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a b s t r a c t

The diagnosis of and decision-making for early revision surgery to treat failure of biological fixation with
a proximally coated cementless stem are challenging. A 73-year-old woman was referred to our hospital
with thigh pain 2 years after the initial total hip arthroplasty. Although a plain radiograph showed no
signs indicating biological fixation failure, digital tomosynthesis showed a highly radiodense line along
the proximal part, and bone scintigraphy showed uptake at the distal part. With the diagnosis of bio-
logical fixation failure due to the proximal-distal mismatch, the cementless stem was revised to a
cemented stem, and the thigh pain was improved after the revision surgery. Digital tomosynthesis and
bone scintigraphy can be helpful for the diagnosis of biological fixation failure due to proximal-distal
mismatch.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

The proximally coated tapered cementless stem is a major trend
in modern total hip arthroplasty (THA). Many reports have
described excellent clinical data [1,2]. In general, the proximally
coated tapered cementless stem is aimed to have mechanical and
biological fixation at the proximal part of the femur. However, the
proximal-distal mismatch can occur when the stem does not meet
the intended mechanical fixation pattern, where the proximally
coated tapered stem is fixed at the distal area [3,4]. In such cases,
optimal biological fixation does not occur, resulting in early
symptomatic aseptic loosening. The diagnosis of aseptic early bio-
logical fixation failure due to proximal-distal mismatch is chal-
lenging because a radiographical reaction from the fixation failure
in the early phase is relatively silent compared with those in the
chronic phase. Thereby, the decision for early revision surgery also
becomes challenging for both surgeons and patients. We report
unique radiographic characteristic findings of aseptic early
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biological fixation failure due to proximal-distal mismatch that are
useful for diagnosis and decision-making.
Case history

A 73-year-old woman was referred to our outpatient depart-
ment for a hip consultation. Her chief complaint was right thigh
pain. Two years before the referral, she had undergone cementless
primary THA using a proximally coated tapered stem (BiCONTACT E
stem; B. Braun, Aesculap Inc., Tuttlingen, Germany) via the poste-
rior approach for treatment of right hip osteoarthritis at another
hospital (Fig. 1). Right thigh pain appeared after THA. One year
before the referral to our consultation department, lumbar canal
stenosis was diagnosed as the cause of the right thigh pain, and
extreme lateral interbody fusion was performed at another hospi-
tal. However, the right thigh pain did not improve. At the time of
the consultation, the right thigh pain had a numeric rating scale
score of 10 of 10. The patient required a walking stick at all times.
Her right Harris Hip Score was 25 of 100. The range of motion of her
right hip was normal. Neurological findings were also normal. Her
C-reactive protein concentration was <0.02 mg/dL, and her white
blood cell count was 5.3� 109/L. Intra-articular aspiration yielded a
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Figure 1. Plain radiograph (a) before and (b) after the initial total hip arthroplasty.

Figure 2. Consecutive plain radiographs of the femur showed gradual reduction of the bone density at the proximal end and cortical hypertrophy at the distal end.

Figure 3. Digital tomosynthesis showed a highly radiodense line along the proximal
part of the stem (reverse reactive line).
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dry tap, and bacteriological examination with normal saline injec-
ted into the joint followed by reaspiration was negative.

A plain radiograph showed an almost full canal fill ratio at the
distal part of the stem. Consecutive plain radiographs of the femur
showed a gradual reduction of bone density at the proximal end
and cortical hypertrophy at the distal end (Fig. 2). The most recent
plain radiograph showed no spot welds, radiolucent lines at the
proximal end of the stem, or reactive lines at the distal end of the
stem (Fig. 2, rightmost radiograph). Digital tomosynthesis showed
a highly radiodense line along the proximal part of the stem
(reverse reactive line) (Fig. 3). Bone scintigraphy showed uptake at
the distal part of the stem (localized distal accumulation) (Fig. 4a).
Based on the clinical findings described previously and unique
radiographic images, failure of biologic fixation of the proximally
coated tapered stem due to proximal-distal mismatch was diag-
nosed and revision surgery was planned.

The operation was performed using a posterior approach with
the patient under general anesthesia and situated in the lateral
decubitus position. The stem was easily removed, and the explant
showed a small amount of bone ingrowth (Fig. 5). Sclerotic changes
were observed at the proximal canal, corresponding to the highly
radiodense line in the digital tomosynthesis image (Fig. 6). A
cemented stem (Exeter; Stryker Orthoapedics, Kalamazoo, MI) with
antibiotic-loaded acryl cement (1-g tobramycin) was implanted
(Fig. 7). The operative time was 2 h 57 min, and the blood loss was
120 mL. Full weight-bearing was allowed immediately after the
operation.



Figure 4. Bone scintigraphy (a) before the revision surgery (localized distal accumu-
lation) and (b) 1-year after the revision surgery.
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After the revision surgery, the patient’s thigh pain was reduced
to a numeric rating scale score of 3 of 10 at 1 week and 0 of 10 at 1
month. No surgical site infection developed, and no other acute
complications were observed. At 1-year after the revision, the pa-
tient no longer required a walking stick, and her right Harris Hip
Score was 83 of 100. She did not complain of right thigh pain. A
plain radiograph showed no abnormalities. Bone scintigraphy
showed disappearance of the uptake at the distal part of the stem
(Fig. 4b).

Discussion

The decision-making for early revision surgery after THA is
challenging for both surgeons and patients. The diagnosis of aseptic
early biological fixation failure due to proximal-distal mismatch is
Figure 5. The removed implant showed very limited osseointegration at the p
difficult. Because a standard radiographic sign such as a radiolucent
sign is a reaction of the femoral bone, it requires a certain time.
Thereby, a delayed diagnosis may lead to the loss of the patient's
walking ability and misdiagnosis. Our case highlighted that the
digital tomosynthesis and bone scintigraphy can be helpful for early
diagnosis of biological fixation failure due to proximal-distal
mismatch.

Proximal-distal mismatch of a proximally coated tapered
cementless stem can be avoided. Preoperative planning with
knowledge of this complication will contribute to an improved
postoperative course for both surgeons and patients. Originally,
the proximally coated tapered stem was designed to obtain me-
chanical and biological fixation at the proximal part of the stem
and to decrease the fill ratio at the distal part of the stem [3].
However, the femoral canal is narrow in some patients, leading to
a full distal canal even when a tapered stem is implanted. In such
cases, a so-called wiper motion of the stem occurs, which creates
excessive micromotion at the proximal part of the stem and
consequent failed osseointegration. Moreover, because the distal
part of the stem is not intended for biological fixation, abnormal
load transmission generates femoral microfractures at the distal
part of the stem, which may cause thigh pain. Ishii et al. [3] re-
ported that suboptimal radiologic changes such as failed
osseointegration at the proximal part and cortical hypertrophy at
the distal part after implantation of a taper-wedge stemwere seen
with greater distal fill, smaller proximal fill, and a narrow femoral
canal in Japanese women. Cooper et al. [4] also suggested that
unfavorable radiologic outcomes demonstrating failed osseoin-
tegration at the proximal coating area were associated with
greater canal fill distally.

Although patients demonstrate limited activities of daily living
once symptoms have appeared, as in our case, all patients with
proximal-distal mismatch develop fixation failure and associated
symptoms. Interestingly, no thigh pain was observed in a study of
250 THAs performed in 236 patients in Germany using a straight
tapered stem (previous model of the stem used in our case) [5]. We
believe that this discrepancy was caused by differences in the
roximal end of the stem (white arrow). (a) front, (b) back, and (c) lateral.



Figure 6. Intraoperative findings of thickened sclerotic bone in the proximal femur
area, which corresponded to the preoperative digital tomosynthesis images.
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femoral morphology among populations. The femoral canal is
smaller in Asian than in Western populations. Umer et al. [6] re-
ported that the femoral canal was narrower in a Pakistani popu-
lation than in a Western population. In addition, most female
candidates for THA in Japan have dysplastic hips. Sugano et al. [7]
reported that dysplastic hips have a narrower femoral canal than
normal hips.

Biological fixation failure when using a cementless stem should
be considered a differential diagnosis for thigh pain. Unfortunately,
the lumbar spine intervention in the present case did not improve
our patient’s symptom. The other differential diagnosis was an
infection. However, the intra-articular aspiration yielded a dry tap,
and the biological test was negative. Moreover, bone scintigraphy
showed uptake in only the distal part, which was inconsistent with
an infection. If an infection is present, uptake is normally seen
throughout the stem.

The diagnosis of biological fixation failure due to proximal-distal
mismatch seems difficult in some cases. In addition to plain ra-
diographs, digital tomosynthesis and bone scintigraphy is helpful
for the diagnosis. If a clear radiolucent line is seen in the proximal
area, the diagnosis is relatively straightforward. A radiolucent line
with high radiodensity is normally seen in the distal region of the
Figure 7. Postrevision surgery radiograph.
noncoated area as a positive sign when using a proximally coated
tapered cementless stem. However, in the present case, this sign
was detected at the proximal part only by digital tomosynthesis.
The tomosynthesis imaging is a digital tomographic technology
that enables the acquisition of tomographic images of three-
dimensional anatomical structures in the human body with the
focal point aligned to any plane chosen that is parallel to an ex-
amination table [8,9]. Moreover, the tomosynthesis imaging has
lower patient radiation dose and reduces metal artifacts such as
joint arthroplasty compared with computed tomography [10,11].
Digital tomosynthesis reportedly has superior accuracy for the
detection of biological fixation than plain radiographs and
computed tomography [12,13]. Intraoperative findings of thickened
sclerotic bone in the proximal femur area corresponded to the
preoperative digital tomosynthesis images. In addition, this prox-
imal thickened sclerotic change and distal abnormal uptake shown
by scintigraphy explain the wiper motion of the proximal part of
the stem around the central distal part of the stem, which resulted
in microfractures and pain.
Summary

We have herein described a patient who required early stem
revision 2 years after the initial THA because of biological fixation
failure due to proximal-distal mismatch. This complication of
proximally coated tapered cementless stems can be avoided by
preoperative planning. Although the diagnosis and decision for
early revision are difficult, digital tomosynthesis and bone scin-
tigraphy can be helpful for the diagnosis of biological fixation
failure due to proximal-distal mismatch.
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