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Background: Revision total hip arthroplasty (RTHA) for loosening the femoral stem is a technical challenge. Distally fixed, full-
porous-coated long stems are widely accepted as the standard selection for these revisions. However, the success of primary stems in
RTHA is not well known.
Methods: This study enrolled 24 patients with aseptic loosening of the femoral stem who underwent RTHA using primary stems.
Another 72 patients with aseptic loosening who underwent RTHA using full-porous-coated long stems were matched in terms of
operation date, proximal femoral bone stock (Paprosky classification), sex, and age. The primary and secondary outcomes of failure
were the need for revision for any reason and the radiographic change in the stem respectively.
Results: In the primary stem group, one patient had a periprosthetic fracture and received a second RTHA 2 years after the previous
one. The primary outcome’s 5-and 10-year survival rates were both 95.8%. For the matched comparison group, one patient had an
immediate periprosthetic fracture of the femoral shaft requiring further open reduction internal fixation surgery. Another patient had
a full-porous-coated long stem breakage 6 years postoperatively, which required a second RTHA. The primary outcome’s 5-and 10-
year survival rates were 98.6% and 97.2%, respectively.
Conclusion: Primary stems can achieve non-inferior clinical success compared to a full-porous-coated long stem for aseptic stem
loosening RTHA in patients with adequate proximal femoral bone stock.
Keywords: revision total hip arthroplasty, aseptic loosening, primary stem, full-porous-coated long stem

Introduction
Revision total hip arthroplasty (RTHA), which represents 15% of all total hip replacements performed, is expected to
increase in prevalence.1 According to Australian Orthopaedic Association National Joint Replacement Registry annual
report 2021, common etiologies of RTHA procedures were prosthesis dislocation/instability (22.5%), infection (22.3%),
fracture (21.5%) and loosening (21.1%). However, by type of RTHA, femoral component revision was the most common
(32.6%).2 The surgical goal of the femoral side is to obtain adequate primary stability with a stem that “fixes as proximal
as possible and as distal as necessary”.3 The appropriate prosthesis and associated equipment selection depends on the
proximal femoral deficiency based on the Paprosky classification.4 In general, type 1 and 2 defects are best managed with
cementless and distally fixed revision femoral components, which have been associated with excellent and predictable
long-term function.5 Nonetheless, the use of revision long stems increases the complexity of the procedure and may
increase the risk of intraoperative periprosthetic fracture, which reduces bone stock for future reconstructions.6 Recently,
good results have been achieved with primary cementless stems in a revision setting. Cavagnaro et al reported 439
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patients (454 hips) with primary stems in revision settings for patients mostly with femoral Paprosky defect types 1 and 2
and stem-related survival rate 95.6% ± 3.8 was recorded in a systematic review.7 Currently, no study has compared the
clinical results of RTHA using primary stem and full-porous-coated long stems in a single institute with the same surgical
team. Therefore, this study aimed to compare the clinical results of RTHA using primary stems and full-porous-coated
long stems.

Materials and Methods
Patients
A retrospective review of single institutional data using primary stem or full-porous-coated long stem in RTHA surgery
was conducted. RTHA surgeries were performed by experienced surgeons from 2006 to 2018, with a minimum 3 years
follow up. A total of 1965 RTHAs were performed during this period in our institute. All patients who underwent first
RTHA due to aseptic loosening of the femoral stem were included. RTHA for septic loosening, hip dislocation, hip
fracture, and poor proximal bone stock (Gruen zone 1 and 7 deficit)8 and Paprosky types 3 and 4 were excluded.4,9

Twenty-four patients with primary stems (VerSys® Fiber Metal Taper Hip Prosthesis, VerSys® LD/Fx Cemented Hip
Prostheses, Zimmer®, IN, USA; Perfecta Hip system, Wright®, TN, USA; U2 Hip Stem, United®, New Taipei City,
Taiwan) were enrolled. Another 72 patients using cementless full-porous-coated long stems (VerSys® Beaded Full Coat
Revision Hip Prosthesis, Zimmer®, IN, USA; U2 revision stem, United®, New Taipei City, Taiwan) were matched
according to the operation date, proximal femoral bone stock (Paprosky classification), sex, and age. The patient
characteristics of these two groups are shown in Table 1. No significant differences were observed in the preoperative
demographic data between these two groups. The Ethics Committee of Chang Gung Memorial Hospital approved the
study (IRB 202100580B0). The informed consent was obtained from all study participants and the guidelines outlined in
the Declaration of Helsinki were followed.

Surgical Technique
Preoperative radiographs of patients with potential loosening were reviewed to assess the femoral bone stock according
to the Paprosky classification. All surgeries were performed using a modified Hardinge (direct lateral) approach. For
RTHA with primary stem, adequate debridement of the femoral canal was performed after removal of the previous
loosening femoral prosthesis. Then, a cementless fixed stem was inserted after the sequential broaching technique.10 Two
cases were decided intraoperatively using cemented fixation with a dedicated stem because the broach technique was
inadequate to achieve stability for cementless fixation. Another nine cases with loosening cemented stem were
preoperatively decided to cement a new stem on the residual cement mantle (cement-in-cement technique).11 For
RTHA with a full-porous-coated long stem, after smooth removal of the femoral component, adequate femoral canal
debridement and instrument reaming to ensure distal fit was achieved by measuring the adequate size and depth of the
femoral canal.12,13 Using preoperative radiographic templating, the aim was to achieve a scratch fit of the femoral canal

Table 1 Patient Characteristics

Primary Stem Revision Long Stem P value

Patient number 24 72

Sex 1
Male 16 48

Female 8 24

Age 62.3 ± 18.1 61.2 ± 13.2 0.75
Body mass index 28.0 ± 2.0 28.3 ± 1.7 0.55

Paprosky type 0.67

1 18 57
2 6 15

Preoperative Hip Harris Score 53.8±8.6 55.6 ± 10.3 0.2
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by engaging the distal portion of the stem tip. None of the long stem revision procedures were performed using the
cementing technique.

Outcome Measures
Patients were assessed at 3, 6, and 12 months and every 2 years thereafter postoperatively. Patient-reported outcome
measures including Harris Hip scores (HHS) were collected preoperatively and postoperatively until latest follow up.14

Postoperative radiographs, including anteroposterior and lateral views of the hip joint, were examined for evidence of
potential loosening, subsidence, fracture, or broken stem. Canal fill ratio of the stem for cementless stem was also
measured, which was defined as the width of the stem divided by the width of the canal at 7cm below the lesser
trochanter.15 Survival rate for two kinds of outcomes were recorded and compared between 2 groups. The first was the
radiographic change of femur or stem, such as loosening, subsidence, fracture, or broken stem. The second was the need
for 2nd revision for any reason. The radiographic assessments were interpreted by a senior orthopedic surgeon who had
more than 10 years of interpreting hip radiography images.

Statistical Analysis
Statistical analysis was performed using SPSS version 25 (IBM, Armonk, NY), and the means, standard deviations, and
ranges were used. The Pearson chi-square test was used to compare the categorical variables. An independent t-test was
used to compare the continuous values. Kaplan-Meier survivorship analysis was used with the endpoint of radiographic
change and 2nd revision with a 95% confidence interval (CI). A Log rank test was used to compare survivorship.
Statistical significance was set at p < 0.05.

Result
In the primary stem RTHA group, the average follow-up time was 7.6± 3.5 years. The HHS increased from preoperative 53.8
±8.6 to 86.3±10.7 (P<0.001) at the latest follow-up, which showed significant improvement. Among the 15 cases with
loosening cementless stems, 13 were revised with cementless stems, and 2 were revised with cemented stems. The canal-fill
ratio for the cementless component was 84.0 ±5.7 of cementless component. For 9 cases with loosening cemented stems, all
were revised with dedicated cemented stems. Among primary stem RTHA group, 22 patients had femoral components that
were integrated during serial follow-up without secondary subsidence, loosening, or progressive radiolucencies. One patient
had asymptomatic stem subsidence 5 months postoperatively and remained stable thereafter, which exempted further
management. Another patient had periprosthetic fracture caused by a traffic accident 2 years postoperatively and received
a second RTHA of the femoral component (Figure 1). The 5-and 10-year survival rates for radiographic change were both
91.7%. In terms of the 2nd revision, the 5-and 10-year survival rates were both 95.8% (Figure 2).

For the matched group, the average follow-up time was 6.8 ± 3.3 years. At the latest follow up, the HHS increased
from preoperative 55.6 ± 10.3 to postoperative 86.7 ± 9.1 (P<0.001), which showed significant improvement. The canal-
fill ratio was 88.9 ± 5.9 for the cementless full-porous-coated long stem group. Among the group, 68 patients achieved
femoral component stability without secondary subsidence, loosening, or progressive radiolucencies. Two patients had
asymptomatic femoral stem subsidence without further progression (both within postoperative 1 year); thus, no revision
surgery was needed. One patient had intraoperative periprosthetic fracture of the femoral shaft, which required immediate
open reduction internal fixation (ORIF) surgery (Figure 3). Another patient had long stem breakage due to a traffic
accident that required a second RTHA in the postoperative 6 years (Figure 4). The 5- and 10-year survival rate for
radiographic change of this group was 95.8% and 94.4%, respectively. The 5- and 10-year survival rate for 2nd revision
was 98.6% and 97.2%, respectively (Figure 2). A comparison of the above data between the two groups is presented in
Table 2. In terms of the comparison between two groups in survival rate for radiographic change and 2nd revision, no
significant differences were revealed.

Discussion
Full-porous-coated long stem prostheses are considered to be the first choice for most femoral component revision.5

Using an extensively porous-coated cementless femoral stem for RTHA has been well established by several studies with
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excellent mid-term results.16–18 A clinical trial by Wallace et al reported 98% success in achieving stable bony ingrowth
on radiographic analysis of 55 femoral stem revisions using a contemporary, cementless, and extensively porous-coated
monoblock long stem with a minimum 10 years of follow-up.12 These stems are designed to bypass deficient proximal
femoral bone stock and achieve stability in the isthmus. Primary stability is achieved by tight prosthetic fit and long-term
stability by distal biological ingrowth.19

However, using a full-porous-coated long stem increases the complexity of the procedure, which worsens the risk of
intraoperative fracture6 due to the mostly deficient bone in the proximal femur. Moreover, the distally fixed long-stem
prosthesis significantly predisposes the patient to stress shielding, especially when a large-diameter femoral stem is required.
This was noted in separate long-term follow-up studies published previously.20–22 Severe postoperative thigh pain of 8–9%
has been reported with the use of such prostheses.23 There are also concerns, such as mismatched femoral canal bowing and
high cost. Last but not the least, in patients with extensive femoral defects (Paprosky types 3 and 4), the failure rate of using
these femoral stems is also reported high.24 Thus, we believe that the primary stem could play a significant role instead of
full-porous-coated long stem in specific conditions, such as good proximal femoral bone stock. Cavagnaro et al concluded
that the proper indication of using primary stems in RTHA is limited bone loss with a low number of previous surgeries.7

This correlates with our inclusion criteria, which are limited to Paprosky defect type 1 or 2. In addition, we excluded septic
loosening of the femoral component because the gold standard for this situation requires staged surgery, which was not
suitable for our data analysis. Expectedly, promising results have been achieved with primary stem in revision setting with
survival rates ranging from 94.9% to 100%, which mostly correlated with the reviewed projects.7,10,25,26

Subsidence of the femoral stem is frequently reported, probably due to the lack of early press-fit sufficient to
withstand patient loading.26 In fact, the interpretation of secondary subsidence of the femoral component depends on the

Figure 1 Pelvis AP radiograph of 41-year-old patient suffered from stem loosening of primary THA, s/p periprosthetic fracture 2 years after the first RTHA with primary
stem and receiving second RTHA. (A) Aseptic loosening of left femoral stem, the arrow shows the subsidence of stem and radiolucency around prosthesis before the first
RTHA. (B) Immediate postoperative radiograph of the first RTHA using primary stem, which was ML taper stem from size 12.5mm changed to size 15mm. (C)
Periprosthetic fracture (Vancouver type B2) occurred 2 years after the first RTHA surgery. (D) Second RTHA using cementless full-porous-coated long stem and multiple
wiring fixation.
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design of the component. With extensively porous-coated stem (“fit-and-fill” design), primary stability is obtained in the
diaphyseal femoral area by close contact between the host bone and the component. With these components, secondary
subsidence between 4 and 10mm indicates loosening.22 With “press-fit” designs, such as primary stem, after obtaining
bone-component surface contact, primary stability was obtained by a wedging effect, which is supposed to create greater
stress at the bone-component interface than the destabilizing forces on the femoral stem such as rotation and subsidence
strains. In our study, one subsidence occurred 5 months after the revision surgery with less than 4mm in the primary stem
group and two subsidence in the full-porous-coated long stem group within the first postoperative year. Nevertheless,
these subsidence were clinically benign and asymptomatic, and both stem and long stems presented radiographic stability
and clinical success.

A patient had intraoperative periprosthetic fracture of the femoral diaphysis, which required further ORIF surgery. The
reported intraoperative fracture rate of the revision femoral component was 12%, in which cementless and cemented stems

Figure 2 Kaplan-Meier survivorship curve compared between primary stem and full-porous-coated long stem groups. (A) Survivorship curve for radiographic change. (B)
Survivorship curve for revision.
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accounted for 19% and 6% of the 5417 RTHAs.27 The reported incidence of intraoperative femoral fracture varied by stem type:
fully coated (20%), proximally coated (19%), and modular fluted tapered (16%).27 Most fractures occurred during the insertion
of the femoral component (35%), with one-third involving the diaphysis and 26% being of the calcar crack.27 In Asian
populations, especially in elderly women with stature, the extensively porous-coated long stemmay not be easily applied during
prosthetic insertion. The straight cylindrical extensively porous-coated long stem is too long to safely reach the femoral diaphysis
without penetration of the bowing femoral canal.28 Thus, the template technique for identifying the ideal implant selection is
important in patients with short stature to prevent this specific complication. Once the template is mismatched, alternative
implants should be considered, such as shorter, modular fluted tapered femoral stems, or cemented ones.27,29 Moreover, fracture
of the prosthetic stem body was reported by Muller.30 Most of the reported stem fractures involved cemented prostheses,
probably because of the proximal cement loosening but a distally well-fixed component that allows cantilever bending forces on
the stress riser.30 Fracture of cementless, full-porous-coated femoral stems are rare and causes catastrophic failure of a previously
well-functioning prosthesis.We have reported a series of 17 broken stems in 251 RTHAs from 2006 to 2012 at our institute.31 To
prevent this relatively rare but specific complication according to the current study, we recommended the use of primary stem
either cemented or cementless for aseptic stem loosening in patients with adequate proximal femoral bone stock.

Our study has several limitations. First, it was a retrospective study with a relatively short mean follow-up period
of 7 years. However, the failure of revision, such as subsidence, mostly occurred early within the first
postoperative year. Although this was a retrospective study, we attempted to match the comparable cohort of

Figure 3 Pelvis and femoral radiograph of 58-year-old patient suffered from stem loosening after primary THA, intraoperative tip fracture during RTHA, and revision with
long stem combined additional ORIF. (A) Aseptic loosening of left femoral stem before RTHA surgery. (B) Intraoperative radiograph revealed periprosthetic femoral shaft
split fracture over stem tip (red arrow). (C) Immediate ORIF was performed combined full-porous-coated long stem RTHA. (D) 5 years postoperative radiograph revealed
stable prosthesis and fracture union.
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primary stem and full-porous-coated long stem according to implant selection, bone stock classification, sex, and age
demographics to identify potential differences. Most importantly, the results of the current study are specific but
comparable to those in the literature on femoral revision of RTHAs.7,10,25,26 Second, technical details associated
with bone grafting or cementing technique varied because the device’s characteristics were the most difficult to
present. However, the single institute and same surgical team analysis realized the adequate technical and individual
control of surgeon bias, which provided reliable information for clinical application. Third, the composing of 11
cemented and 13 cementless stem in revision setting of primary stem group might affect the outcome and further
study is needed to address this issue. Last but the least, the number of cases in this series was relatively small (24
+72 cases), which showed that the indications for adequate proximal femoral bone stock femoral component revision
were limited in case number. However, because of the restricted indication of inclusion, this homogeneous matched-
paired study provided sufficient reference value for orthopedic surgeons in terms of femoral component RTHA.
Nonetheless, we advise a prospective standardization of the methodological analysis to compare the available data
and achieve definitive results.

Conclusion
In our study, with adequate patient selection and delicate preoperative femoral bone stock evaluation, we affirm that the
primary stem in femoral revision RTHA represents an available and feasible option because it can achieve non-inferior
clinical success compared to a full-porous-coated long stem.

Figure 4 Radiograph of 62-year-old patient suffered from long stem breakage 6 years after the first RTHA, which was revised with a new cementless full-porous-coated long
stem. (A) Aseptic loosening of right femoral stem, the arrow shows the subsidence of stem and radiolucency around prosthesis with advanced osteolysis. (B) Immediate
radiograph of RTHA using full-porous-coated long stem, collar fracture was repaired with cerclage wire. (C) Long stem breakage (red arrow) occurred 6 years after revision
surgery. (D) Second RTHA using cementless full-porous-coated long stem with multiple wiring ORIF.
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