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Abstract
BACKGROUND 
Utilizing the large jumbo cup in revision total hip arthroplasty is an effective 
approach to cure many lacunar and segmental peripheral bone defects. However, 
with the use of the jumbo cup, the center of the hip joint may become elevated 
relative to the primary acetabulum, and the diameter of the large cup is greater.

AIM 
To study the height and the significance of the elevation of the hip joint center.

METHODS 
Eighty-eight patients matched the criteria for this condition and were included in 
the study. The center height of the hip joint was measured relative to the opposite 
normal hip joint. The diameter of the jumbo cup was measured and checked 
according to operation notes, and the diameter of the jumbo cup was measured 
with a prosthesis label. Then, the horizontal and vertical centers of rotation were 
measured on the surgical side and opposite side. The average center height of the 
hip joint on the renovated side and the opposite side and the position of the hip 
cup relative to the teardrop were compared using a paired t-test.

RESULTS 
Radiometric analysis showed that the average hip joint center was elevated by 7.6 
mm. The rotational center height delta of the renovated hip was 7.6 ± 5.6 mm, and 
there was an obvious difference between the two groups (P = 0.00). The difference 
in horizontal distance was 0.5 ± 5.1 mm (-11.5 -14.0 mm), and there was no 
obvious difference between the two groups (P = 0.38). According to the foreign 
standard, the rotational center height delta of the renovated hip was 7.5 ± 6.2 mm, 
and there was a significant difference between the two groups (P = 0.00). There 
was no obvious difference between the domestic and foreign standards (P > 0.05) 
between the two groups.
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CONCLUSION 
The application of the jumbo cup elevates the rotational center of the hip joint, but 
it is feasible and effective to use the jumbo cup.

Key Words: Hip revision surgery; Jumbo cup; Center of rotation; Hip joint renovation; Hip 
joint

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we discuss the application of the jumbo cup via observing how 
high the elevation of the center of the hip joint is and its significance in imaging X-
rays, and came to the conclusion: The application of the jumbo cup elevates the 
rotational center of the hip joint, but it is feasible and effective to use the jumbo cup.

Citation: Peng YW, Shen JM, Zhang YC, Sun JY, Du YQ, Zhou YG. Jumbo cup in hip joint 
renovation may cause the center of rotation to increase. World J Clin Cases 2021; 9(22): 6300-
6307
URL: https://www.wjgnet.com/2307-8960/full/v9/i22/6300.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i22.6300

INTRODUCTION
Boneless, cement-coated, giant cups (jumbo cups) and bolt-fixed revision total hip 
arthroplasty (THA) are valid technologies for curing most failed acetabular 
components with cavities or subtle segmental bone defects[1-3]. In revision THA, 
giant, hemispheric, boneless concrete acetabular cups (jumbo cups) generally have 
excellent outcomes in durability and versatility in dealing with cavities or subtle 
segmental bone defects[1-3]. Compared with other acetabulum renovations, there are 
several advantages to the use of jumbo cups. First, they offer a large contact area 
between the principal bone and the surface of porous implants, which is good for 
reliable biological fixation[4]. Moreover, this method can utilize hemispheric surgical 
techniques.

Reamer and screw fixation are similar applications in initial THA. However, many 
bone defects we often confront can be filled by transplanting large acetabular cups and 
spongy bone, and we sometimes do not need large amounts of allogeneic bone 
transplantation and reinforcer. A giant cup (jumbo cup) provides a substitute method 
for filling bone defects and acetabular cavities, which involves the placing of a cup to 
fill defects in the acetabulum (high hip center) or using a hunch in the anatomical 
acetabulum[5].

However, to suit implants that are usually larger than the primary acetabulum, the 
jumbo cup technique requires reaming and preparation of the surface of the ace-
tabulum. Compared with the primary acetabulum, the diameter of the jumbo cup is 
greater, which may cause elevation of the center of the hip joint. This issue is related to 
changes in hip biomechanics and hip instability[6-8].

Leg length discrepancy is not uncommon after revision THA. However, unlike 
primary THA, limb shortening is more common than lengthening during revision 
THA, which can be related to cup positioning[9].

In the present study, there is clinical verification of the computer simulation 
research. We discuss the application of the jumbo cup through observations based on 
the height of the elevation of the center of the hip joint and its significance (about limb 
shortening or not) in imaging X-rays.

MATERIALS AND METHODS
General information
Inclusion criteria: One hip joint was normal, another underwent revision hip arthro-
plasty, and the diameter of the jumbo cup was no less than 64 mm in males and 60 mm 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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in females and had no heel or reinforcer.

Exclusion criteria: (1) The diameter of the jumbo cup was less than 64 mm in males 
and 60 mm in females; (2) The other hip joint had abnormalities, such as avascular 
necrosis, or integration; (3) Revision of total hip arthroplasty; (4) The use of a heel or 
reinforcer; and (5) A jumbo cup was placed with a high center of rotation on the 
renovated side.

Eighty-eight patients met the study criteria: 44 were males and 44 were females. The 
average age was 61 ± 11 years (range from 32-85 years), the average height was 165.1 ± 
7.8 cm (range from 146-182 cm), and the average weight was 70.8 ± 13.5 kg (range from 
43 -100 kg). We analyzed the images with Medcare software to measure the height and 
horizontal distance of the bilateral hip joint rotational center, including the abduction 
angle by utilizing this software.

Materials used
Prostheses were mainly from Pinnacle, with Gription Acetabular Cups from DePuy 
Orthopedics, Inc., acetabular cups from Zimmer Inc., America, and Cementless Hip 
Prostheses (CombiCups PF and TOPII) from Waldemar Link.

Measurement methods
All imaging measurements were performed by one experimenter. All imaging was 
conducted 1 wk after the operation (Figure 1), and measurements were taken with 
orthotopic X-ray of the pelvis using MedCare software. The main results were 
compared with those of the opposite side hip joint to assess vertical and horizontal 
differences between the hip joint centers. To identify the location of the rotational 
center, we drew a circle in the jumbo and opposite side hip joints, and these circles 
were aligned with the edge of the acetabulum. The center of this circle was assumed to 
be the hip joint center (Figure 2). The center height of the hip joint was estimated by 
measuring the height of the vertical line from the lower edge of the acetabular tear to 
the center of the hip joint. We could carry out measurements in the hip joint of the 
jumbo cup side and opposite side, and the difference in the vertical position of the 
center of the two hips was seen as the measurement of the upward movement of the 
center of the hip at the jumbo cup side. The lower edge of the acetabular teardrop was 
used as a reference point for measurement in that teardrop as an independent 
anatomical structure whose vertical position is not substantially affected by the 
rotation of the pelvis.

Data reconciliation
To determine how much of the vertical change in the center of the revision hip was 
due to the placement of the prosthesis above the teardrop line, the straight-line 
distance from the jumbo cup to the teardrop line was measured (Figure 3). This was 
deemed the elevation of the center of the hip join for the placement of the cup above 
the site originally planned. If the lower lip of the giant cup was under the teardrop 
line, then the cup was given a negative number. Since the position of the lower edge of 
the cup body is also affected by the abduction angle, the normal position of the cup 
should be at a 45° abduction angle.

The diameter of the jumbo cup was measured and checked according to the 
operation notes and using a prosthesis label. Then, the horizontal and vertical centers 
of rotation (H-COR and V-COR) were measured on the surgical side and opposite 
side. The average center height of the hip joint on the renovated side and the opposite 
side and the position of the hip cup relative to the teardrop were compared using a 
paired t-test.

RESULTS
The X-ray imaging analysis showed that our jumbo cup technique elevated the center 
of the hip joint. The average hip joint rotational center height of the jumbo cup was 
23.0 ± 6.1 mm (males = 22.1 mm, females = 24.0 mm). The average hip joint opposite 
side rotational center height was 15.4 ± 3.4 mm (males = 15.3 mm, females = 15.5 mm). 
This approach produced an average hip joint rotational center height difference of 7.6 
mm. The horizontal distance of the jumbo cup was 36.4 ± 4.6 mm (25.3-48.6 mm). The 
horizontal distance on the opposite side was 35.9 ± 4.4 mm (28.0-47.6 mm). The 
difference in horizontal distance in the renovated hip joint was 0.5 ± 5.1 mm (-11.5-14.0 
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Figure 1 Postoperative reexamination of jumbo cup.

Figure 2 The center of this circle was assumed to be the hip joint center[11]. After the left revision total hip arthroplasty obtained anteroposterior pelvic 
radiographs with a giant cup showed that the revision cup was larger than the contralateral acetabulum. The teardrop line intersects the lower edge of the cup, 
indicating that jumbo cup is placed in planned position that the lower edge of cup at the lower edge of acetabulum. The medium line is parallel to the lower edge of 
teardrop line and intersects center of right hip. The upper end line parallel to the tear drop line intersects center of the left giant cup. The distance (arrows) between 
two lines is labeled as elevated height of rotating center occurred in applying jumbo cup.

mm). The average abduction angle of the horizontal distance in the renovated hip joint 
was 40.6° ± 6.9° (28.1°-63.0°, Table 1).

The results of the paired t test showed that the height difference of the rotational 
center of renovated hip joints was 7.6 ± 5.6 mm, and that there was an obvious 
difference between the two groups (P = 0.00); however, the difference in horizontal 
distance was 0.5 ± 5.1 mm (-11.5-14.0 mm), and there was no obvious difference 
between the two groups (P = 0.38, Table 2).

According to European and American definitions of the jumbo cup criteria, we 
performed the statistical analysis again for patients who met the criteria, which 
resulted in a total of 88 patients (88 hips) in this study; a total of 54 patients (54 cases; 
25 males and 29 females) met the criteria for reanalysis. The average hip joint 
rotational center height of the jumbo cup was 23.2 ± 6.6 mm (males = 21.0 mm, females 
= 25.0 mm). The average hip joint rotational center height of the opposite side was 15.7 
± 3.4 mm (males = 15.7 mm, females = 15.7 mm). The results of this analysis showed an 
average hip joint rotational center height difference, and we found that the difference 
between the two groups was 7.5 ± 6.2 mm (-6.6-19.5 mm). The horizontal distance of 
the jumbo cup was 36.8 ± 4.5 mm (26.4-48.6 mm), and the horizontal distance on the 
opposite side was 36.0 ± 4.0 mm (28.1-46.3 mm). The difference in horizontal distance 
in the renovated hip joint was 0.8 ± 5.0 mm (-11.5-13.7 mm). The average abduction 
angle of the horizontal distance in the renovated hip joint was 41.2° ± 7.0° (28.1°-61.5°). 
The height difference in the rotational center of the renovated hip joint was 7.5 ± 6.2 
mm, and there was an obvious difference between the two groups (paired t test P = 
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Table 1 Measured values and mean values

Maximum values Minimum values Mean values

Diameter of acetabular cup (mm) 60.00 72.00 65.0000

Height of rotating center (mm) 5.60 39.80 23.0273

Height of contralateral rotating center (mm) 5.60 24.70 15.4011

Differences (mm) -6.60 19.50 7.6261

Horizontal distance of jumbo cup (mm) 25.30 48.60 36.4398

Contralateral horizontal distance (mm) 28.00 47.60 35.9398

Differences (mm) -11.50 14.00 0.5000

Abduction angle (°) 28.10 63.00 40.6011

Table 2 Significant difference of rotating center in revision hip

Mean values SD t Degree of freedom Significance (two tail)

Differences of vertical height 7.62614 5.58741 12.804 87 0.000

Differences of horizontal height 0.50000 5.07586 0.924 87 0.358

Figure 3 The X-ray photogrammetry used to determine relative center elevation and upper cup position of the hip joint is shown[11]. TL: 
Teardrop line; a’: Center height of hip joint of jumbo cup; a: Center height of hip joint offside; b’: Horizontal distance between teardrop and teardrop line and center 
line of jumbo cup hip; b: Horizontal distance between vertical line crossed teardrop and center of contralateral hip joint; c: The amount of elevation of center of hip 
joint (a’-a); d: The amount of elevation of center of hip joint due to the upper acetabular cup.

0.00); however, the difference in horizontal distance was 0.8 ± 5.0 mm (-11.5-13.7 mm), 
and there was no obvious difference between the two groups (P = 0.26, Table 3).

There were no significant differences between the domestic and foreign standards 
(Table 4).

DISCUSSION
Compared with other methods of acetabulum renovation, there are many advantages 
in applying the jumbo cup such as a large contact area between the principal bone and 
the surface of porous implants, which is good for reliable biological fixation. The 
jumbo cup also permits relatively direct and repeatable hemispheric surgical tech-
niques with reaming and screw fixation at the same time. However, to suit hemis-
pheric implants that are usually larger than the primary acetabulum, the jumbo cup 
technique requires preparation of the surface of the acetabulum, which may cause 
elevation of the center of the hip joint. The secondary cause is reaming in a dominant 
direction and placing the cup body above its intended position and/or causing the cup 
radius to increase geometrically. The diameter of jumbo cup is larger than that of the 
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Table 3 Significant analysis of foreign standard groups

Mean values SD t Degree of freedom Significance (two tail)

Differences of vertical height 7.50926 6.24353 8.838 53 0.000

Differences of horizontal height 0.76667 4.96030 1.136 53 0.261

Table 4 Comparison of domestic and foreign standards

The test of variance equivalence Mean isotropic t-test

F Significance t Degree of freedom Significance (two tail)

Differences of height

Assumed equivariance 988 0.322 0.116 140 0.908

No assumed equivariance 0.113 102.772 0.911

Differences of horizon

Assumed equivariance 0 0.997 -0.307 140 0.76

No assumed equivariance -0.308 114.256 0.758

primary acetabulum. Reaming in an upward direction may lead to the cup body being 
over the anatomical acetabulum, which causes elevation of the center of the hip joint. 
Moreover, using a large acetabular cup may cause elevation of the center of the hip 
joint due to the larger radius of the jumbo cup.

A vertical hip center shift during revision THA may result in leg length discrep-
ancies, altered hip biomechanics, and soft tissue laxity. A retrospective study involving 
79 THA revisions by Dou et al[9] showed that acetabular cup placement contributes to 
hip center elevation and leg length discrepancies after revision THA. In addition to its 
role in leg length changes, an elevated hip center can result in suboptimum bio-
mechanics of the hip. Delp et al[8] showed that superolateral placement of the hip 
center (2 cm superior and 2 cm lateral) decreases the moment arms of the hip 
abductors by an average of 28%, thus reducing force-generating capacity. Lachiewicz 
et al[10] reported a dislocation rate of 10% after jumbo cup revision THA, which was 
the most common complication observed in their series. Hip center elevation in jumbo 
cup revision THA, as we observed, may be one of several factors that contribute to soft 
tissue laxity and hip instability. To compensate for an elevated hip center, appropriate 
adjustments on the femoral side can be made to increase leg length and/or offset.

Despite the elevation of the rotational center of the hip joint, it was not sufficient to 
match the definition of a high rotational center, the elevation was a minimal. Although 
Nwankwo et al[11] and others found that the average rotational center rose 11 mm in 
their study, the rise in the average rotational center was only 7.5 mm in our study. 
These values represent excellent outcomes in numerous research reports regarding the 
placement of jumbo cups with high rotational centers in treating lateral acetabular 
defects[12-15]. Kelley[16]’s study of 23 jumbo cups placed with a high rotational center 
did not show loosening at an average of 35 mo of follow-up. In the longer series 
reported by Dearborn et al[17], there was only a 6% rate of mechanical loosening with 
a mean follow-up of 10.4 years. Utilizing a high center of the hip joint has a negative 
influence on the function of the abductor muscles, and differences in mean limb length 
were reduced after femoral reconstruction. This finding suggests that increasing the 
length of the femoral head may help to avoid limb shortening when using jumbo cup 
technology in revision THA. Some authors have reported encouraging clinical results 
with jumbo cups[10,18-21].

There are some limitations in our research design. There were deviations in the 
measurements from radiographic plain films. Measurements were made from specific 
anatomical marks used by an observer in every patient to reduce measurement errors. 
However, we were unable to identify accurately the reliability of the measurement 
techniques because there were no repeatability tests of intra-observer and inter-
observer variability included in the study. We also did not utilize an established 
taxonomy to quantify acetabular lesions in this series of patients.
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CONCLUSION
Based on our findings, we suggest that applying a jumbo cup in revision THA 
increases the height of the rotational center of the hip joint, but it is feasible and 
effective to utilize jumbo cups in revision THA with a limited height.

ARTICLE HIGHLIGHTS
Research background
Utilizing the large jumbo cup in revision total hip arthroplasty (THA) is an effective 
approach to cure many lacunar and segmental peripheral bone defects. However, with 
the use of the jumbo cup, the center of the hip joint may become elevated relative to 
the primary acetabulum, and the diameter of the large cup is greater.

Research motivation
In order to explore the height and significance of X-rays used to study the height of the 
hip joint center, as a guide for clinical work.

Research objectives
X-rays were applied to study the height and the significance of the elevation of the hip 
joint center.

Research methods
Eighty-eight patients were included in the study. The center height of the hip joint was 
measured relative to the opposite normal hip joint. The diameter of the jumbo cup was 
measured and checked according to operation notes, and the diameter of the jumbo 
cup was measured with a prosthesis label.

Research results
Radiometric analysis showed that the average hip joint center was elevated by 7.6 mm. 
The rotational center height delta of the renovated hip was 7.6 ± 5.6 mm, and there was 
an obvious difference between the two groups. For the difference in horizontal 
distance, there was no obvious difference between the two groups. The rotational 
center height delta of the renovated hip was 7.5 ± 6.2 mm, and there was a significant 
difference between the two groups.

Research conclusions
The application of the jumbo cup elevates the rotational center of the hip joint, but it is 
feasible and effective to use the jumbo cup.

Research perspectives
Applying a jumbo cup in revision THA increases the height of the rotational center of 
the hip joint, but it is feasible and effective to utilize jumbo cups in revision THA with 
a limited height.
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