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 Background: This study examined a cohort of patients who underwent bilateral THAs. CFP prostheses and ribbed prosthe-
ses were each used on both sides. We assessed the midterm clinical, radiological, and bone remodeling out-
comes around prosthesis of these patients.

 Material/Methods: From January 2009 to January 2013, 53 patients were enrolled in our study. We clinically evaluated all patients 
by recording Harris hip and Oxford hip scores. Some radiological indicators of the femoral prosthesis position 
were measured. Periprosthetic bone remodeling was assessed via bone mineral density (BMD) measurements.

 Results: The mean preoperative HHS of the CFP group and ribbed group were no significantly different (P=0.570). 
The neck-shaft angle in the ribbed group was significantly greater than in the CFP group (P<0.001). The CFP 
group had a greater offset (P<0.001). There was no significant difference in leg-length discrepancy (P=0.727) 
or Engh score between the 2 groups at the last follow-up (P=0.858). The preoperative BMD was increased at 
the last follow-up in Gruen zones 3 and 5 (P<0.05) and decreased in Gruen zones 1 and 7 (P<0.05) on the CFP 
side. BMD was increased in Gruen zone 4 (P=0.007) on the ribbed side. Pearson correlations and rate of com-
plications were not significantly different.

 Conclusions: Both the CFP and ribbed stem significantly improved the preoperative HHSs and OHSs. The bone remodeling 
of the CFP stem was more concentrated in the middle and distal regions of the prosthesis, while that of the 
ribbed stem was more concentrated in the proximal portion of the prosthesis.
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Background

Total hip arthroplasty (THA) is one of the most successful sur-
gical operations introduced in recent decades, with universally 
high patient satisfaction above 90% [1,2]. However, the be-
havior of periprosthetic bone in THA is complex and poor-
ly understood, possessing both temporal and spatial unpre-
dictabilities. Numerous studies [3–5] have confirmed that the 
periprosthetic prosthesis bone mineral density (BMD) after 
THA is somewhat changed. Importantly, this change may alter 
the risk of periprosthetic fractures and increase the complex-
ity of any necessary revision. Many different types of THA are 
available and differ in the materials used, prosthetic design, 
and type of fixation and coating, which affect bone remod-
eling around the prosthesis [6–8]. Choosing the best implant 
is a crucial step in THA, which needs careful consideration. In 
order to minimize bone remodeling caused by stress shield-
ing, many uncemented anatomical stems have been designed 
to better promote proximal fixation. These stems have been 
widely utilized in THA. Many studies [9–11] have reported 
that different stems, such as collum femoris-preserving (CFP) 
stems and ribbed stems, have distinct characteristics with re-
gard to bone remodeling. Previous studies have made com-
parisons among stems to assess the effect of differences in 
stem geometry on periprosthetic bone remodeling. However, 
these studies lacked medium- or long-term follow-up and did 
not cover the comparisons between short-curved anatomical 
stems and standard anatomical stems.

In this retrospective study, we examined a cohort of patients 
who had bilateral THAs with a standard anatomical ribbed 
prosthesis (LINK, Hamburg, Germany) on one side and a short-
curved CFP prosthesis (LINK, Hamburg, Germany) on the oth-
er side. We assessed the midterm clinical, radiological, and 
periprosthetic bone remodeling outcomes of these patients.

Material and Methods

Study population

From January 2009 to January 2013, 58 patients underwent bi-
lateral hip arthroplasties and CFP prosthesis and ribbed prosthe-
sis were each used on both sides. During the study, 5 patients 
died and were not included in analysis; the remaining 53 pa-
tients were enrolled. Only patients who meet the following con-
ditions were included: patients with osteonecrosis of the fem-
oral head (ONFH) stages III and IV according to the Association 
Research Circulation Osseous classification, and osteoarthritis 
grades III to IV according to the Kellgren-Lawrence classifica-
tion. We excluded patients with an extreme difference of more 
than 1 grade between the hips based on any of the systems 
and those who missed follow-up appointments were excluded. 

The study was approved by the Institutional Review Board of 
the Third Hospital of Hebei Medical University and was con-
ducted in accordance with the Declaration of Helsinki. Because 
it was a retrospective study and all patient information was de-
identified before analysis, informed consent was not necessary.

Prosthetic design

Both the uncemented CFP (Waldemar-Link, Hamburg, Germany) 
and ribbed stems (Waldemar-Link, Hamburg, Germany) are 
made of titanium alloy (Ti6AI4V) (Figure 1). Detachable col-
lars are designed on both femoral stems to reintroduce phys-
iological force into the femur. To stimulate osseointegration, 
both stems have a 70-μm-thick microporous surface. Both 
stems were designed as left and right versions with different 
anatomic S-shaped curvatures and to undergo distal polish-
ing and continuous tapering. The primary difference between 
the stems is that the osteotomy line of the CFP short-stem 
prosthesis is at the subcapital of femoral neck, while a lateral 
fin and anchoring screw were included into the proximal por-
tion of the ribbed stem prosthesis, which can achieve primary 
stability and reduce rotation after implantation. Furthermore, 
grooves are made into the lateral portion of the CFP stem. Only 
CFP and ribbed stems with a 126° neck-shaft angle were im-
planted in our study.

Surgical procedure

All operations were performed by the same group of surgeons. 
A posterior-lateral approach was used in all operations. In pre-
vious research, a perfect match between prostheses and bone 
socket could not be ensured by the standard preoperative tem-
plating. In some situations, there may be a large deviation be-
tween the prostheses and bone socket. Therefore, preopera-
tive templating was not performed in our study. The surgical 
procedures were as follow. After the hip joint was dislocated, 
an osteotomy was made in a proper position. Then, the ace-
tabulum explosion was performed, and the acetabular compo-
nent with suitable size was implanted. Next, the compressor 
was used for metaphyseal medullary preparation. Then, a CFP 
or ribbed stem was implanted. Finally, a metal or ceramic head 
was implanted, and the joint reduction was performed. An ac-
etabular screw was not routinely used for acetabular fixation. 
Postoperatively, intravenous antibiotics were routinely admin-
istered for all patients to prevent infection, and low-molecular-
weight heparin was injected to prevent thromboembolic events. 
On the second day after surgery, patients without periprosthetic 
fractures performed walking exercise with full weight-bearing.

Outcomes

We recorded the following demographic characteristics of pa-
tients: age, sex, smoking status, alcohol consumption status, 
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A B

Figure 1.  (A) Collum femoris-preserving stem. (B) Ribbed 
anatomic stem.

A B

Figure 2.  X-ray of a collum femoris-preserving stem (A) and a 
Ribbed anatomic stem (B)

body mass index (BMI), BMD, preoperative diagnosis, and post-
operative complications.

The Harris hip scores and Oxford hip scores of all patients was 
recorded and clinically assessed. For all patients, pelvic antero-
posterior view and lower-limb full-length view X-rays were taken 
preoperatively and postoperatively. The anteroposterior view 
radiograph of the pelvis, especially after surgery, was neces-
sary (Figure 2). For the X-ray, the patient was positioned in a 
standing posture with double-leg support. The foot-spacing 
should be equal to the shoulder width, with bilateral tiptoe 
rotated 15 degrees inward. On the anteroposterior pelvis ra-
diograph, we defined the vertical distance from the rotation-
al center of the femoral head to the middle axis of the femur 
as the offset. We defined the length from the rotational cen-
ter of the femoral head to the middle point of the ankle mor-
tise as the length of the lower limbs. The difference in value 
between the postoperative lower-limb length and the preoper-
ative ipsilateral lower-limb length was defined as limb length 
discrepancies. At the last follow-up, the fixation and stabili-
ty of stems was assessed by use of the Engh scoring system.

Dual-energy X-ray absorptiometry (DEXA) (Hologic, Inc., 
Waltham, MA, USA) scans were used to determine the quality 
of bone around the stem in both hips (Figure 3). A low BMD 
level around the hip joint is usually found in younger patients 
with end-stage ONFH because of serious limitation of motion. 
Previous studies have confirmed that a low-level BMD leads 
to periprosthetic fracture and other complications. Thus, we 
believe that the preop-DEXA is necessary for young patients 
who need THA. As references, Gruen zones G1–G7 were quan-
tified in mg/cm2. The BMD level were assessed and recorded 
before surgery and at the last follow-up, and the remodeling 
pattern was determined. We defined the BMD change ratio 

as the ratio of preoperative BMD to BMD at the last follow-
up. The ratio was calculated on each side and in each zone.

To obtain radiological measurements, the Picture Archiving 
and Communication Systems of our hospital was used. Two 
experienced orthopedic surgeons measured these indicators 
independently and then averaged the values. For intra- and 
interobserver reproducibility testing, we randomly sampled 20 
patients. Two surgeons performed each measurement inde-
pendently and repeated them after 1 week. All intraclass cor-
relation coefficients used to assess reproducibility were >0.9.

Statistical analysis

We used SPSS version 19.0 (SPSS Inc, Chicago, IL) for all 
statistical analyses. Continuous variables are expressed as 
mean±standard deviation. The normality testing was per-
formed by Shapiro-Wilk test. The homogeneity of variance 
testing was performed by Levene test. Because most of the 
clinical parameters recorded in our study did not follow a 
normal distribution, the Mann–Whitney U test was used to 
compare the Harris hip score, the Oxford hip score, the neck-
shaft angle, the offset, the Engh score, and the BMD change 
ratio between the CFP and ribbed groups. To compare cate-
gorical variables such as complications and limb-length dis-
crepancies between the 2 groups, the chi-squared test was 
used. Because the BMD change ratio of the CFP and ribbed 
stems between each zone and the corresponding Harris hip 
score did not meet normal distribution criteria, Spearman cor-
relation coefficient analysis was used to explore the correla-
tions between them.

e924668-3
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu Z. et al.: 
Comparison of bone remodeling between collum femoris-preserving stems…
© Med Sci Monit, 2020; 26: e924668

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Results

Demographic information

In this study, a total of 53 patients (29 men and 24 women) 
were included. The average age at the time of surgery was 
50.55±12.11 years (range from 28 to 69 years), and the mean 
BMI was 24.78±3.29 kg/m2 (range from 17.89 to 29.57 kg/m2). 
There were 35 cases of primary bilateral ONFH and 18 cas-
es of bilateral osteoarthritis. Of the 53 patients, 16 patients 
smoked and 17 patients consumed alcohol.

Clinical outcomes

The mean follow-up time of the patients was 7.2 years (range 
6.1 to 9.7 years). The mean preoperative HHS of the CFP group 
was 51.97±8.72. The mean preoperative HHS of the ribbed 
group was 52.83±9.11 and there was no significant differ-
ence between groups (P=0.570). The mean preoperative OHS 

in the 2 groups were 24.93±3.87 and 25.17±3.75, respectively 
(P=0.796). At 1 year after surgery, there was no significant dif-
ference between the 2 groups in terms of HHS (91.41±2.24 in 
the CFP group, 91.07±2.39 in the ribbed group; P=0.566) or OHS 
(39.38±2.34 in the CFP group, 39.24±1.85 in the ribbed group; 
P=0.759). At 4 years after surgery, no significant differences 
was found between the 2 groups in terms of HHS (93.34±2.24 
in the CFP group, 92.59±2.01 in the ribbed group; P=0.267) and 
OHS (41.66±1.37 in the CFP group, 40.90±1.54 in the ribbed 
group; P=0.181). However, at the last follow-up we found a 
significant difference between the 2 groups in terms of HHS 
(94.31±2.22 in the CFP group, 92.76±1.60 in the ribbed group; 
P=0.008) and OHS (42.28±1.00 in the CFP group, 40.28±1.10 
in the ribbed group; P<0.001) (Table 1).

No significant difference was found between the 2 groups in 
incidence of complications. The rates of periprosthetic fem-
oral fracture for CFP stems and ribbed stems (1.9% vs. 1.9%, 
P=1.00) were not significantly different, nor were the rates of 

A B

Figure 3.  On dual-energy X-ray images, Gruen zones are divided by solid yellow lines. (A) CFP stem. (B) Ribbed stem. On both sides, 
G1 to G7 are used to denote the Gruen zones. The width of each zone is proportional to the stem length.
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Harris hip score Oxford hip score

CFP Ribbed P CFP Ribbed P

Preoperative  51.97±8.72  52.83±9.11 0.570  24.93±3.87  25.17±3.75 0.796

1 year postoperative  91.41±2.24  91.07±2.39 0.566  39.38±2.34  39.24±1.85 0.759

4 years postoperative  93.34±2.24  92.59±2.01 0.267  41.66±1.37  40.90±1.54 0.181

Last follow-up  94.31±2.22  92.76±1.60 0.008  42.28±1.00  40.28±1.10 <0.001

Table 1. Clinical outcomes in patients undergoing 1-stage bilateral total hip arthroplasty for CFP and ribbed stems.

N=53; Mann-Whitney U test. Data are expressed as the means±standard deviations. CFP – collum femoris-preserving stem; 
ribbed – ribbed anatomic stem.

CFP Ribbed P

Neck-shaft angle,°  131.93±5.15  139.62±6.71 <0.001

Offset (anterior-posterior view), mm  49.51±8.53  39.80±7.38 <0.001

Limb length discrepancy, mm

0–5 mm  48 (90.6%)  49 (92.5%)

0.7275–10 mm  4 (7.5%)  3 (5.7%)

>10 mm  1 (1.9%)  1 (1.9%)

Engh score (Last follow-up)  25.60±1.11  25.48±1.27 0.858

Table 2. Radiological outcomes in patients undergoing 1-stage bilateral total hip arthroplasty for CFP and ribbed stems.

N=53; Mann-Whitney U test. Data are expressed as the means±standard deviations. CFP – collum femoris-preserving stem; 
ribbed – ribbed anatomic stem.

dislocation (1.9% vs. 5.7%, P=0.308), heterotopic ossification 
(5.7% vs. 3.8%, P=0.647), infection (0 vs. 1.9%, P=1.00), and 
thigh pain (5.7% vs. 5.7%, P=1.00) (Table 2).

Radiological measurements

In terms of preoperative outcomes, the mean neck-shaft an-
gles of the CFP group and the ribbed group were 131.93±5.15° 
and 139.62±6.71°, respectively. The neck-shaft angle in the 
CFP group was significantly lower than that in the ribbed 
group (P<0.001). In the CFP group, the mean offset was 
49.51±8.53 mm. In the ribbed group, that mean offset was 
39.80±7.38 mm. Compared with the ribbed group, the CFP 
group had a greater offset (P<0.001). The mean leg-length dis-
crepancy was 3.42±3.34 mm in the CFP group and 3.70±3.01 
mm in the ribbed group. In the CFP group, we observed that 
the leg-length discrepancy was less than 5 mm in 48 legs, 
5–10 mm in 4 legs, and more than 15 mm in 1 leg. For the 
ribbed group, we observed that the leg-length discrepancy was 
less than 5 mm in 49 legs, 5–10 mm in 3 legs, and more than 
15 mm in 1 leg. No significant difference was found between 
the 2 groups in leg-length discrepancy (P=0.727). At the last 
follow-up, no significant difference was found (P=0.858) in 
the Engh score between the CFP group (25.60±1.11) and the 
ribbed group (25.48±1.27) (Table 3).

Bone remodeling

DEXA scans showed that the preoperative BMD in each Gruen 
zone in the 2 groups was comparable (P>0.05). Compared with 
that of the ribbed side, the BMD change ratio at the last follow-up 
was significantly higher (P<0.05) on the CFP side in Gruen zones 3 
(1.16±0.09 vs. 0.99±0.02; P<0.001), 5 (1.15±0.09 vs. 1.03±0.11; 
P<0.001), and 6 (1.04±0.05 vs. 1.00±0.03; P=0.004) of the proximal 
femur, and significantly lower (P<0.05) on the CFP side in Gruen 
zones 1 (0.92±0.08 vs. 1.05±0.04; P<0.001), and 7 (0.88±0.06 vs. 
0.94±0.10; P=0.026). In Gruen zone 2 (1.05±0.06 vs. 1.00±0.09; 
P=0.051) and Gruen zone 4 (1.07±0.09 vs. 1.06±0.04; P=0.846), no 
significant difference was found between the 2 stems (Table 4).

On each side, the preoperative and last follow-up BMDs of 
each Gruen zone were compared. In the CFP group, compared 
with the preoperative BMD, the last follow-up BMD present-
ed an increasing trend in Gruen zones 3 and 5 (P<0.05). But 
in Gruen zones 1 and 7, the last follow-up BMD presented a 
decreasing trend (P<0.05). For the ribbed side, the BMD at the 
last follow-up was increased in Gruen zone 4 (P=0.007), but 
there were no significant differences in other areas. The rela-
tionship between the BMD change ratios for each zone and 
the Harris hip scores at the last follow-up was assessed using 
Pearson correlations. There was no significant correlation be-
tween the Harris hip score and the BMD change ratio (Table 5).
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Discussion

Periprosthetic bone remodeling on the proximal femur is com-
plex and remains unclear, especially with respect to the differ-
ent anatomical stems assessed in the present study [12–14]. 
The CFP stem and ribbed stem are both anatomical S-shaped 
stems. The major difference is that the CFP is shorter than 

the ribbed. Gruen zone analysis is insufficient to compare 2 
stems of different lengths. We defined the BMD change ra-
tio to compare bone from the same zone. When compared 
with the ribbed side, the comparative results showed a bet-
ter preservation of prosthetic bone on the proximal femur, 
especially in Gruen zones 3, 5, and 6 on the CFP side. In con-
trast, the BMD level of periprosthetic bone on the CFP side 

CFP Ribbed P

Intraoperative periprosthetic fracture  1 (1.9%)  1 (1.9%) 1.000

Postoperative periprosthetic fracture  1 (1.9%)  1 (1.9%) 1.000

Dislocation  1 (1.9%)  3 (5.7%) 0.308

Heterotopic ossification  3 (5.7%)  2 (3.8%) 0.647

Thigh pain  3 (5.7%)  3 (5.7%) 1.000

Infection  0 (0.0%)  1 (1.9%) 1.000

Total  9 (17.0%)  11 (20.8%) 0.620

Table 3. Incidence of complications in patients undergoing 1-stage bilateral total hip arthroplasty for CFP and ribbed stems.

N=53; McNemar’s test. CFP – collum femoris-preserving stem; ribbed – ribbed anatomic stem.

BMD change ratio at last follow-up time

CFP Ribbed P

Gruen zone 1 0.92±0.08 1.05±0.04 <0.001

Gruen zone 2 1.05±0.06 1.00±0.09 0.051

Gruen zone 3 1.16±0.09 0.99±0.02 <0.001

Gruen zone 4 1.07±0.09 1.06±0.04 0.846

Gruen zone 5 1.15±0.09 1.03±0.11 <0.001

Gruen zone 6 1.04±0.05 1.00±0.03 0.004

Gruen zone 7 0.88±0.06 0.94±0.10 0.026

Table 4. BMD change ratio in patients who underwent 1-stage bilateral total hip arthroplasty by group.

N=53; Mann-Whitney U test. Data are expressed as the means±standard deviations. CFP – collum femoris-preserving stem; 
ribbed – ribbed anatomic stem.

CFP Ribbed

R P R P

Gruen zone 1 0.172 0.371 –0.107 0.579

Gruen zone 2 –0.198 0.304 0.055 0.776

Gruen zone 3 0.179 0.354 –0.213 0.267

Gruen zone 4 –0.137 0.478 0.246 0.198

Gruen zone 5 0.148 0.442 –0.116 0.549

Gruen zone 6 –0.106 0.586 0.047 0.808

Gruen zone 7 –0.268 0.159 –0.332 0.078

Table 5.  Correlation coefficients between the BMD change ratio of CFP and ribbed stems for each zone and the HHS at the last 
follow-up.

R-values represent the results of Spearman correlation analysis. CFP – collum femoris-preserving stem; ribbed – ribbed anatomic stem.
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was lower than on the ribbed side in Gruen zones 1 and 7, 
which corresponds to the medial femoral neck (calcar) and 
the greater trochanter zone. Load transfer changes after THA 
can lead to different femoral bone remodeling patterns [15]. 
Our results revealed that the load transmission and mechani-
cal properties of the 2 stems were different. Both stems have 
a collar-like structure, which effectively prevents stem sub-
sidence. However, the collar-like structure may lead to oste-
olysis caused by stress shielding in the proximal femur area 
(especially in Gruen zones 1 and 7). However, in this zone, we 
observed that the osteolysis on the CFP side was more seri-
ous than that on the ribbed side. The novel geometry design 
of the stem may partly contribute to transfer the load to the 
bone via the grooves along its length [16]. The stress state 
along the length of the grooves causes the bone to adapt and 
generate a stiffer interface for the load to pass into the dis-
tal femur, and the stress shielding at the calcar region is more 
pronounced. This could be explained by the greater metaphy-
seal osteointegration. Theoretically, this behavior unloads the 
calcar region and can eventually lead to a BMD reduction in 
this area. Although this BMD loss in ribbed stems cannot be 
avoided, the physiological bone loading transfer can be han-
dled by the anchoring screw and collar-like structure. The col-
lar-like structure can also strengthen local contact stresses and 
relieve proximal femoral stress shielding. In Gruen zones 3, 5, 
and 6, compared with the ribbed side, the BMD on the CFP 
side appeared to increase more obviously. In terms of these 
zones, for the CFP side, compared with preoperative BMD, the 
BMD was increased at the last follow-up in Gruen zones 3 and 
5 (P<0.05). However, there was no significant difference on 
the ribbed side. These results indicate that different prosthe-
sis designs may contribute to differences in mechanical prop-
erties and load transmission characteristics. These differences 
could lead to different bone remodeling patterns. Koyano et al. 
compared bone remodeling between 2 different stems [17], 
and found that the observed differences in bone remodeling 
were mainly due to the geometry differences between stems. 
Although both CFP and ribbed stems are anatomic stems, their 
tapers and lengths are different. Several studies [18,19] have 
assessed single-CFP or single-ribbed stem THA, but lack long-
term follow-up. Wu et al. [20] discussed the changes of BMD 
around the ribbed prosthesis and concluded that within 2 years 
after the operation, compared with the contralateral side, the 
BMD around the prosthesis decreased significantly in Gruen 
zones 4 and 5. However, this is contrary to our findings, which 
showed that the BMD increased with time in Gruen zone 4. 
The differences in follow-up time may have led to this differ-
ent result. Several studies reported that in the first year after 
THA, the reduction of BMD in the calcar region can reach to 
6.7%. The BMD in other areas was also found to be decreased 
to different degrees [21,22]. Venesmaa et al. observed that the 
BMD decreased dramatically during the first 3 to 6 months 
after THA [22]. The interruption of blood supply during canal 

preparation and the restrictions in patient activity as they un-
derwent the transition from partial to full weight-bearing may 
have led to this result. However, in our study, the BMD had 
recovered by 2 years and remained stable across subsequent 
measurements until the end of follow-up. This was similar to 
the outcomes of Venesmaa and Samy et al. [23,24]. Accurate 
stem sizing and proper press fitting technique may quicken 
the recovery of BMD.

In both stems, the greatest loss was at Gruen zone 1, which 
could be attributed to stress shielding at the proximal femur. 
Lazarinis [25] also reported that proximal femoral bone loss 
is not avoided, but Korovessis et al. found that although the 
prosthesis was stable during the follow-up, bone resorption 
at the proximal was inevitable [26], and that the large cross-
section of the proximal part of both implants could lead to 
this result. Another crucial factor that may affect this bone 
remodeling after THA is the surgical approach used. Since 
the reaction forces of muscle and joint around the hip joint 
have known biomechanical rules for mechanical load trans-
mission, surgical approach-related trauma and the extent of 
soft tissue dissection could play a rule in bone remodeling 
following THA [27]. Previous studies [22,28] on BMD chang-
es around anatomic stems have shown substantial bone loss 
in Gruen zone 7, and the loss be 20% to 39.6%. However, in 
our study, the BMD loss was 12% on the CFP side and 6% on 
the ribbed side at the last follow-up. Decking et al. [21] ob-
served that some load bearing seems to take place at the cal-
car during the follow-up period, which agrees with the results 
of our study. In addition, the thick microporous surface of both 
stems contributes to bone remodeling. When compared with 
the BMD of the ribbed side in this zone, it was more difficult 
for the BMD of the CFP side to return to the level before sur-
gery. Neck preservation on the CFP side, which contributed to 
the stress shielding in the very proximal portion of the calcar, 
may explain this phenomenon. Furthermore, Formica et al. ob-
served that neck resorption occurred several years after pa-
tients had undergone THA with a CFP stem, but this did not 
occur on the ribbed stem side.

In our study, the clinical outcomes showed that both the CFP 
and ribbed stems performed well. In terms of complications, 
there was no statistically significant difference between the 
2 groups. Compared with the ribbed side, the CFP performed 
well for HHS and OHS at the last follow-up (P<0.001). There 
was no clinically significant difference in the other outcomes. 
Li et al. [29] reported a 68-month retrospective study of CFP 
and ribbed stems. In that study, the clinical results for HHS, 
WOMAC, SF-12 scores, and survival rates of the 2 stems were 
similar. However, the authors found that the incidence of peri-
prosthetic fracture (10.6%) and leg-length discrepancy (13.6%) 
in the CFP group was significantly higher than that in the ribbed 
group. Li et al. considered that the different osteotomies and 
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minimally invasive techniques used between the 2 stems may 
cause this result, but the periprosthetic femoral fractures were 
significantly different from what we observed. In our study, 
the rate of periprosthetic femoral fracture for the CFP and 
ribbed stems was 3.8%. This result was consistent with the 
outcomes of Bo Liu et al. [30] and Zeming Liu et al. [31]; in 
their studies, the periprosthetic femoral fracture rates were 
3.2% and 4.9%, respectively. Similarly, Ricioli et al. [32] report-
ed a periprosthetic femoral fracture rate of 5.4% in cases with 
uncemented prosthesis THAs. However, when compared with 
other uncemented stems reported, the incidence of peripros-
thetic femoral fractures in CFP and ribbed stems showed no 
trend of increase. A correct stem position and good prepara-
tion of the medullary canal might be helpful in reducing the 
periprosthetic femoral fracture risk [33]. In this study, the re-
lationship between the BMD change ratios for each zone and 
the Harris hip scores at the last follow-up was performed by 
Pearson correlations, but there was no significant correlation 
found, which might suggest that bone remodeling around both 
stems in each zone does not lead to hip joint dysfunction. CFP 
and ribbed stems have moderate stress shielding in some ar-
eas, and they both showed an excellent survival rate and clin-
ical outcome in long-term follow-up. However, the impact of 
bone remodeling around the femoral component on quality 
of life (QoL) of patients is still unclear. In the long-term study 
of Prakash Chandran et al. [36], 2 different stems were com-
pared. Pearson correlation analysis was performed to deter-
mine the relationship between bone remodeling around the 
femoral component and the QoL of patients. Consistent with 
our results, the authors found no significant difference, but 
the reason for this result was not explained clearly. The result 
may indirectly reveal that there is very little contribution of 
bone remodeling around the femoral component to QoL of pa-
tients. In addition, the difference in total Engh score between 
the 2 stems was not significantly different, which suggests 
that there is no difference in the medium- and long-term sta-
bility between 2 stems. Hoffman et al. [34] compared stable 
stems vs. stems that had aseptic loosening in THA patients. 
They found when the stem had aseptic loosening, the medul-
lary expansion seep can reach 0.9 mm/year. That study conclud-
ed that femoral canal expansion may contribute to the stem 
instability. Stucinskas et al. [11], found that the mean intra-
medullary canal expansion was 0.17±0.11 mm/y in long-term 
follow-up, and no hips were radiologically loosening. These re-
sults agree with ours and suggest that cortical bone loss in an-
atomic stems such as CFP or ribbed stems is, to a certain ex-
tent, a specific process that does not affect the development 
of osteolysis and subsequent loosening.

We also compared a number of postoperative radiological 
measurements between the 2 stems, such as the neck-shaft 

angle and offset. In the present study, the mean neck-shaft 
angle of the CFP stem was notably smaller than that of the 
ribbed (131.93±5.15° vs. 139.62±6.71°, P<0.001), and the mean 
offset of the CFP stem was obviously larger than that of the 
ribbed stem (49.51±8.53 mm vs. 39.80±7.38 mm). However, 
the neck-shaft angle for the CFP and ribbed stems is a fixed 
value (126°). We believe that the different designs for the off-
set of the 2 stems contributed to this difference. Unlike tradi-
tional neck-resection ribbed stems, the osteotomy line of the 
CFP short-stem prosthesis is at the subcapital of the femoral 
neck. The preserved bone mass can contribute to increasing 
the offset. Lecerf et al. [35] and Zeming Liu et al. [31] con-
firmed that offset will increase with neck-preserving length. 
This is consistent with what we observed.

Our study has certain limitations. Firstly, because it was a ret-
rospective, single-center study, some significant information 
and risk factors may have been ignored, and some informa-
tion such as cortical, cancellous, and minute structures of bone 
cannot be obtained from DEXA. Secondly, the design of the 
acetabulum cup matched with 2 stems was the same; how-
ever, the acetabulum cup was not the target of our research. 
Therefore, bone remodeling around the acetabulum side is 
still unknown. Finally, in this study, the follow-up period was 
6 years, and the long-term potential effects of the observed 
BMD changes are unknown.

Conclusions

We analyzed the clinical outcomes, radiological outcomes, and 
bone remodeling patterns in 2 groups of stem implant patients. 
The results indicate that both the CFP stem and ribbed stem 
significantly improved the preoperative HHSs and OHSs. In ad-
dition, the HHSs and OHSs of the 2 groups were only slight-
ly different at the last follow-up. In terms of radiological out-
comes, there was a significant difference in the postoperative 
offset and neck-shaft angle between the 2 stems. Therefore, 
surgeons should pay more attention during surgery to gain a 
perfect implant position that can contribute to improving the 
outcome for patients. Furthermore, the bone remodeling of 
the CFP stem was more concentrated in the middle and distal 
regions of the prosthesis, while that of the ribbed stem was 
more concentrated in the proximal portion of the prosthesis. 
Whether the radiological outcomes and bone remodeling pat-
terns are associated with the design of anatomic prostheses 
requires further study.
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