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Abstract

Objective: To describe postoperative subsidence observed after total hip

replacement (THR) with the BFX standard stem.

Study design: Retrospective case series.

Sample population: A total of 177 THR procedures in 145 dogs.

Methods: Clinical and radiographic follow-up data were collected between

12 weeks and six months postoperatively. A proportion correction was used to

calculate subsidence between immediate postoperative and follow-up radio-

graphs. Canal flare index, coronal canal fill, sagittal canal fill, coronal stem ori-

entation and sagittal stem orientation were measured.

Results: There were 24/177 (13.6%) intra- and postoperative complications.

Of these, 11/177 (6.2%) were stem complications. Eight stem complications were

intraoperative femoral fissures; one fissure progressed to postoperative femoral

fracture. Subsidence was associated with stem complications (p = .005) and was

not associated with non-stem complications (p = .76) or prosthetic luxation

(p = .07). There were seven stems with more than 5.0 mm of subsidence; of

these only 1/7 had a stem complication. There were 26 stems with more than

3.0 mm of subsidence; of these only 3/26 had a stem complication. There was no

association between any femoral or stem measurements and subsidence.

Conclusion: Subsidence of the BFX standard stem was associated with stem

complications, which were mostly intraoperative femoral fissures. Thresholds

of 3.0 and 5.0 mm were poorly predictive of complications, and substantial sub-

sidence was often clinically inconsequential.

This data has not been presented at any international or national meeting.
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Clinical significance: Cutoffs for excessive subsidence may have limited clin-

ical utility. The significance of postoperative subsidence should be interpreted

in the context of other clinical findings.

1 | INTRODUCTION

Total hip replacement (THR) is an established surgical pro-
cedure for treating canine hip dysplasia1 and is the only
surgical procedure consistently returning dogs to normal
function.2,3 Early postoperative complication rates between
8.2% and 9.4%, respectively are reported.4–6 Cemented
implants are at risk of short- or long-term aseptic loosen-
ing7,8 and cementless implants may be preferred.9 The
BioMedtrix (Whippany, New Jersey) system with a cement-
less biologic fixation (BFX) femoral stem is one of the most
commonly used cementless THR systems.4 Immediate sta-
bility of the femoral stem is achieved through press-fit and
friction at the bone-implant interface.10

Early postoperative subsidence of the BFX stem has
been reported, which usually occurs within five weeks of
initial surgery.9 Subsidence has been suggested to be asso-
ciated with an increased risk of postoperative complica-
tions and these concerns are the basis for the BFX collared
and BFX lateral bolt stems.11–13 However, the association
between subsidence and complications are unclear, as
large subsidence values without complication have been
documented with various BFX stems.13,14 A small degree
of subsidence is expected with a cementless femoral stem,
and may even be desirable to improve the press-fit of the
implant.9 Subsidence is typically measured on craniocau-
dal radiographs of the femur but this method is sensitive
to radiographic positioning, meaning small subsidence
values may be difficult to detect. Therefore, there is no
consensus about the definition of excessive subsidence,
with suggested cutoffs of 3 and 5 mm proposed.9,13

In THR in humans, subsidence is clinically insignifi-
cant even when significant subsidence of more than
5 mm occurs, with a 0.4% rate of revision surgery attrib-
utable to subsidence.15,16 While the BFX lateral bolt stem
has been shown to better resist subsidence than the BFX
standard stem in an ex vivo study, the implications of this
in vivo are unclear.17 Subsidence of greater than 3.0 mm
of the BFX standard stem has been reported to increase
the risk of postoperative stem complications,18 however
another study did not identify an increased risk of com-
plications despite the BFX standard stem developing
greater subsidence than the BFX collared and BFX lateral
bolt stems.13

This study aimed to describe a case series of dogs
undergoing THR with a BFX standard stem, the postop-
erative subsidence observed, and their association with

intraoperative and postoperative complications. The null
hypothesis tested was that there would be no association
between complications and postoperative subsidence
values in BFX standard stems.

2 | MATERIALS AND METHODS

2.1 | Data extraction

Retrospective data extraction was performed via hospital
electronic health records search (EasyVet; VetZ GmbH)
from a single veterinary referral hospital in the UK.
All data in this study were obtained with written client
consent granting permission for the anonymized use of
patient data for research purposes. Records from 2018 to
2025 were searched for “total hip replacement” and “BFX
stem” for dogs who underwent THR with a BFX standard
stem. Records were excluded if short-term orthopedic
follow-up examination and radiographs were unavail-
able, or if follow-up radiographs were inadequately posi-
tioned such that femoral and stem measurements could
not be performed. A minimum of 12 weeks and up to six
months of postoperative follow-up data was included in
this study. Dogs undergoing bilateral surgery underwent
staged bilateral surgery and each limb was considered
independently for analysis of subsidence.

2.2 | Surgical procedure and
radiographic evaluation

All THR procedures were performed by a single board-
certified surgeon (European College of Veterinary
Surgeons). Preoperative radiographs were obtained for
templating and THR surgery was performed in a standard
manner19 without intraoperative fluoroscopic guidance.
Immediate postoperative radiographs were obtained to
confirm implant positioning. Dogs were hospitalized post-
operatively for 24 h for opioid analgesia. Dogs were dis-
charged with four weeks of a licensed non-steroidal
anti-inflammatory drug and two weeks of amoxicillin-
clavulanic acid 12.5 mg/kg twice daily. Four weeks of
restricted activity was recommended and a gradually
increasing regimen of lead-only walks was introduced
from the four-week follow-up orthopedic examination.
Follow-up orthopedic examination was performed at four
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and 12 weeks postoperatively, and follow-up radiographs
obtained routinely at 12 weeks postoperatively. All postop-
erative complications within six months of THR were re-
examined and treated free-of-charge at the same referral
hospital, with additional radiographs obtained as necessary
in addition to routine follow-up radiographs. Complications
were classified as minor, major, and catastrophic according
to proposed definitions.20 Complications were subgrouped
as stem complications and non-stem complications.18 Stem
complications were defined as stem-related intra- or postop-
erative complications requiring surgical treatment and
included intraoperative femoral fissures or fractures and
postoperative femoral fractures. Postoperative prosthetic
luxation was classified as a stem complication only if there
was no identifiable problem with the cup.

Clinical variables collected included breed, sex and
neuter status, bodyweight, age at the time of surgery, rea-
son for surgery, laterality, intra- and postoperative compli-
cations, and implant sizes. Radiographic measurements
were obtained on the integrated PACS and DICOM viewer
within the hospital electronic health record system. Femo-
ral and stem measurements were obtained on the cranio-
caudal and mediolateral femur views. Radiographs were
calibrated with either a 100 mm bar. Radiographic mea-
surements were made by either one of two observers in an
unblinded manner. Radiographic variables included imme-
diate postoperative and follow-up corrected femoral stem
position as previously described,21 canal flare index (CFI),
canal fill in the coronal (CFcor) and sagittal (CFsag) planes,
and stem orientation in the coronal (SOcor) and sagittal
(SOsag) planes. Subsidence was calculated as the difference
between corrected femoral stem position between immedi-
ate postoperative radiographs and follow-up radiographs.
Canal flare index was measured on the craniocaudal view
of the femur and calculated as a ratio of endosteal width at
the lesser trochanter over endosteal width at the narrowest
point of the femoral shaft.22 Canal fill was calculated as a
ratio of implant width to endosteal width at the level of the
lateral smooth-porous junction of the BFX standard stem,
5.0 mm proximal to the distal tip of the femoral stem, and
midway between these two points.18 Stem orientation was
defined as previous, with varus-oriented stems having a
positive SOcor and proximal stem directed cranially having
a positive SOsag.

23 For stems with subsidence of more than
3.0 mm, stem version was assessed on follow-up radio-
graphs and stems which rotated into retroversion were
recorded. Version was measured as previously described.14

2.3 | Statistical analysis

Categorical variables are reported descriptively. Data nor-
mality of continuous variables was assessed with the

Shapiro–Wilk test. Nonparametric data are expressed as
median and interquartile range (IQR) and parametric
data expressed as mean and SD. As the primary outcome
of interest, the range of subsidence values were addition-
ally reported. Femoral and stem measurements were
compared between the subgroup of dogs with a stem
complication and those without a stem complication, and
between the subgroup of dogs with a non-stem complica-
tion and those without a non-stem complication. Para-
metrically distributed data were compared with Welch's
t-test and nonparametrically distributed data were com-
pared with the Mann–Whitney U test. To evaluate the
diagnostic performance of subsidence as a predictor of
stem complications, receiver operating characteristic-
based analyses were performed. Subsidence values were
used as a continuous test variable, and the presence of a
stem complication was used as the binary outcome to cal-
culate Youden's J-statistic. Statistical significance was
defined as p < .05. All statistical analysis and data visuali-
zation were performed with pandas 2.2.2, numpy 2.0.2,
scipy 1.16.1, scikit-learn 1.6.1, seaborn 0.13.2, and mat-
plotlib 3.10.0 in Python version 3.11.13.24–29

3 | RESULTS

3.1 | Demographic data

A total of 190 consecutive THR procedures with the BFX
standard stem in 158 dogs were identified through the data-
base search. There were no THR procedures with the BFX
lateral bolt or BFX collared stem. Out of all dogs meeting
the minimum size and weight requirement for a BFX stem,
two dogs (2 THR procedures) were selected to receive a
cemented fixation (CFX) stem. The reason for using a CFX
stem was because of a femoral deformity in one dog and
because of the contralateral THR with the BFX standard
stem experiencing significant subsidence of 9.8 mm in the
other dog. This BFX standard stem is included in the final
sample population. A total of 10 dogs (10 THR procedures)
were excluded as no follow-up radiographs were available.
Two dogs (2 THR procedures) were excluded due to
experiencing postoperative femoral fracture and owner-
elected amputation prior to the 12-week follow-up. In these
two dogs, subsidence values of .4 mm and .8 mm were
recorded at the last radiographic evaluation prior to ampu-
tation. One dog (one THR procedure) was excluded due to
experiencing prosthetic luxation and owner-elected explan-
tation prior to the 12-week follow-up. In this dog, a subsi-
dence value of 0 mm was recorded at the last radiographic
evaluation prior to explantation. The sample population
consisted of 177 consecutive THR procedures (171 BFX ace-
tabular cups and six CFX acetabular cups) in 145 dogs.
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The Labrador Retriever (n = 37, 25.5%), crossbred dogs
(n = 31, 21.4%), German Shepherd dogs (n = 21, 14.5%),
and Border Collies (n = 15, 10.3%) were the four most
common breeds, with 10 or fewer of 19 other breeds
included in the dataset. There were 84 males (29 neutered)
and 61 females (30 neutered). The median bodyweight
was 28.90 kg (IQR: 23.0–35.8 kg) and the median age at
the time of surgery was 1.9 years (IQR: 0.8–4.5 years). The
reason for THR was hip dysplasia (n = 134, 92.4%), coxofe-
moral luxation (n = 9, 6.2%), avascular necrosis (n = 1,
.7%), and capital physeal fracture (n = 1, .7%). There were
90 right THR procedures (50.8%) and 87 left THR proce-
dures (49.2%).

3.2 | Intra- and postoperative
complications

The median time to radiographic follow-up was 88 days
(IQR: 84–92 days). The total intra- and postoperative com-
plication rate was 24/177 (13.6%). Of these, 9/177 (5.1%)
were intraoperative complications and 16/177 (9.0%) were
postoperative complications; one THR procedure had both
an intra- and postoperative complication (intraoperative
femoral fissure progressing to postoperative femoral frac-
ture). Of total intra- and postoperative complications,
11/177 (6.2%) were stem complications. One THR proce-
dure had both a stem complication (intraoperative femoral
fissure) and non-stem complication (prosthetic luxation
not attributable to the stem) with a subsidence value of
.1 mm. Of the 14 non-stem complications, 12 major com-
plications were cup-related (8 prosthetic luxation and
4 aseptic loosening). There were no prosthetic luxations
attributable to the stem. One other major complication
(periprosthetic cup surgical site infection) and one minor
complication (seroma) were diagnosed. Of the 11 stem

complications, 10 were major and one was catastrophic.
Eight of the stem complications were intraoperative femo-
ral fissures identified and stabilized with cerclage intrao-
peratively, 7/8 of these intraoperative femoral fissures did
not progress to femoral fracture during the study period.
The remaining 1/8 intraoperative femoral fissure pro-
gressed to a catastrophic postoperative femoral fracture
requiring hindquarter amputation. This complication
occurred 21 weeks postoperatively and a subsidence value
of 3.0 mm was recorded at 12 weeks postoperatively.
There was one intraoperative femoral fracture stabilized
with a locking plate and screws. There were two postoper-
ative femoral fractures occurring at 15 and 24 days postop-
eratively which were stabilized with a locking plate and
screws.

Median subsidence across all BFX standard stems
at the time of radiographic follow-up was .4 mm
(IQR: �.5–1.9 mm) with a range of �4.1 to 9.8 mm. Subsi-
dence was associated with a stem complication (p = .005;
Table 1). Subsidence was not associated with a non-stem
complication (p = .76) or prosthetic luxation specifically
(p = .07). Subsidence alone was poorly predictive of a
stem complication, with a peak Youden's J-statistic of
.48 at a subsidence value of .7 mm, representing weak-
to-moderate utility as an indicator of a complication.
There were seven stems with a subsidence value of more
than 5.0 mm, of these only 1/7 had a stem complication.
There were 26 stems with a subsidence value of more than
3.0 mm, of these only 3/26 had a stem complication. There
were two stems with large subsidence values of 8.8 and
9.8 mm without a stem complication or any complication.
In these two stems, there was no evidence of stem under-
sizing with CFcor of 74% and 72%, and CFsag of 71% and
61% respectively, and on postoperative templating assess-
ment. There was significant overlap of subsidence values
between stems with and without stem complications

TABLE 1 Subsidence values of

BFX standard stems with and without

complications.

Complication type Subsidence p-value

Stem complication Present (n = 11) 1.71 mm (IQR: 1.18–3.04 mm)
Range: 0.11 mm to 6.59 mm

.005

Absent (n = 166) 0.28 mm (IQR: �0.59 - 1.73 mm)
Range: �4.07 mm to 9.79 mm

Non-stem complication Present (n = 14) 0.80 mm (IQR: �1.13 - 2.76 mm)
Range: �2.22 mm to 4.34 mm

.76

Absent (n = 163) 0.37 mm (IQR: �0.53 - 1.76 mm)
Range: �4.07 mm to 9.79 mm

Prosthetic luxation Present (n = 8) 2.10 mm (IQR: 0.55–3.92 mm)
Range: �0.89 mm to 4.34 mm

.07

Absent (n = 169) 0.36 mm (IQR: �0.56 - 1.73 mm)
Range: �4.07 mm to 9.79 mm

Abbreviation: IQR, interquartile range.
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(Figure 1). There was no association between subsidence
and any femoral or stem measurements (Table 2). Six
stems had a CFcor greater than 85% and one stem had a
CFsag greater than 85%. A total of 18 femora (10.2%) had a
CFI ≤1.8. Of the 26 stems with subsidence values of more
than 3.0 mm, three stems rotated into retroversion on
follow-up radiographs. These stems had subsidence values
of 3.1, 6.6, and 9.8 mm.

4 | DISCUSSION

This study reports postoperative subsidence in a large
case series of BFX standard stems and examines its asso-
ciation with surgical complications as well as femoral
and stem measurements. Subsidence was associated with
stem complications but not with other complications,
and no femoral or stem measurement predicted subsi-
dence. A wide range of subsidence values was observed,
and previously proposed thresholds of 3.0 mm or 5.0 mm
were poorly discriminatory for complications.

The association between subsidence and complica-
tions may not be a causal association. Most stem compli-
cations (8/11) were intraoperative femoral fissures, only
one of which progressed to a postoperative femoral frac-
ture. In these cases, the fissure preceded the development
of subsidence, suggesting the possibility of reverse cau-
sality and that intraoperative fissures predispose to subsi-
dence rather than subsidence causing complications.
How a fissure predisposes to subsidence is unknown
and may be either due to compromised stability of the
cementless stem or through how a fissure affects femoral
broaching and impaction of the stem. However, the retro-
spective nature of this study cannot show a definitive
causal relationship between intraoperative fissures and
subsidence. This aligns with prior reports that intraopera-
tive fissures are not strongly predictive of postoperative
femoral fracture.11,30 Our findings are consistent with
previous observations that subsidence does not necessar-
ily lead to adverse outcomes. For example, although
Mitchell and others13 demonstrated that the BFX lateral
bolt stem exhibited greater resistance to subsidence than

TABLE 2 Univariable testing of

femoral and stem measurements

against subsidence. Normally

distributed measurements reported as

mean and standard deviation.

Femoral measurement Stem complication No stem complication p-value

CFI 2.08 (IQR: 1.90–2.33) 2.00 (IQR: 1.90–2.08) .1264

CFcor 73.4% ± 6.1% 76.6% ± 7.9% .2130

CFsag 68.3% ± 7.0% 66.7% ± 8.3% .5402

SOcor 1.9� (IQR: 1.0�–2.9�) 2.1� (IQR: 0.9�–2.6�) .7128

SOsag 1.8� (IQR: 0.6�–3.1�) 1.8� (IQR: 0.7�–3.1�) .9322

Note: Non-normally distributed measurements reported as median and interquartile ranges.
Abbreviations: CFI, canal flare index; CFcor, coronal canal fill; CFsag, sagittal canal fill; IQR, interquartile

range; SOcor, stem orientation coronal; SOsag, stem orientation sagittal.

FIGURE 1 Violin plot

showing the distribution of

subsidence of the BFX standard

stem in dogs with and without

stem complications.
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the BFX collared and BFX standard stems, complication
rates did not differ between designs. Similarly, Townsend
and others18 documented up to 15.5 mm of subsidence in
a case without subsequent complications. Although sub-
sidence has been proposed to increase fracture risk due
to the generation of hoop stresses, the small number of
fractures in our study precluded robust statistical analy-
sis.31 Townsend and others18 reported an association
between subsidence and postoperative fracture, but their
analysis was based on only three events and may reflect a
type I error. Subsidence has also been associated with
changes in stem version, with the stem rotating into
retroversion.14 In this study, stems experiencing more
than 3.0 mm of subsidence rarely had significant version
changes, although further studies may be useful to deter-
mine how proximodistal and rotational stability may be
related. Femoral fracture itself also complicates the
assessment of subsidence, as stem-femur disruption can
prevent assessment of subsidence.10,11 In our study, three
cases experienced a catastrophic complication before the
minimum follow-up period for inclusion. Measurement
of subsidence may be less reliable in these cases, particu-
larly with femoral fracture where there is derangement of
the stem and femur. However, less than 1.0 mm of subsi-
dence was recorded in these cases at the last radiographic
follow-up, and despite not meeting minimum radio-
graphic follow-up, there was no evidence to implicate
subsidence as a contributing factor in any of these cases.

Previous studies have proposed thresholds to define
excessive subsidence, most commonly 3.0 mm13,18 or
5.0 mm.9 However, these cutoffs were not empirically
derived and appear to reflect subjective judgments rather
than outcome-based analyses. In our study, both thresh-
olds were poorly discriminatory for complications. Most
stems that subsided beyond 3.0 mm or 5.0 mm did not
experience either intra- or postoperative complications.
This suggests that a cutoff may be of limited clinical
value. Instead, the clinical relevance of subsidence should
be interpreted in the context of other factors including
the presence of intraoperative femoral fissures, femoral
morphology, implant sizing, and postoperative activity as
previously emphasized.18

Design modifications such as the BFX lateral bolt and
BFX collared stems have been proposed as an alternative
to the BFX standard stem for providing a safety cushion
in the face of postoperative subsidence.9,13 Our findings
provide perspective on their use. Although a femoral fis-
sure can predispose to greater magnitudes of subsidence,
this migration was almost always clinically inconsequen-
tial. The BFX lateral bolt and BFX collared stems require
the same femoral preparation as the BFX standard stem
and therefore, some postoperative subsidence is to be
expected with any BFX stem. The design modifications

with the BFX lateral bolt and BFX collared stems may be
counterproductive if natural subsidence is prevented
which may lead to subsequent toggling of the stem and
impaired osseointegration. Parallels can be drawn with
the human THR literature. Meta-analyses have consis-
tently shown that collared cementless stems resist subsi-
dence more effectively than collarless stems, yet revision
rates remain comparable between groups.32,33 This has
led some to question whether subsidence itself is clini-
cally meaningful.34 Consistent with these observations,
our study demonstrates that revision rates for the BFX
standard stem are similar to those previously reported,4,18

despite a wide range of observed subsidence magnitudes.
Most canal fill values in this study fell below the tra-

ditionally recommended 85% threshold, yet canal fill was
not associated with postoperative subsidence. This aligns
with prior reports13,18 and adds to the growing evidence
that the 85% recommendation may be overly conserva-
tive. Similarly, no association was identified between
CFI and subsidence, consistent with the findings of
Mitchell and others.13 Notably, only about 10% of fem-
ora in our study had a CFI ≤1.8, which may reflect a
population bias in this single-institutional retrospective
study. Notably, there was no evidence of surgeon selec-
tion bias as only two dogs eligible for a BFX stem were
selected for CFX stem implantation. Although varus
stem orientation has previously been linked to an
increased risk of intraoperative femoral fissure,18 this
association was not observed here.

The broader characteristics of our cohort were com-
parable to those in other reports. Case selection, implant
sizing, and complication rates were similar across studies,
and the demographics of dogs undergoing THR were
broadly consistent with previous descriptions.1,10 The
magnitude of subsidence observed also fell within
the ranges previously reported.10,13,18 Although our sam-
ple population exhibited slightly higher CFI values than
some prior series,10,13 this again may reflect a case selec-
tion effect. Finally, complication rates and the types of
complications were similar to those documented in other
studies.4,18

This study had several limitations. Its retrospective,
single-institution design and the fact that all THR proce-
dures were performed by a single surgeon may intro-
duce biases that limit generalizability. We did not
include a comparator group of BFX lateral bolt or BFX
collared stems, which restricts direct assessment of
implant design differences. Although this represents the
largest non-registry case series of the BFX standard stem
to date, the rarity of certain complications, particularly
postoperative femoral fractures, limited the power of
our analyses. Measurement error is also possible due to
variation in radiographic positioning,21 although the
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distribution of negative values was comparable to previous
reports.10,13 Proximal migration of the stem is impossible
and therefore negative subsidence values reflect variation
in radiographic positioning. Given that negative subsi-
dence values are seen across multiple studies utilizing
plain radiography, computed tomography should be
strongly encouraged in future studies to more accurately
measure postoperative subsidence.

In summary, subsidence of the BFX standard stem
was associated with stem complications, most of which
were intraoperative femoral fissures. Subsidence was not
associated with non-stem complications, and substantial
subsidence may occur without adverse outcomes. All four
catastrophic complications had subsidence values of
3.0 mm or less. Previously suggested thresholds of 3 mm
and 5 mm were not useful in predicting complications.
Further studies are needed to clarify when subsidence is
clinically important.
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