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Femoral Stem Subsidence Rate with Cementless Stems in Patients with
Sub-capital Femoral Neck Fractures: Relationship to Proximal Femoral
Geometry

Aviram Albagly1 , Anton Maliarov', OrenBen-Lulu'

Learning Point of the Article:
The subsidence rate of cementless femoral stems in patients who underwent hemiarthroplasty or total hip arthroplasty is potentially related
to proximal femoral geometry, as reflected by the Dorr classification, and was lower in patients with a type A Dorr classification compared
to types B and C.

Introduction: Hip joint replacement surgeries, including total hip arthroplasty (THA) and hemiarthroplasty (HA), are highly successful for
treating subcapital femoral neck fractures. However, femoral stem subsidence can negatively impact post-operative outcomes. This study
investigates subsidence ratesinrelation to the geometry of the proximal femur.

Methods: A total of 255 patients who underwent cementless HA or THA were included, with follow-up data available for 74 patients who met
the inclusion criteria. Pre- and post-operative variables included surgery type, age, sex, ASA score, and rehabilitation method. The cohort was
divided into two groups based on femoral stem migration: alow subsidence group (0-4.99 mm) and a high subsidence group (>S5 mm). Further
subdivision was done according to the proximal femur morphology, which was classified by the Dorr Classification.

Results: 44 patients (or 59.5%) were classified as Dorr type A, 27 patients (or 36.5%) were type B, and only three patients (4.1%) were type C.
Among patients with Dorr type A, 79.5% had low subsidence, while 20.5% had high subsidence. In Dorr type B, subsidence was nearly equal
(51.9% low, 48.1% high). Two Dorr type C patients had low subsidence (66.6%), and one had high subsidence (33.3%). Results were statistically
significant (P = 0.042). Multivariate analysis showed that type A patients were likelier to have low subsidence (OR 3.403, CI 1.221-9.486, P =
0.022).

Conclusion: The subsidence rate of cementless femoral stems was lower in patients with type A Dorr classification compared to types B and C.
These findings suggest that structural geometric differences between the classifications may significantly affect susceptibility to subsidence.

Keywords: Total hip arthroplasty, hemiarthroplasty, femoral neck fracture, Dorr classification.

Introduction conducted in 2019, it estimated that the prevalence of hip
Femoral neck fractures represent a significant global health fractures globally was 14.2 million, with an incidence rate of
concern, especially among the elderly. They are associated with a 182/100,000 people [ 1].
substantial decline in quality oflife and an elevated mortality risk. Hip joint replacement surgeries, such as total hip arthroplasty
According to the Global Burden of Disease Study, which was (THA) and hemiarthroplasty (HA), are commonlyindicated for
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Figure 1: Flow chart of patient’s selection process.

displaced femoral neck fractures in the elderly population.
These procedures generally exhibit high success rates and
patient satisfaction [2, 3]. However, comparative studies
indicate that THA is associated with a higher risk of
complications compared to HA [4, 5]. One notable potential
complication common to both THA and HA is the subsidence
of the femoral stem, particularly concerning cementless stems
that can sink into the femoral canal [6].

Subsidence is characterized by the distal migration of the
femoral stem relative to the tip of the greater trochanter of the
femur. In most cases, this phenomenon typically occurs within
the first 6-8 weeks following the surgery [7, 8, 9]. Evidence in
the literature suggests that subsidence occurs even several
monthsandyears after the initial procedure.

Migliorini et al. reported a mean subsidence rate of 2.6 mm in
THA patients after a follow-up period of 14.4 months [10]. In
contrast, Rubio etal. observed a significant subsidence rate even
afterafollow-up of 10years [11].

Subsidence of cementless femoral stems has been associated
with several complications, including aseptic loosening of the
implant, which increases the risk of femoral fracture [12],
reduces soft tissue tension, raising the risk of dislocation [13],
and contributes to leg-length discrepancy [14]. These factors
frequently compromise the longevity of the hip arthroplasty,

patients who do not meet inclusions criteria

3. patients with missing radiographic evidence on
follow-up between 21 weeks and 6 months (167)

4, patients who die during the follow-up period (3) LT

10 cm

distal to

Figure 2: Anteroposterior radiograph of the left hip
illustrates the Dorr criteria calculation (a/b = ratio for
Dorr criteria).

potentiallyleading to early failure.

This study aimed to identify subsidence rates

based on the Dorr classification for proximal
femur morphology. We assume there is a possible connection
between advanced types of Dorr classification (types B and C)
andahigher subsidencerate.

Materials and Methods

This is a retrospective case—control study in which we analyzed
the subsidence rate in 74 patients diagnosed with subcapital
femur fractures who underwent HA or THA in our department
between2020and 2023.

Inclusion criteria consisted of patients with fully displaced
subcapital femoral neck fractures classified as Garden stages 3 or
4, aged above 60, who received a cementless stem and
participated in weight-bearing activities during the post-
operative period, either through home or institutional
rehabilitation (Fig. 1).

All patients underwent surgery utilizing either the Corail or H-
MAX collarless fully porous coated hydroxyapatite stem from
the Johnson and Johnson DePuy (25 patients) or Lima
Corporate (49 patients), which features a similar design and
general concept. None of the patients required revision of the
femoral and/or acetabular component during the follow-up
time period. The bipolar head features a two-piece design,
allowing motion between the components. This
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Figure 3: Anteroposterior radiograph of the hip shows the determination of femoral stem
subsidence by calculating the difference in distance from the greater trochanter’s highest
point to the stem shoulder perpendicular to the axis of the femur stem. All the implants in this
figure are Lima Corporate implants. (a) Dorr type A patient, one day after hemiarthroplasty
(HA) surgery (left) and 53 days after the surgery (right), showcases a subsidence rate of 2.18
mm. (b) Dorr type B patient, one day after HA surgery (left) and 44 days after the surgery
(right), showcases a subsidence rate of 3.36 mm. (c) Dorr type C patient, one day after HA
surgery (left) and 37 days after the surgery (right), showcases a subsidence rate of 8.62 mm.

standardization of implant types was essential for maintaining
consistency in our evaluation of subsidence rates.

Patients who underwent cemented hip replacement, those
treated with non-weight-bearing protocols, those lost to follow-
up, and those who experienced post-operative prosthetic joint
infections or died during the follow-up period were excluded
from this study.

The minimum follow-up duration was 21 days, while the
maximum was extended to 6 months.

Preoperative variables included age, gender, and ASA score.
The primary objective was to divide the cohort into two groups

Table 1: Demographic characteristics of the
cohort
Type of
procedure
THA 18 24.3
HA 56 75.7
Type of implants
Johnson and 25 33.7
Johnson DePuy
Lima Corporate 49 66.3
Age
Mean 80.75
Median 80.5
60—-74 16 21.6
75—99 58 78.4
Sex
Male 27 36.5
Female 47 63.5
ASA score
1 2 2.7
2 49 66.2
3 23 31.1
Rehabilitation
method
Home 35 47.3
rehabilitation
Institute 39 52.7
rehabilitation
Dorr
classification
A 44 59.5
B 27 36.5
C 3 4.1
THA: Total hip arthroplasty, HA:
Hemiarthroplasty

based on femoral stem subsidence: One group with a low rate of
subsidence (0-4.99 mm) and another with a high rate of
subsidence (>S5 mm). Each group was further subdivided
according to the proximal femur morphology as classified by
the Dorr classification.

The Dorr classification assesses the quality of the proximal
femur based on radiographic, biochemical, and histological
characteristics. Thick and well-defined cortices characterize
type A, while Type B indicates bone loss from the medial and
posterior cortices, leading to a broader diaphyseal canal, and
Type C reflects significant loss of the medial and posterior
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Table 2: Overview of subsidence rates in relation to patients’
characteristics
Overall subsidence 51 (68.9) 23 (31.1) n/a
rate
Type of procedure
THA 12 (66.7) 6 (33.3) P=1.00
HA 36 (69.6) 17 (30.4)
Age (years)
60-74 12 (75) 4 (25) P=0.762
75-99 39(67.2) 19 (32.8)
Sex
Male (1) 18 (66.7) 9(33.3) P=0.798
Female (2) 33(70.2) 14 (29.8)
ASA score
1 0(0) 2(0.100) P=0.106
2 36 (73.5) 13 (26.5)
3 15 (65.2) 8 (34.8)
Rehabilitation
method
Institute 26 (66.67) 13 (33.3)
rehabilitation
DORR classification
A 35 (79.5) 9 (20.5) P=0.042
B 14 (51.9) 13 (48.1)
c 2 (66.67) 1(33.3)
THA: Total hip arthroplasty, HA: Hemiarthroplasty

cortices, resulting in decreased bony definition of the cortices
[15].

In this study, we assessed the Dorr classification through
quantitative measurements by calculating the canal diameter 10
cm distal to the lesser trochanter and dividing it by the inner
canal diameter at the mid-portion of the lesser trochanter [15]
(Fig.2). A ratio of <0.5 mm was classified as Dorr type A, aratio
between 0.5 and 0.75 mm as type B, and a ratio >0.75 mm as
typeC.

Stem subsidence was evaluated by measuring the difference in
distance from the greater trochanter’s highest point to the stem
shoulder perpendicular to the axis of the femur stem. This was
performed using an anteroposterior (AP) radiograph of the hip
or pelvis, taken between 3 weeks and 6 months postoperatively,
and compared to the initial post-operative AP radiograph (Fig.
3).

All statistical analyses were conducted using SPSS statistical

analysis software (IBM, version 29.0). A P < 0.05 was
considered statistically significant for all the tests. The odds
ratio (OR) and its corresponding 95% confidence interval (CI)
were used for multivariant analysis.

Results

Atotal of 255 patients who underwent HA or total arthroplasty
at our institution between 2020 and 2023 were identified and
included in the primary cohort. Among this initial group, 74
patients met the inclusion criteria. The exclusion of 167 patients
was primarily due to the loss of follow-up and non-radiological
evidence available during the follow-up period. Additional
exclusion criteriaare outlined above (Fig. 1).

The mean follow-up period was 70.77 days.

Table 1 demonstrates the demographic characteristics of the
patients in detail. Among the cohort, 75.7% underwent HA,
while the remaining 24.3% underwent THA. More than two-
thirds (63.5%) of the cohort were female, and the mean age was
80.75 years, with nearly 80% of the patients being over 75 years
old.

Approximately equal numbers of patients were assigned to
either home rehabilitation (35 patients) or institutional
rehabilitation (39 patients). Most patients (66.2%) were
classified ashaving an ASA score of 2 before surgery.

When further subdivided the cohort into DORR classification,
44 patients (or 59.5%) were classified as DORR type A, 27
patients (or 36.5%) were type B, and only 3 patients (4.1%)
were type C.

The second stage of the analysis involved dividing the cohort
into two groups based on subsidence rate (Table 2). Upon
analyzing the results, we found no statistically significant
differences between the two groups regarding variables such as
age, sex, rehabilitation status, or ASA score.

When examining the Dorr classification and its correlation to
subsidence rate, we observed that among patients classified as
DorrtypeA,79.5% experienced alow subsidence rate of 0—4.99
mm, while only 20.5% had a high subsidence rate of more than 5
mm. In contrast, patients classified as Dorr type B showed
nearly equal distribution between low (51.9%) and high
(48.1%) subsidence rates. For Dorr type C patients, there were
only three individuals, of whom two had low subsidence rates,
and one had a high subsidence rate exceeding S mm. These
results were statistically significant, witha P = 0.042.

A subsequent multivariable analysis was conducted to identify
predictors of low subsidence rates in patients with Dorr types A
and combined types B and C (Table 3). We united Dorr types B
and C due to the very low number of type C patients. The
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[ Table 3: Multivariant analysis - odds ratio for low subsidence rate in|
correlation with Dorr classification A versus B or C

3.403

Dorr classification A
versus B or C

1.221-9.486 P=0.022

analysis revealed that patients classified as Dorr type A were
more likely to have a low subsidence rate of 0-4.99 mm
compared to those with Dorr types B or C, with an OR of 3.403
(Clof1.221-9.486,P =0.022.

Discussion

In this study, we measured the subsidence rate for 74 patients
who underwent either THA or HA. By analyzing the results, we
found that most patients had a low subsidence rate of 0-4.99
mm (68.9%), and the mean subsidence rate was 4.53 mm (SD
3.62).

The reasons for femoral stem subsidence are varied and well-
documented in the literature. Contributing factors include
stem design [ 7], the weight-bearing protocol following surgery
(whether full weight-bearing or partial weight-bearing) [16],
increasingage [ 17],and a highbody massindex (BMI) [17].

In this article, we subdivided the cohort based on proximal
femur morphology using the Dorr classification. Our analysis
revealed that 59.5% of the patients were classified as Dorr type
A, 36.5% were type B, and only three patients (4.1%) were
classified as type C. This ratio of types A to Band Cis consistent
with the overall prevalence ratios of the Dorr classification
reported in the literature. Gema et al. found that 83% of their
patients were type A, approximately 16% were type B, and none
were type C [18]. In contrast, Goldberg et al. reported that the
prevalence of Dorr type A was 45.8%, type B was 38.9%, and
type Cwas 15.3% [19].

The progression of osteoporotic changes in the proximal femur
is closely linked to the bone’s ability to ingrown into the stem
and achieve long-term incorporation between the stem and
bone surfaces. Inadequate incorporation can lead to
subsidence, along with subsequent complications such as
loosening, fracture, and dislocation, which can adversely affect
the overall outcome of the surgery. Therefore, understanding
the proximal femoral anatomy is crucial for selecting the
appropriate implant or fixation method. The Dorr
classification provides a simple and efficient tool for
understanding the morphology and matching it with the most

suitable implant.

Our results showed a positive correlation between advanced
proximal femur morphology (Dorr classification type Band C)
and high subsidence rates.

The correlation between femoral stem subsidence and Dorr
classification is poorly established in the literature. In their
article, Gema et al. attempted to identify several factors
contributing to femoral stem subsidence after HA, including
Dorr classification, but found no statistically significant results
[18]. Similarly, Bornes et al. [17] analyzed subsidence rates of
femoral stems in THA concerning various associated factors
and reported no significant association between subsidence of
more than Smm and Dorr classification.

The effect of anatomy and morphology of the proximal femur
and femoral stem subsidence in patients undergoing
arthroplasty can be attributed to several factors.

Sah et al. [20] found that type A femurs exhibit greater bone
density, while subjects with type C had lower T-scores
compared to those with type B, who in turn had lower T-scores
than type A. The severity of osteoporosis and bone quality in
patients undergoing HA or THA is a critical factor influencing
osseointegration, durability, and complications of the
implanted prosthesis, including subsidence [21].

Furthermore, bone architecture and geometry have been
recognized as key determinants of overall bone strength [22],
which can significantly impact the subsidence rate following
arthroplasty procedures.

These geometric changes in the proximal femoral canal,
influenced by Dorr classification, may occur with advancing
age [23]. This indicates a positive correlation between Dorr
classification and age-related changes in bone quality, which
may, in turn, affect the rate of subsidence.

This article has several limitations. While our hypothesis posits
that Dorr classification may influence the subsidence rate of the
femoral stem following arthroplasty, we did not account for
other comorbidities that could affect this outcome. Specifically,
although we operated under the assumption that all patients
had osteoporosis or osteopenia, we could not calculate the T-

Journal of Orthopaedic Case Reports | Volume 15 | Issue 10 | October 2025 | Page 336-342




Albagly A, etal

www.jocr.co.in

score for each patient to accurately assess the level of these
conditions.

Furthermore, this analysis did not include factors such as BMI
and alignment, which may impact subsidence rates.

Moreover, preoperative variables such as age, gender, and home
rehabilitation were deemed statistically insignificant,
preventing us from considering them in our OR calculations for
low subsidence rates.

In addition, we acknowledge that our patient pool is relatively
small. This limitation arises from the fact that many patients
were lost to follow-up and did not provide radiological
evidence during the post-operative period between 3 weeks
and 6 months.

Conclusion

The subsidence of cementless femoral stems in patients with
type A Dorr classification was lower than in patients with types
B and C. These findings suggest that structural and geometric
differences in the proximal femur between these classifications
may significantly influence susceptibility to subsidence,
potentially reducing the risk of complications. The authors
recommend further investigation into these factors to enhance
surgical techniques and implant designs, with the goal of
minimizing subsidence risk and improving outcomes in
orthopedicapplications.

Clinical Message

Preoperative assessment of femoral geometry in patients with
subcapital femoral neck fractures may help reduce stem subsidence,
guide implant selection, and lower the risk for post-operative
complications.
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