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Background: The influence of varus insertion of femoral implants in uncemented total hip replacement

arthroplasty (THR) remains unclear. Thus, in this study, we retrospectively assessed the clinical impact

of uncemented THR with femoral implants that were inserted in varus on the basis of radiological find-

ings.

Materials and Methods: The study participants included 89 patients who underwent uncemented THR

for 106 joints and were followed-up for >3 years. From clinical records, we retrieved Japanese Ortho-

paedic Association (JOA) pain scores and the range of motion (ROM) of flexion and abduction both

preoperatively and at the final follow-up. The presence of varus insertion of the femoral implant and

stress shielding were also retrospectively reviewed from X-rays. We defined varus insertion of the femo-

ral implant as the axis of the femoral implant that was inclined to the femoral shaft by 2° or more.

Stress shielding was judged in accordance with Engh’s classification system.

Results: Of the 106 joints, varus insertion was observed in 40 (37.3%) (the varus group) but not in 66

(62.3%) (the non-varus group). The JOA pain score significantly improved in both groups; however,

there were no significant differences between the groups. Although ROM improved in both groups,

there were no significant differences between the groups. The appearance rate of stress shielding of

�third degree in the varus group was significantly greater than that in the non-varus group.

Conclusion: These results revealed that varus insertion of femoral implants had no influence on short-

to mid-term clinical outcomes because the pain score and ROM significantly improved in both the

varus and non-varus groups. However, high rates of severe stress shielding appeared with varus inser-

tion of femoral implants, suggesting an influence on long-term clinical outcomes.

(J Nippon Med Sch 2016; 83: 223―227)
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Introduction

The long-term clinical outcomes of varus insertion of

femoral implants in cemented total hip replacement ar-

throplasty (THR) are poor because of the prevalence of

postoperative complications, such as breakage of cement

in Gruen’s zone 7 due to the concentration of force1,2.

However, a few studies have reported that varus inser-

tion in uncemented THR does not influence short- to

mid-term clinical outcomes3,4. Therefore, we retrospec-

tively investigated the impact of varus insertion of femo-

ral implants, particularly on bone atrophy due to stress

shielding, on the basis of clinical outcomes and radiologi-

cal findings.

Materials and Methods

The study cohort included a total of 89 patients (9 males

and 80 females) who underwent THR for 106 joints at

our hospital and were followed-up for >3 years. The

mean patient age at the time of surgery was 64.6 years,

and the mean follow-up period was 6.9 years. All the

surgeries were performed via the posterolateral approach

with the patients in the lateral position using the VerSys
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Fig.　1　Engh’s classification system of stress shielding

Typical X-ray photos of each degree of stress shielding are 

shown.
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Table　1　Engh’s classification: Changes in degree of severerity of resorptive bone remodeling attributable to stress shielding

First degree Only the most proximal medial edge of the cut femoral neck was rounded off slightly

Second degree Rounding off of the proximal medial femoral neck was combined with loss of medial cortical density at 
level 1* as viewed on an anteroposterior film

Third degree More extensive resorption of cortical bone typically involved both the medial and the anterior cortical re-
gions at level 1 and the medial cortex at level 2**

Fourth degree Cortical resorption extended below level 1 and 2 into the diaphysis, with the changes characteristically oc-
curring in the medial and posterior cortices just above the level of the press fit where the cortex was most 
widely separated from the straight stem

* level 1: Resorptive bone remodeling does not extend below the level of lesser trochanter.

** level 2: Resorptive bone remodeling extends below the level of lesser trochanter

Hip System, comprising a VerSys HA/TCP Fibermetal

Taper femoral implant, Trilogy Acetabular Cup Multi-

hole, and Longevity Crosslinked Polyethylene liner (Zim-

mer, Warsaw, Indiana, USA).

We retrospectively reviewed clinical records to evaluate

the Japanese Orthopaedic Association (JOA) pain score

and the range of motion (ROM) of flexion and abduction

both preoperatively and at the final follow-up. The pres-

ence of varus insertion of a femoral implant and stress

shielding were also retrospectively investigated from X-

rays. In this study, varus insertion of the femoral implant

was defined as the axis of the femoral implant inclined

to the femoral shaft by 2° or more. Stress shielding was

judged in accordance with Engh’s classification system5

(Table 1, Fig. 1). The third and fourth degree in which

bone resorption extended below the lesser trochanter was

defined as severe stress shielding. The severity of stress

shielding was categorized as the first, second, or �third

degree.

Statistical analysis was conducted using SPSS 21 (SPSS

Inc, Chicago, IL, USA). The paired t-test was used for

comparisons of clinical outcomes between the two

groups, and the χ2 test was used to compare appearance

rates. P value less than 0.05 was considered statistically

significant.

Results

Of the 106 joints assessed in this study, 40 exhibited

varus insertion of femoral implants (the varus group)

and the other 66 joints did not (the non-varus group).

There were no statistical differences between the patient

profiles of the varus and non-varus group (4 males/36

females; mean age, 70.5 years vs. 5 males/61 females;

mean age, 70.8 years, respectively). The JOA pain score

and flexion/abduction ROM significantly improved in

both the varus and non-varus groups at the final follow-

up (38.5 and 38.3 points, respectively) as compared with

that before the surgery (15.9 and 16.6 points, respec-

tively); however, these differences were not significant

(Fig. 2). The mean flexion angles improved from 63.8°

and 57.8° before surgery in the varus and non-varus

groups, respectively, to 90.9° and 86.0°, respectively, at
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Fig.　2　JOA pain score

JOA pain score significantly improved in both groups. There were no significant differ-

ences between the two groups.

Fig.　3　ROM of flexion angle

The mean flexion angle significantly improved in both groups at the final follow-up. 

There were no significant differences between the two groups.

the final follow-up (Fig. 3). The mean abduction angle

improved from 14.7° and 10.3° before the surgery in the

varus and non-varus groups, respectively, to 23.8° and

22.3°, respectively, at the final follow-up (Fig. 4). There

were no significant differences in ROM measurements

between the two groups. The rate of severe stress shield-

ing of �third degree in the varus group was significantly

greater than that in the non-varus group (Table 2, Fig. 5).

Discussion

Varus insertion of a femoral implant in uncemented THR

is considered to occur because the femoral implants tend

to anteriorly enter into the femoral canal, resulting in

flexion insertion on the lateral view. Because the tips of

the femoral implants impinge on the posterior cortex of

the femur in this situation, it may only be possible to in-

sert smaller femoral implants. Accordingly, malalignment

on lateral radiographs because of the small size of the

femoral implants results in varus insertion on the antero-
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Fig.　4　ROM of abduction angle

The mean abduction angle significantly improved in both groups at the final follow-

up. There were no significant differences between the two groups.

Fig.　5　Appearance rate of stress shielding

The appearance rate of stress shielding of ≥3rd degree in the varus group was significantly 

greater than that in the non-varus group.

Table　2　Rates of stress shielding

1st degree 2nd degree ≥3rd degree

Varus group 14 2 21 joints

35.0 5.0 52.5 %

Non-varus group 12 2 20 joints

18.2 3.0 30.3 %

posterior radiographs. To avoid malalignment on lateral

radiographs, an accurate entry point to insert the femoral

implants is required so that the axes of the implants

align with those of the femur.

Some articles have reported that varus insertion of the

femoral implants does not influence clinical outcomes;

however, because these data were obtained over short-

term observational periods, long-term results remain un-

known. In this study cohort, varus insertion of the femo-

ral implants led to severe stress shielding. Thus, the fra-
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gility of the atrophied femur may have an important im-

pact on the incidence of periprosthetic fracture or diffi-

culty of re-operation in case of revision surgery.

Reportedly, the causes of stress shielding in unce-

mented THR were as follows: the size of the implant,

characteristics of the implant material, property of the

implant surface6, and surgical procedure7. In this study,

change in the transmission of the load to the femur may

have occurred in cases of varus insertion of the femoral

implant; thus, the surgical technique appears to be one of

the most important considerations to prevent this phe-

nomenon.

To overcome stress shielding in uncemented THR, the

use of a different femoral implant material has been sug-

gested in a study of femoral implants composed of a ma-

terial that closely resembles the stiffness of natural bone8.

As a more realistic approach, administration of bisphos-

phonate, which is used to inhibit bone resorption in os-

teoporosis, is reportedly effective for prevention of bone

atrophy. Yamaguchi et al9 reported that etidronate diso-

dium administration prevented stress shielding after

uncemented THR. Moreover, Tapaninen et al10 reported

the effectiveness of alendronate administration for the

prevention of bone resoption after uncemented THR.

However, Muren et al11 recently reported that administra-

tion of risedronate had no effect on periprosthetic bone

atrophy. Although the effect of bisphosphonate remains

controversial, if varus insertion is observed on postopera-

tive X-rays, the administration of these drugs should be

considered. Nonetheless, it is certain that avoiding varus

insertion of femoral implants in the first place is the most

important preventative measure.

Conclusions

The results of this study revealed that varus insertion of

femoral implants had no influence on short- to mid-term

clinical outcomes. However, high rates of severe stress

shielding appeared with varus insertion of femoral im-

plants, suggesting possible influences on long-term clini-

cal outcomes.
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