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Ten-year results of 55 dysplasia hips of
hip offset and leg length reconstruction
in total hip arthroplasty with cementless
tapered stems having a high offset
option designed for dysplastic femur

Tomofumi Nishino1 , Hajime Mishima1, Haruo Kawamura2,
Tomohiro Yoshizawa1, Shumpei Miyakawa1 and
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Abstract
Purpose: In developmental dysplasia of the hip (DDH), the centers of hip rotation move in the superior and lateral
direction. In total hip arthroplasty for such cases, movement of the center of hip rotation is in the inferior and medial
direction. It causes an increase in leg length and a decrease in acetabular offset. We therefore evaluated the change of hip
offset and leg length before and after surgery with two stems having a high offset option. Patients and Methods: The
preoperative diagnosis was secondary osteoarthritis due to DDH excluded Crowe IV. A stem selection was decided
based on preoperative two-dimensional templating. Total 55 hips in 50 patients were followed up for minimum 10 years.
Pre- and postoperative clinical evaluations were performed using a hip joint function scoring system. Radiographic eva-
luations were used for offset and leg length measurements and other associated factors. Results: Both stems showed
excellent clinical results. A high offset option was used in 60% of all cases. No postoperative dislocations were observed.
The biological fixation was stable in all cases. The hip offset was restored without excessive leg lengthening in most cases.
Conclusion: Anatomical consistency could be maintained by using a stem which matched geometry of the proximal part
and had offset option. These cementless tapered stems having a high offset option are suitable for Crowe I to III hip
dysplasia if two-dimensional X-ray templates fit the shape of the proximal femurs. They were associated with excellent
clinical results and biological fixation. The offset option may be useful to adjust leg length and offset in DDH patients.
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Introduction

Total hip arthroplasty (THA) in patients with developmental

dysplasia of the hip (DDH) is technically demanding. The

anatomical abnormalities that are present depend on the

severity of the dysplasia.1 Moreover, patients with DDH are

smaller than the usual population.2 Anatomical abnormal-

ities of the acetabulum include acetabular dysplasia (shallow

acetabulum) and formation of a false acetabulum in the dis-

located position. In cases with a false acetabulum, the true
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acetabulum is extremely small. Biomechanically, the forces

through the hip joint are lowest when the cup is placed in the

original acetabulum.3 In most DDH cases, the center of hip

rotation moves in the superior and lateral direction. Move-

ment of the center of hip rotation in the inferior and medial

direction causes an increase in leg length and a decrease in

acetabular offset. The limb is lengthened by lowering the

acetabulum back to or closer to its anatomical position or by

inserting a femoral component that is longer than the length

of femoral bone that is removed.4 However, simultaneous

limb lengthening of both the acetabular and femoral sides

might not be possible because of soft tissue tension. The

restoration of the hip center of rotation also accompanies a

reduction of horizontal acetabular offset in most DDH

cases. Without compensation of horizontal offset by the

femoral side, the reduction of horizontal acetabular offset

can cause impingement of the proximal femur or femoral

(stem) neck against the pelvis and potentially lead to dis-

location. We therefore evaluated the change of hip offset

and leg length before and after surgery with two stems

having a high offset option.

Materials and methods

To fit the shorter average stature of Asians compared with

Caucasians, a stem from a company was modified. The

Asian version of the modified stem, named as stem A, in

which the stem length is 15 mm shorter than the original

stem in all sizes. However, the shape of these standard

stems does not always match the morphological character-

istics of some DDH cases. To accommodate the morphol-

ogy of the femurs of Asian DDH patients, stem B with

reduced flare as compared to the stem A was developed.

Both stems are made of a titanium alloy (Ti-6Al-4V) and

have a 3-degree tapered shape in the coronal and sagittal

planes. The proximal part of the stems was subjected to

porous coating (pore size, 200 mm) with titanium beads.

The middle to the distal portions of the stems were pro-

cessed by grit blasting (Ra ¼ 4.32 mm). At that location,

ribs were processed to create linear anterior and posterior

surface shapes to ensure rotational stability. The tip was

polished and bullet-shaped. The neck-shaft angle (131

degrees) and neck length (i.e. the amount of horizontal and

vertical offset) were equal to those of the original stem.

Two offsets, standard or high, may be selected without

changing the leg length. The stem B has a reduced flare

to accommodate the metaphyseal morphology of DDH

patients. The proximal shape was designed based on com-

puted tomography (CT) data from patients with DDH.5 Due

to the altered geometry, the mechanical strength of stem B

is lower than that of stem A. The extent of proximal porous

coating is shortened to produce the required mechanical

strength. The size of stem B ranged from #7 to #12,

whereas stem A ranged from #8 to #16. Theoretically, nar-

row medial-lateral width due to reduced flare is disadvan-

tageous for rotational stability. Moreover, a decreased area

of porous coating is also disadvantageous for initial press-

fit fixation and subsequent biological fixation, but it may be

advantageous in reducing femoral stress shielding.

A 26-mm-diameter cobalt-chromium femoral head or zir-

conia femoral head was used during the study period. For the

acetabular side, two kinds of hemispherical cups and a highly

cross-linked polyethylene liner were used for all cases.

A total of 55 primary THAs were performed in patients

with secondary osteoarthritis due to DDH during a 2-year

period starting in January 2006. The stem B was inserted in

21 hips in 17 patients. The stem A was inserted in 34 hips in

33 patients. All cases were followed for at least 10 years.

Cases of Crowe group IV dislocation,6 proximal femoral

shortening osteotomy, and previous valgus femoral osteot-

omy were excluded from the study. Use of the stem A or

stem B was decided based on preoperative templating using

plain anteroposterior radiographs, and we made a statement

that both sets of implants were available just in case. The

offset option was also considered based on preoperative

templating and intraoperative soft tissue balance tests.7

Morphological evaluation of the hip was conducted using

preoperative images from plain anteroposterior radiographs

of the pelvis and both hips. According to the Dorr classifica-

tion,8 the femurs were classified as type A (champagne flute

shape), B (funnel shape), or C (cylindrical shape). The cor-

tical index9 was defined as the proportion of the width of the

femur occupied by cortical bone at 10 cm below the lesser

trochanter. The canal flare index was defined as the ratio of

the diameter of the femoral canal at the isthmus in the ante-

roposterior view to the diameter of the medullary canal 2 cm

above the lesser trochanter.10 The femoral neck-shaft angle

(the angle formed by the line connecting the femoral axis and

femoral head center) was also measured. The degree of sub-

luxation was classified using the Crowe classification.6

Detailed patient demographics are shown in Table 1.

Significant differences between cases using each stem were

found in patient age, bilateral involvement, body mass

index, and Crowe classification.

In all cases, surgery was performed by the senior author

using a posterolateral approach. The femurs were prepared

with a hand-driven reamer and a broach. All stems were

inserted using press-fit technique. Partial weight bearing

was started after surgery, and the load was increased step-

wise to reach full weight-bearing within 2–4 weeks.

Informed consent was obtained from all patients, who

approved the use and publication of their data. This retro-

spective study was approved by our institution’s ethics

review board.

Pre- and postoperative clinical evaluations were per-

formed using the Japanese Orthopaedic Association stan-

dard scoring system for the evaluation of hip joint function

(JOA Hip Score).11 The score was based on a total of 100

points, composed of 40 points for pain, 20 points for range

of motion, 20 points for the ability to walk, and 20 points

for activities of daily living. Clinically, the postoperative

course was followed at 3 and 6 months after surgery, and
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then once every 6 months. The scores at the time of the

latest follow-up were compared with those before surgery.

Major postoperative complications such as dislocation,

deep infection, and periprosthetic fracture were investi-

gated. The stem size and usage of the standard or high

offset neck option were studied in both groups.

Anteroposterior radiographs, as well as axial and obli-

que images, of the hip joints were taken immediately after

surgery and at each clinical visit. Radiographic evaluations

were conducted retrospectively by two of the authors.

When the interobserver evaluations were substantially dif-

ferent, reevaluation and matching of the results were nec-

essary. The status of biological fixation of the femoral stem

was assessed using the criteria of Engh et al.12 Stem sub-

sidence was measured and a migration�2 mm was defined

as subsidence. Alignment of the stem was evaluated using

anteroposterior radiographs of the bilateral hip joints taken

immediately after surgery. Varus and valgus stem insertion

was defined as the presence of an inclination�3� compared

to the femoral axis or the presence of contact between the

stem tip and the medial or lateral inner cortex. All cases

other than those meeting the above criteria were considered

to be neutral stem insertion. Bone reactions such as the

presence or absence of spot welds and cortical hypertrophy

in each zone around the stem were evaluated according to

the Gruen classification of zones.13 The degree of stress

shielding and mode of biologic fixation were defined

according to Engh’s criteria.12,14

The methods for radiographic offset and leg length mea-

surements have been previously described by Dastane

et al.15 Briefly, the femoral offset was measured as the dis-

tance between the center of rotation of the femoral head and

the proximal femoral shaft axis. The acetabular offset was

measured as the distance between the center of rotation and a

vertical line through the ipsilateral teardrop. Hip offset was

calculated as the sum of femoral offset and acetabular offset.

Radiographic leg length difference was measured as the

difference between the hips in the distance between the

trans-teardrop line and the most prominent aspect of

the lesser trochanter. Preoperative femoral neck anteversion

and postoperative prosthetic neck anteversion (stem antever-

sion) were measured using CT. Anteversion was the angle

created by a cross section that includes the femoral neck axis

and a line drawn between the medial and the lateral epicon-

dyles of the distal femur, as described by Murphy et al.16

Clinical, radiographic, and surgical factors were evalu-

ated using the w2 test, Mann–Whitney U test, Wilcoxon

signed-rank test, or t-test, as appropriate. All statistical

analyses were performed using Statcel 3 software (OMS,

Saitama, Japan). The significance level was set at a¼ 0.05.

Ethical approval

This retrospective study was approved by our institution’s

ethics review board (H26-104).

Results

The JOA Hip Score improved significantly from 48 (range,

27–83) points preoperatively to 94 (range, 77–100) points

at the time of the final follow-up (p < 0.01). Major

Table 1. Patient demographics.

All Stem A Stem B p-Value

Number of follow-up cases 55 hips in 50 patients 34 hips in 33 patients 21 hips in 17 patients
Mean follow-up period (range) (months) 131 (120–142) 130 (120–142) 132 (120–142)
Number of men:women 9:46 7:27 2:19 0.28a

Mean age (range) (years) 57 (42–82) 58 (42–82) 52 (43–59) <0.01b

Affected side: right:left 24:31 16:18 8:13 0.71a

Bilateral affected: yes:no 30:25 15:19 15:6 <0.05a

Mean height (range) (cm) 153 (137–170) 154 (137–170) 151 (145–156) 0.09b

Mean body weight (range) (kg) 55 (39–86) 58 (44–86) 50 (39–68) <0.01b

Mean BMI (range) (kg/m2) 23.5 (16.4–34.2) 24.5 (18.1–34.2) 21.9 (16.4–30.4) <0.05b

Preoperative mean JOA Hip Score (range) 48 (27–83) 47 (30–79) 49 (27–83) 0.48b

Dorr type; A:B:C 8:42:5 6:23:5 2:19:0 0.1b

Cortical index (range) 0.53 (0.40–0.66) 0.52 (0.40–0.64) 0.55 (0.46–0.66) 0.086a

Thickness of medial and lateral cortices below 10 cm
of LT

12.0 (8.3–17.1) 12.6 (8.3–17.1) 10.9 (8.7–14.7) <0.01a

Diameter of femoral shaft at the same level 25.3 (21.0–31.2) 26.0 (21.7–31.2) 24.1 (21.0–27.1) <0.05a

Canal flare index (range) 3.95 (2.53–7.27) 3.89 (2.53–7.27) 4.06 (2.99–4.86) 0.059a

Diameter of medullary canal above 2 cm of LT 42.0 (34.6–53.1) 43.3 (35.0–53.1) 40.0 (34.6–49.1) <0.01a

Diameter of medullary canal at isthmus of femur 10.9 (7.3–15.1) 11.6 (7.3–15.1) 9.9 (8.7–13.5) <0.01a

Neck-shaft angle (range) (degree) 142 (120–178) 141 (120–178) 144 (128–157) 0.11a

Crowe’s classification; Group I:II:III 27:21:7 23:9:2 4:12:5 <0.01a

JOA: Japanese Orthopaedic Association; LT: lesser trochanter; BMI: body mass index.
aStatistical difference by w2 test.
bStatistical difference by Mann–Whitney U test.
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postoperative complications such as dislocation and deep

infection were not seen. However, two periprosthetic frac-

tures were observed, one at 7 and one at 11 years after

surgery. Both were classified as Vancouver type B117; one

was treated conservatively and the other was treated surgi-

cally with cerclage wiring. The median stem size in the

stem B and stem A was 10 and 11, respectively. The high

offset options were used in 33 of 55 hips, 13 case in the

stem B and 20 hips in the stem A. All stems had stable

fixation with bone ingrowth. Stem subsidence was detected

in three hips. The amount of subsidence was 2 mm in two

cases and 1 mm in one case, and occurred by 6 months after

surgery and did not progress further than that. Stem align-

ment was neutral in 43 hips, valgus in 5 hips, and varus in 7

hips. Spot welds were observed in 0, 20, 33, 0, 29, 29, 0

hips in the Gruen zones 1 to 7, respectively. Most spot

welds were observed at the middle to distal portion of the

stems. Cortical hypertrophy was observed in 3 hips in the

Gruen zones 3 and in 9 hips in the Gruen zone 5. The

severity of stress shielding was classified as none in 0 hips,

first degree in 11 hips, second degree in 24 hips, third

degree in 14 hips, and fourth degree in 6 hips. Results of

radiographic offset and leg length measurements are shown

in Table 2 and Figure 1. The leg lengths increased, although

there were few changes in hip offset. In fact, the reduction

in acetabular offset obtained by placing the cups in the

original position was balanced by the increase in femoral

offset using a high offset option. Furthermore, no signifi-

cant difference was seen between the standard and high

offset in the groups. To compare difference to the opposite

side in each radiological parameter between before and

after surgery, the hip offset and the leg length approached

near zero (Table 3). The average neck anteversion: 18.6

(range �11.9 to 52.6) degree change in the average stem

anteversion: 25.2 (range �0.4 to 38.5) degree. As a result,

the average proximal femoral anteversion increased 6.6

degree before and after the surgery. However, variation was

seen in the increase and decrease by a case.

Discussion

We found that with a follow-up period�10 years, all stems

achieved good outcomes both clinically and radiographi-

cally. Although there was a concern that the stem B might

be less stable than the standard stem because of its narrower

proximal geometry, the initial stability and subsequent bio-

logical fixation of the stem B was equal to that of the stem

A. According to Jingushi et al., the etiology of hip osteoar-

thritis in Japan was found to be acetabular dysplasia in most

patients.18 We used the stem A and stem B for relatively

mild DDH cases in this series. However, if the patients’

backgrounds were compared between the two groups, the

severity of hip dysplasia was more severe in the group with

the stem B. In cases of DDH, femoral implant selection was

determined by the severity of dislocation and morphologic

deformity, such as excessive femoral neck anteversion or a

narrow canal diameter.

In the past, cemented stems specifically designed for

DDH were developed, but low survival rate was a serious

problem.19–21 Recently, cementless modular stems have

been frequently used for cases of femoral shortening osteot-

omy.22,23 Modular stems are also used to adjust neck ver-

sion, neck length, and offset. However, modular stems have

problems specific to their structure, such as breakage of the

modular junction, and these have not yet been completely

resolved. Also, cementless monoblock stems were devel-

oped for DDH patients. Although these stems have had

favorable clinical results24,25 and a high survival rate, the

high offset neck option was not commonly used until

Table 2. Amount of change in offset and leg length.

Parameter Amount of change (mm, mean + SD)

Acetabular offset �14.5 + 8.5
Femoral offset 11.5 + 9.3
Hip offset �3.0 + 8.7
Leg length 15.8 + 7.8

Figure 1. Distribution of the change in leg length and hip offset.
Amount of change in leg length and hip offset between before and
after surgery in each patient in the groups was plotted. Black plots
indicate cases using a standard offset stem, and white plots indi-
cate cases using a high offset stem.

Table 3. A comparison in offset and leg length to the opposite
side.

Parameter

Amount of difference to the opposite
side (mm, mean + SD)

Presurgery Postsurgery

Acetabular offset �11.5 + 9.2 2.8 + 7.6
Femoral offset 8.5 + 11.8 �3.0 + 11.7
Hip offset �3.2 + 10.3 �0.6 + 8.8
Leg length 13.8 + 15.4 �2.0 + 13.6
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recently.24,25 In the present study, the amount in antever-

sion between before and after surgery increased. To exam-

ine the individual changes in detail, postoperative implant

neck anteversion was variable. It was considered as a result

that the surgeon tried to insert stems with 15 to 30 degrees

anteversion which considered optimal anteversion then.

Intentional adjustment of stem rotation may be easier for

surgeons using these stems. The stem B was selected for

use based on two-dimensional preoperative templating

using plain anteroposterior radiographs. Therefore, the

stem size used the stem B may be smaller than that used

the stem A. A high offset stem was used in 60%. In THA

for that dysplasia case, to place the acetabular component

in the original position is essential biomechanically. The

center of the hip rotation moves back in the inferior and

medial direction. As a result, acetabular offset decrease. If

hip offset couldn’t maintain, dislocation is concerned. So,

to gain femoral offset, large sized stem is inserted and then

excessive lengthening is also concerned. We named this as

“offset dilemma” in THA. The use of a high offset stem

may help prevent postoperative dislocation and excessive

lengthening, and no dislocations occurred in the present

study. Therefore, the clinical results represented by JOA

Hip Score were excellent.

Regarding bone reaction around the stem, our previous

experience with the original stem suggested that osteogenic

reactions such as spot welds and cortical hypertrophy were

frequently observed at the distal stem portion, which cor-

responded to Gruen zones 3 and 5. In this study, cortical

hypertrophy was also frequently observed at Gruen zones 3

and 5, and spot welds were observed at Gruen zones 2, 3, 5,

and 6. These findings suggest that the stems were biologi-

cally fixed in the middle to distal portion of the stems. As

has been emphasized thus far, the phenomenon of distal

fixation might come from the surface processing issue.26

Gruen zones 3 and 5, where bone reactions frequently

occurred, were exactly where the surface processing chan-

ged from grid blasting to polishing.

Stress shielding is bone resorption that occurs during

bone remodeling that is caused by decreased stress trans-

fer to the proximal femur, and it has a complex pathophy-

siology that is affected by multiple factors. In cases where

the original stem was used, we found a significantly

higher degree of stress shielding in patients using a larger

stem compared to body height. In the present study, two-

third hips were graded in mild stress shielding. Preopera-

tive two-dimensional templating may be one of the

reasons for this. Even if there was a size mismatch, stress

shielding did not occur because of matching of the shape

of the proximal portion.

In conclusion, these cementless tapered stems having a

high offset option are suitable for patients with DDH if

two-dimensional X-ray templates fit the shape of the prox-

imal femurs. They were associated with excellent clinical

results and biological fixation. The dual-offset option may

be useful to adjust leg length and offset in DDH patients.
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