
Total hip arthroplasty (THA) is considered the opera-
tion of the century1) and has been used as the treatment 
of choice for patients with numerous hip disease entities. 
However, early THAs with specific types of bearing had 
their inherent durability problems, ultimately leading to 
revision total THA.2) Thus, the incidence of femoral stem 

revision has been increasing.3) The achievement of stable 
and durable fixation of a femoral stem is challenging in 
cases with femoral bone loss, proximal femoral deformity, 
and periprosthetic fractures. 

Therefore, a long distally fixed cementless stem 
was introduced to bypass proximal femoral bony deficit. 
Though comparison between modular and nonmodular 
revision stems has been recently discussed, still there were 
several advantages of modular revision stems.4) They offer 
the independent optimization of the proximal and distal 
femur to maximize prosthesis fit. Moreover, individual 
adjustment of anteversion, leg length, and offset can be 
achieved.5)

Every 4 to 5 years, a novel modular revision stem is 
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introduced to the market with unique improvements, for 
example, in surface coating and with resolution or reduc-
tion of previous complications. The purpose of this study 
was to evaluate the clinical and radiological results of a 
novel cementless modular, fluted, revision stem.

METHODS
This study was approved by the Institutional Review Board 
of Seoul National University Hospital and Seoul National 
University Bundang Hospital (No. H-2104-215-1215 and 
No. B-2205-757-402). Informed consent was waived as the 
study was performed retrospectively.

This is a retrospective study on patients treated with 
Arcos modular femoral revision system (Zimmer Biomet, 
Warsaw, IN, USA) (Fig. 1) by two high-volume hip sur-
geons (JJY and YKL) at two tertiary institutions between 
March 2015 and March 2020. Arcos modular femoral 
stem has several types of proximal and distal components, 
which a surgeon can choose based on the operative situ-
ation. A cone type proximal component assembled with 
a splined tapered distal stem was used in this study. The 
cone type proximal component is porous plasma spray-
coated and has a length variability from 50 mm to 80 mm 
with offset option. The splined tapered stem has three dis-
tinctive features: splines all around the stem, a grit blast-
coated surface, and distally 3° tapered design. Clinical 
follow-up and radiographic examination were routinely 
performed at 6 weeks, 6 months, and 1 year after surgery 
and yearly thereafter. The average follow-up period was 2.8 
years (range, 1–6.2 years). 

Clinical outcomes were assessed using Koval grade6) 
and the visual analog scale (VAS).7) Preoperative, postop-
erative, and follow-up radiographs were analyzed by the 
orthopedic surgeon who was not involved in the surgery 
and was blinded to the patient information (HSK). Papros-
ky classification was used to evaluate preoperative bone 
defects.8) Periprosthetic femoral fractures were classified 
using the Vancouver classification.9) Stem stability, loosen-
ing, subsidence, and healing status of osteotomy site were 
analyzed in serial postoperative radiographs. Migration of 
stem was measured from definitive landmarks on the stem 
to fixed landmarks on the femur.10) Implant loosening was 
defined as progressive subsidence or radiolucent lines of > 
1 mm around the implant.11)

The mean age of the patients at the time of surgery 
was 67.0 years (range, 27–91 years). There were 42 female 
patients (40.0%). The average body mass index was 24.4 
kg/m2 (range, 15.5–37.5 kg/m2). The length of hospital 
stay was 10.0 days on average (range, 3–98 days) (Table 1). 
The initial operation was performed 12.2 years on average 
prior to revision surgery. Common indications for surgery 
were aseptic loosening (59.0%), periprosthetic fractures 
(19.0%), and the second-stage operation after prosthetic 
joint infection (9.5%). The Paprosky type IIIa bone defect 
was most common (35.2%), followed by type II bone de-
fect (32.4%). Most patients (71.4%) had combined spinal 
and epidural anesthesia since the mean operation time was 
197.3 minutes (range, 75–300 minutes). Femoral osteoto-

Fig. 1. Arcos modular femoral revision system used in this study (Zimmer 
Biomet, Warsaw, IN, USA).

Table 1. Demographics and Baseline Characteristics of 105 Hips

Parameter Value

Age (yr) 67.0 ± 12.3

Sex

   Female 42 (40.0)

   Male 63 (60.0)

BMI (kg/m2) 24.4 ± 3.9

Right : left 52 : 53

ASA physical status classification

   1 21 (20.0)

   2 63 (60.0)

   3 21 (20.0)

Hospital stay (day) 10.0 ± 11.7

Duration of follow-up (yr) 2.8 ± 1.6

Values are presented as mean ± standard deviation or number (%).
BMI: body mass index, ASA: American Society of Anesthesiologists.
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my was used in 32 cases: conventional greater trochanteric 
osteotomy in 8 and extended greater trochanteric osteot-
omy in 24. The most common femoral stem diameter and 
length were 14 mm (range, 12 to 24 mm) and 150 mm, 
respectively (Table 2).

Rehabilitation
Patients were instructed to limit their ambulation to toe-
touch weight-bearing for 6 weeks, followed by progressive 
weight-bearing over the next 6 weeks. Patients typically 
were allowed to bear weight as tolerated without a crutch 
or walker 3 to 6 months postoperatively.

Radiologic Evaluation 
Two orthopedic surgeons (HSK and JWP) analyzed all 
radiographs using a picture archiving and communication 
system (Infinitt PACS; Infinitt Healthcare, Seoul, Korea). 
Leg length discrepancy was defined as the perpendicu-
lar distance between a horizontal reference line drawn 
through teardrops and the lesser trochanters on an antero-
posterior simple pelvic radiograph. The final radiographs 
were used in outcome analyses. Stem subsidence was ana-
lyzed with the distance change from the tip of the greater 
trochanter to the stem shoulder.

Statistical Analysis
All data are shown as mean with standard deviation un-
less otherwise specified. Kaplan-Meier survivorship12) was 
calculated using the reoperation of the femoral component 
for any reason as endpoints. The data were statistically an-
alyzed using IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, 
USA). For post hoc power analysis, the program G*Power 
3.1 was used.

RESULTS
Clinical Outcome and Radiological Evaluation
Clinical follow-up showed that VAS scores improved from 
an average of 74.5 points (range, 50–90) preoperatively to 
21.1 points (range, 0–30) at the latest follow-up. The Koval 
grade was 2.7 ± 1.7 preoperatively and maintained at 1.2 ± 
0.8 at the latest follow-up. The postoperative radiographic 
examination revealed that 89 femoral stems (84.8%) re-

Table 2. Surgical Indications and Intraoperative Data of 105 Hips

Variable Value

Initial replacement to repair time (yr) 12.2 ± 10.6

Indication for surgery

   Aseptic loosening 62 (59.0)

   Peri-prosthetic fracture around a primary THA 20 (19.0)

   Septic loosening 10 (9.5)

   Failed treatment of hip fracture 7 (6.7)

   Other (hip infection sequelae, GCT) 6 (5.7)

Type of operation

   Both acetabular cup and femoral stem revised 54 (51.4)

   Only femoral stem revised 43 (41.0)

   Primary total hip arthroplasty 8 (7.6)

Paprosky classification of femoral defect

   I 17 (16.2)

   II 34 (32.4)

   IIIa 37 (35.2)

   IIIb 17 (16.2)

Anesthesia

   Combined spinal and epidural anesthesia 75 (71.4)

   General anesthesia 17 (16.2)

   Spinal anesthesia 13 (12.4)

Proximal femoral stem length (mm)

   50 34 (32.4)

   60 26 (24.8)

   70 29 (27.6)

   80 16 (15.2)

Distal femoral stem length (mm)

   150 71 (67.6)

   190 31 (29.5)

   200 3 (2.9)

Femoral stem diameter (mm) 16.5 ± 4.3

Table 2. Continued

Variable Value

Osteotomy

   Trochanteric osteotomy 8 (7.6)

   Extended trochanteric osteotomy 24 (22.9)

Estimated blood loss (mL) 1,134.4 ± 754.5

Operative duration (min)  197.3 ± 54.9

Values are presented as mean ± standard deviation or number (%).
THA: total hip arthroplasty, GCT: giant cell tumor.
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mained stable, while 16 stems (15.2%) acquired stable 
fibrous fixation (Fig. 2). On the range of femoral stem mi-
gration, the average subsidence was 1.6 mm (range, 0–11.0 
mm) at postoperative 1 year. Afterwards, all migrations 
were stabilized without further progression. The mean leg 
length discrepancy was improved from –32.2 mm (range, 
–55.7 to 5 mm) preoperatively to –10.8 mm (range, –51.8 
to 21.2 mm) postoperatively (Table 3).

Complications
We observed 1 periprosthetic fracture when the Arcos 
stem was inserted (Fig. 3). The level of fracture was at the 
very end of the distal portion of the stem and was treated 
by open reduction and internal fixation with cerclage 
wires in 3 days from the index operation. At postoperative 
2 years, the fracture was healed, and the patient was free 
of symptoms. Two hips were dislocated during the follow-
up. One of them was treated with closed reduction, and no 
more dislocation occurred throughout the follow-up. The 
other 98-year-old male patient suffered recurrent disloca-
tions and was treated with Girdlestone resection arthro-
plasty. 

Three periprosthetic joint infections occurred 
during the follow-up. The infections were noted at post-
operative 2 weeks, 3 weeks, and 2 years each. Two acute 
infections were treated with debridement with implant re-
tention and intravenous antibiotics treatment and Girdle-
stone resection arthroplasty each. After a follow-up of 1 
year, there were no signs of infection, and patients did not 
want further surgical intervention. 

Chronic periprosthetic joint infection was success-
fully treated by debridement and intravenous antibiotics. 
Conventional culture methods revealed Klebsiella pneu-
moniae as a causative organism of the infection. At 1 year 
after the surgical debridement, signs and symptoms of 
remnant or recurrent infection were not observed.

A B C D

Fig. 3. (A) A 68-year-old man had bipolar hemiarthroplasty 32 years ago 
due to osteonecrosis of the femoral head. The preoperative radiograph 
showed a loosened femoral stem due to a radiolucent osteolytic lesion 
around the stem. (B) The immediate postoperative radiograph showed a 
crack at the very distal end of the stem (arrowhead). He was treated by 
open reduction and internal fixation with cerclage wires 3 days after the 
index operation. The anteroposterior radiographs taken at postoperative 
1 year (C) and 2 years (D). He was without any symptoms at the latest 
follow-up.

A B C D

Fig. 2. (A) A 80-year-old man who had cemented total hip arthroplasty 
17 years ago due to ankylosis of the right hip had inguinal area pain 
due to polyethylene wear and osteolysis. (B) He underwent cup and 
stem revision, and the stem was revised to Arcos modular stem 
(immediate postoperative radiograph). The anteroposterior radiographs 
at postoperative 6 months (C) and 4 years (D) showed minimal osteolysis 
around the stem and negligible subsidence of the stem, with firm fixation 
of the functioning implant.

Table 3. List of Early and Late Postoperative Complications

Variable Value

Preoperative leg length discrepancy (mm) –10.8 ± 17.9

Postoperative leg length discrepancy (mm) –32.2 ± 21.1

Subsidence at postoperative 1 year (mm)  1.3 ± 2.4

List of early and late postoperative complications

   No complication 99 (94.3)

   Acute peri-prosthetic fracture 1 (1.0)

   Dislocation 2 (1.9)

   Chronic prosthetic infection 3 (2.9)

Values are presented as mean ± standard deviation or number (%).
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Survivorship
Overall, 5 reoperations (4.8%) were needed, including 1 
for acute fracture, 1 for recurrent dislocation, and 3 for 
periprosthetic joint infection (Table 3). There was no ob-
served septic loosening, dislocation, and modular junction 
fracture in our study. The overall cumulative Kaplan-Mei-
er survivorship with reoperation for any reason as the end-
point was 94.1% (95% confidence interval, 88.8%–99.3%) 
at postoperative 6.2 years (Fig. 4).

DISCUSSION
The ultimate goal of arthroplasty using a modular stem 
is to allow patients to have normal activity of daily living. 
Precise estimation of bone defect and appropriate stem 
selection are crucial. However, a thorough radiological 
examination sometimes cannot predict the extent of bone 
deformity and defect. Therefore, implants that allow sev-
eral combinations are useful. One of the strengths of this 
study is the implantation of the same stem in a relatively 
short period of time. In this study, results of Arcos modu-
lar stem were promising with a comparable extraction rate.

Despite several improvements in the current modu-
lar stem, previously known complications of the modular 
stem were also observed in this study. Subsidence after 
modular stem implantation was reported in several stud-
ies. Amanatullah et al.13) reported 7% of Link MP stem 
(Waldemar Link, Hamburg, Germany) subsided more 
than 5 mm, and 2 of them needed revision surgery. Kwong 
et al.14) reported the average migration of 2.1 mm at post-
operative 3.3 years with the same stem. With the PFM 
stem (Protek, Sulzer Orthopedics, Switzerland), McInnis 
et al.15) found that subsidence occurred in 84% with the 

average length of 9.9 mm in 2006. Recently, subsidence of 
2.1% in surgery using Revitan stems (Zimmer, Warsaw, 
IN, USA) had been reported by Jang et al.16) The average 
migration in our cohorts was 1.6 mm at postoperative 1 
year, and 7.8% of them showed more than 5 mm migra-
tion. Neither further migration nor any related complica-
tion, however, was observed in these patients. We believed 
that, unlike other previous modular stems, the Arcos stem 
was 360° splined with tapered distal portion and this fea-
ture might have resisted the rotational force and compres-
sion force, which prevented further subsidence. 

In most cases, periprosthetic fracture was the 
cause of surgery, in which it might be more challenging 
to achieve firm fixation than in any other cases. Stable 
fixation at 4–5 cm above the isthmus is considered to be 
important. Compared to other modular stems, Arcos 
stem had the splined tapered design around the stem shaft 
and grit blast coating to the distal tip of the stem, which 
seemed to provide the long-term stability through bone 
fixation and resist further migration. 

The intraoperative periprosthetic fractures are an-
other important risk in surgery using a fluted distally fixed 
modular stem. In previous studies, the prevalence of in-
traoperative fracture ranged from 3% to 18%.14,17-20) There 
was only 1 acute periprosthetic fracture (1.0%) that oc-
curred in our study, and it occurred at the very distal part 
of the stem. A plausible mechanism for the fracture was 
the sudden increase in pressure applied on the relatively 
narrow diaphysis during reaming or prosthetic insertion. 
Another possible reason would be the use of straight stem 
in a bowed femur. If the patient’s height was short with a 
relatively short femur, a curved type distal stem such as 
interlocking type or extended trochanteric osteotomy type 
might be appropriate to avoid iatrogenic fractures. The 
treatment of periprosthetic fractures is usually taxing with 
a high rate of prosthetic migration, mechanical failure, 
and subsequent instability. Therefore, strenuous efforts 
should be devoted to prevent this complication. Extended 
trochanteric osteotomy would usually help to position the 
femoral stem appropriately, but it was limited due to its 
own morbidity. Routine fluoroscopy check would also be 
practical to avoid the risk of intraoperative fracture.

The survival rate of Arcos stem in this study was 
94.1% with 95% confidence interval from 88.8% to 99.3%. 
This is comparable with the data in previously reported 
literature (Table 4).13,14,16,17,21-30) Shah et al.28) reported 86.3% 
of survival rate with Arcos modular stem, while Dyreborg 
et al.29) showed 96% of 5-year survival rate. Though there 
are no other data using Arcos modular stem from Asian 
countries, our data were consistent with previous studies. 
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There are some limitations of our study. First, our 
study was a retrospective study without a control group. 
Future large scale, prospective, randomized controlled tri-
als are needed. Second, the number of patients included 
was small, which might have decreased the type and inci-
dence of complications. The post hoc power analysis for 
complications indicates a lack of power. Despite the lack 
of power, this study demonstrated that the novel stem 
provided fair clinical and radiological outcomes. Future 
research with a larger cohort would be warranted. In ad-
dition, detailed clinical data such as patient outcome or 
satisfaction scores were absent. Finally, this study was 
performed in two tertiary referral centers with two hip 
surgeons, which might not be suitable for generalization of 
this result. 

In conclusion, the early- to mid-term results of 
revision THA with the cementless Arcos modular fluted 
tapered stem were encouraging with comparable survival 
and complication even in the East Asian population. Fur-
ther prospective and larger cohort research would be war-
ranted.
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Table 4. Previously Reported Survival Rates of the Modular Fluted Tapered Stems

Study Product name No. of hips Mean follow-up (yr) Survival rate (%)*

Chandler et al. (1994)21) S-ROM  52 3 84

Wirtz et al. (2000)22) MRP-Titan 142 2.3 95.8

Cameron et al. (2002)23) S-ROM 211 7 94

Kwong et al. (2003)14) Link MP 143 3.3 97.2

Schuh et al. (2004)17) MRP-Titan  79 4 96.2

Tamvakopoulos et al. (2007)24) Link MP  40 5.6 92.5

Weiss et al. (2011)25) Link MP  90 Minimum 5 90

Fink et al. (2014)26) Revitan 116 7.5 95.7

Amanatullah et al. (2015)13) Link MP  92 6.4 96

Jang et al. (2015)16) Revitan  47 4.5 86

Hoberg et al. (2015)27) MRP-Titan 136 4.6 85.6

Shah et al. (2019)28) Arcos  51 2 86.3

Dyreborg et al. (2020)29) Arcos 116 4 96

Zheng et al. (2021)30) Link MP  34 9.1 95

This study Arcos 105 2.8  94.1

*The reported percentages are either actual percentages of intact implants or based on Kaplan-Meier survivorship analyses. Thus, the average follow-
up periods may not equal the survivorship percentages shown.
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