femo-
ral head or autogenous iliac bone can be trimmed into a 
suitable curved bone for filling the bone graft. In patients 
with insufficient bone graft of the femoral head, alloge-
neic bone or autogenous iliac bone can be selected for 
bone grafting. Biological tantalum/titanium acetabular 
cups are selected to treat acetabular invagination second-
ary to RA because their high friction coefficient provides 
excellent initial stability for the prosthesis, and their high 
porosity is conducive to bone ingrowth, which provides 
good long-term biological fixation for the cup [23].

In this study, five patients (5 hips) with severe acetab-
ular invagination had bone defects at the bottom of the 
acetabulum, and the removed femoral head was trimmed 
into a suitable curved bone for filling the bone graft.

Medium‑term follow‑up outcomes
This study also revealed an increased need for blood 
transfusion in patients with protrusio acetabuli under-
going THA with a 28.5% incidence of transfusion in the 
anterior acetabulum consistent with previous literature. 
Lorentz et  al. [24] also showed an increased need for 
transfusion in patients with AP, with a transfusion inci-
dence of 24.4%. The increased complexity of these opera-
tions often requires larger surgical approaches and longer 
operative times. Therefore, surgeons must be aware of 
blood loss and be prepared for the possibility of greater 
transfusion. There are many unpredictable factors in this 
kind of patient during the operation. Therefore, it is very 

important to evaluate hip lesions in detail, including the 
morphology of the acetabulum and femoral head, the dis-
tance of invagination of the acetabulum, the bone defect 
of the acetabular inner wall, and the morphology of the 
proximal femoral medullary cavity on X-ray or CT before 
surgery. Only a comprehensive preoperative evaluation 
and personalized surgical plan can achieve good postop-
erative results. Therefore, when those patients undergo 
THA, we should consider not only the reconstruction of 
the acetabulum but also the soft tissue balance of the hip 
joint. The technical points of the operation are as follows 
[16]: (1) How to reshape the acetabulum and restore its 
integrity. (2) How can the anatomical rotation center of 
the hip joint be restored through sufficient bone grafting 
during the operation? (3) How to obtain stable compres-
sion of the acetabular cup for early stability of the acetab-
ular cup. (4) How to release the soft tissue of contracture 
to restore the normal soft tissue tension around the hip 
joint.

The curative effect after THA in patients with acetabu-
lar protrusion secondary to RA is related to many factors, 
including the recovery of the rotation center, the type of 
prosthesis and bone graft, the amount of bone graft, and 
the balance of soft tissue. The use of cement acetabular 
prostheses to treat acetabular invagination is controver-
sial because of the high loosening rate after cement total 
hip arthroplasty and the high temperature generated dur-
ing cement formation, which can damage the bottom of 
the acetabulum, further aggravating the depth of invagi-
nation and even penetrate into the acetabular floor [25]. 
Allogeneic bone grafts have some disadvantages, such 
as rejection, poor support strength, and poor integra-
tion with host bone, whereas autologous bone grafts have 
significantly lower risks. The amputated femoral head 
used as the source of bone graft not only achieves a good 
effect in the treatment of acetabular protrusion but also 
reduces the secondary injury of autogenous ilium [26]. 
In addition, the size of the bone graft is also one of the 
factors affecting the postoperative curative effect, and the 
suitable size is approximately 5–10 mm. If the cancellous 
bone is too large, it may be difficult to perform intraoper-
ative prosthesis installation and acetabular shaping. The 
bone graft, on the contrary, is too small to provide ade-
quate support [22]. A study found that the loosening rate 
of the acetabular prosthesis after THA is closely related 
to the distance from the rotation center of the acetabular 
prosthesis to the movement center of the hip joint [27]. 
When the center of rotation of the hip joint is restored to 
the anatomical position, the postoperative loosening rate 
of the acetabular cup is approximately 8%. If the distance 
between the rotation center of the hip joint and the ana-
tomical center exceeds 10 mm, the incidence of acetabu-
lar prosthesis loosening is as high as 50% [28]. If the hip 
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rotation center is far away from the anatomical rotation 
center after acetabular reconstruction, it will significantly 
increase the risk of prosthesis loosening (50%) and revi-
sion (24%) [4]. In patients under 50 years of age who use 
bone cement prostheses, the failure rate is as high as 36% 
after 10 to 15 years of follow-up [17]. A 20-year follow-
up study found that in treating acetabular invagination 
with cement prostheses during hip arthroplasty, the 
incidence of postoperative acetabular loosening is up to 
22%, and the incidence of revision is 8% [23]. Compared 
with cement acetabular prostheses, biological prosthe-
ses have obvious advantages in patients under 50  years 
old. Berend et al. [29] conducted a study to compare the 
long-term effects of cement prostheses and biological 
prostheses in the treatment of acetabular invagination. It 
was found that biological prostheses achieved long-term 
stable fixation through bone growth between the bone 
implant and the acetabular prosthesis. Its long-term utili-
zation rate was higher than that of bone cement prosthe-
ses. Patients with acetabular invagination secondary to 
RA are often young. We should choose biological pros-
theses as much as possible in the selection of prostheses, 
which can achieve long-term biological fixation and sta-
bility and reduce the probability of prosthesis loosening 
and revision.

All patients in this group were grafted with autolo-
gous femoral head and/or allogeneic bone to restore 
the normal anatomical rotation center. Concerning the 
length of the contralateral femoral neck, a standard-
length femoral head and neck prosthesis was selected 
to restore the normal femoral offset and the length of 
the affected limb. However, patients with acetabular 
invagination secondary to RA often had disuse contrac-
tures of muscles and soft tissues around the hip joint. 
When the rotation center of the hip joint was moved 
down during the operation, the surrounding soft tissue 
and muscles became more tense, resulting in reduced 
difficulties. Three patients (four hips) could not reduce 
the hip joint directly through traction during the 
operation, and the reduction was not completed until 
shortened osteotomy through the femoral calcar. The 
average Harris score and VAS score of all patients at 
the last follow-up were significantly higher than those 
before the operation. The range of motion, such as 
flexion, extension, and abduction of the hip joint, was 
greatly improved.

Conclusion
In summary, in patients with acetabular protrusion sec-
ondary to RA, there are usually related problems such 
as an incomplete acetabular ring or acetabular floor 
defect, femoral medullary cavity enlargement, soft 

tissue contracture, and osteoporosis. These problems 
bring great difficulties and challenges to accurate oste-
otomy, dislocation of the femoral head, and joint reduc-
tion. Therefore, careful evaluation of the acetabular and 
femoral morphology and bone defects prior to THA 
is essential. In the process of acetabular reconstruc-
tion, the anatomical rotation center of the hip joint is 
restored by complete bone grafting, and the integrity 
of the acetabular ring is repaired if necessary to pro-
vide stable fixation for the acetabular prosthesis. In this 
study, biological THA combined with autologous femo-
ral head bone grafting effectively relieved pain, restored 
hip joint function, and achieved an excellent medium-
term effect on acetabular protrusion secondary to RA.

However, the main limitations of this study were as 
follows: (1) The total number of cases in this study was 
relatively small, and the results might be biased, which 
still needs to be further supported by a large sample size 
study. (2) The postoperative follow-up time of this study 
was relatively short. (3) This study was a retrospective 
study, and the level of evidence was not high (Table 2).
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