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A Case Report of a Symptomatic Atrophy and Osteonecrosis of the
Femoral Diaphysis Induced by Internal Plate Fixation of a Periprosthetic
Fracture

Hanna Wellauer"”, Emanuel Gautier’, Bernd Klaeser™, Niklaus Meyer', Christoph Meier’,
Peter Wahl"*’

Learning Point of the Article:
Internal fixation may cause bone atrophy and necrosis, even when using modern plate designs.

Introduction: Periprosthetic fractures (PPF) of the proximal femur are a leading cause of revision after total hip arthroplasty. Internal fixation
may be chosen if the hip implant is stable or if a stable fixation may be obtained. Preservation of bone perfusion and adequate stability are
essential for successful fracture healing. As presented, plate design and application mayinduce both osteonecrosis and atrophy of the bone.

Case Report: An 82-year-old female sustained a PPF of the proximal femur after cemented hemiarthroplasty. The fracture was treated by plate
fixation with cerclages applied at the level of the femoral stem. While the fracture healed without loosening of the components, pronounced
atrophy of the whole femur developed, with devitalized areas of the bone underlying the plate. The plate used had no undercuts and probablyhad
excessive stiffness.

Conclusion: When not strictly applied as an internal fixator at a distance from the bone, the plate model used in this case may disturb periosteal
blood flow, causing osteonecrosis. Furthermore, high bending rigidity of the plate-bone construct may lead to stress shielding and atrophy.
Designand mechanical properties of a plate are relevantin fracture healing.

Keywords: Periprostheticfracture, plate fixation, internal fixation, bone biology, bone necrosis, plate contact.

Introduction Preservation of bone perfusion and adequate stability are

Periprosthetic fractures (PPF) of the proximal femur are one of
the most frequent causes of revision after total hip arthroplasty as
well as after hip hemiarthroplasty (HHA) [1, 2, 3]. Revi-sion of
the stemisnotalways necessaryin case of PPF, even if the fracture
affects the area of anchorage of the implant. Internal fixation with
cerclages and plate may be an adequate treatment option if the
prosthetic stem is stable, or if a stable construct may be obtained
with fixation [2, 4, 5,6,7,8,9, 10].

essential for bone healing and thus the success of internal fixation
[11]. One of the main issues with internal fixation using plates is
the potential compromise of bone perfusion by compression of
the periosteal blood flow due to contact of the implant [12, 13,
14, 15]. In addition, bone healing may be impaired if the stiffness
of the construct is not adapted to fracture characteristics,
respectively, an implant that is too rigid may cause later stress
shielding with consecutive bone atrophy [16]. Despite

Access this article online

Dr. Emanuel Gautier

Dr. Hanna Wellauer

Website:

Author’s Photo Gallery

\

Dr. Peter Wahl

Dr. Niklaus Meyer

Dr. Bernd Klaeser Dr. Christoph Meier

WWW.jocr.co.in

DOI:
https://doi.org/10.13107 /jocr.2025.v15.i11.6358

Address of Correspondence:
Dr. Hanna Wellauer,

E-mail: hanna.wellauer@ksw.ch

'Division of Orthopaedics and Traumatology, Cantonal Hospital Winterthur, Winterthur, Switzerland,
*Department of Orthopaedic Surgery, HER Fribourg - Cantonal Hospital, Fribourg, Switzerland,

“Institute of Nuclear Medicine, Cantonal Hospital Winterthur, Winterthur, Switzerland,

‘ARTORG Center of Biomedical Engineering Research, Faculty of Medicine, University of Bern, Bern, Switzerland,
*Departement of Biomedical Engineering, University of Basel, Basel, Switzerland.

Division of Orthopaedics and Traumatology, Cantonal Hospital, Brauerstrasse 15/PO box 834, 8401, Winterthur, Switzerland.

Submitted: 08/12/2024; Review: 28/09/2025; Accepted: October 2025; Published: November 2025

DOTI: https://doi.org/10.13107/jocr.2025.v15.i11.6358
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data
made available in this article, unless otherwise stated.

2025 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




Wellauer H, etal

www.jocr.co.in

Figure 1: Conventional anteroposterior radiographs of the left hip, respectively, the left fe-mur of the patient described. In (a) after cemented

hemiarthroplasty, performed due to a femoral neck fracture, at an age of 80 years. In (b) periprosthetic spiral fracture of the femoral diaphysis, 2 years

postoperatively, following a low-energy fall. In (c) after internal fixation of the femur. The fracture was first reduced with a cerclage (arrow), then a lateral

neutralization plate was applied, fixated proximally with further cerclages and distally with screws. In (d) follow-up 4 months after internal fixation. Note that

no callus formation is visible, indicative of absolute stability. In (e) follow-up 4 years after internal fixation. Note the atrophy of the cortical bone, both medially

and laterally, but particularly under the plate (arrows). There were no signs of loosening of the stem, nor of the cement mantle. The yellow line marks the level

ofthe cross-section from Figs. 4 and 5.

increasing experience and further development of internal
fixation techniques for many dec-ades, classical problems
associated with plate fixation may still happen nowadays.

The observations reported provide exceptional insights into
both the issues of necrosis and atrophy of the cortical bone
following plate fixation of a PPF of the femur. Identification of
these complications led to further investigations of the
mechanical properties of plates com-monly used in this
indication. The design and mechanical characteristics of the
plate used probably contributed to both complications. Even if
limited to a single case, this report may provide important
insights to improve internal fixation, beyond the issues of PPF
ofthe proximal femur.

Case Report

An 80-year-old female had been treated with a cemented HHA
(AMIStem-C, Medacta, Cas-tel San Pietro, Switzerland) for a
low-energy femoral neck fracture (Fig. 1a). Two years later, the
now 82-year-old patient tripped and fell again, suffering a PPF
of the femur (Figs. 1b and 2). As the treating team considered

the stem to be stable, with a fracture evaluated as being located
distally to the area of fixation (Unified Classification System
[UCS] Type C) [17], plate fixation was chosen. Open
reduction and internal fixation of the fracture was performed
through a subvastus approach, with reduction and fixation by a
cable cerclage (Cable System 1.7 mm, DePuy Synthes, Zuchwil,
Switzerland) and application of a lateral neutralization plate
(non-contact bridging [NCB] Periprosthetic Femur Plate
System 18 hole, Zimmer Biom-et, Zug, Switzerland), fixated
distally with screws and along the level of the stem with further
cable cerclages (Cable System 1.7 mm). Postoperatively, the
patient was mobilized in a wheelchair, as full weight-bearing was
not recommended and as it was not possible to imple-ment
partial weight-bearing. Wound healing was uneventful.

The radiological follow-up after 8 weeks showed intact material
without evidence of loosen-ing (Fig. 1c). Mobilization under
full weight-bearing with support by physical therapy was then
attempted. Four months postoperatively, the radiological
follow-up showed a general atrophy of the cortical bone, which
was accentuated at the lateral cortex, underneath the plate (Fig.
1d). Mobilization was hampered due to thigh pain, which had

Journal of Orthopaedic Case Reports | Volume 15 | Issue 11 | November 2025 | Page 208-216



Wellauer H, etal

www.jocr.co.in

Figure 2 Coronal (a) and sagittal (b) computed tomography (CT) scan
reconstructions of the left femur of the patient described, showing the
periprosthetic fracture. The extension of the fracture into the lateral cortex at
the level of the tip of the stem arrow in (a) as well as a fracture of the cement
distally to the tip of the stem arrow in (b) are visible. Both fracture extensions
had been missed by the treating team. Accordingly, and considering the line-
to-line principle of cementation of the affected stem, the fracture should be
classified at least as Unified Classification System Type B2, if not B3, and not
as a type C. The subluxated appearance of the head of the femoral head
prosthesis is an artifact due to movement of the patient during the CT
examination.

been interpreted to be caused by muscle atrophy. Thus, further
physical therapy was recommended. As the impaired mobility

caused difficulties attending consultation at the hospital, no
turther follow-up visits were planned.

Due to increasing thigh pain, the patient was readdressed for
evaluation by her general practi-tioner 4 years after the
operative treatment of the PPF. Not having been mobilized
outside a wheelchair in the meantime, the patient showed
bilateral hip and knee flexion contractures. Consequently, she
was unable to stand, disregarding the issue of thigh pain.
Radiologically, there was now pronounced atrophy of the
cortical bone of the femur, particularly of the lateral cortex
under the plate (Fig. le). An infection was considered unlikely,
as there was no pain at rest, as the soft tissues were
inconspicuous, as the fracture had healed, and as there were no
general symptoms. A single-photon emission computed
tomography (CT) showed avascular areas of cortical bone
underneath the plate (Fig. 3). The CT better illustrated a

general atrophy of the femur with thinning of the bone cortexin
comparison to the contralateral femur (Figs. 4 and S). There
was, however, no sign of loosening of the stem. Considering
comorbidities, very limited potential for recovery, and the
patients’ desire for no more surgery, the option of a revision was
rejected, accepting the present situation. The patient died 7
monthslater.

Mechanical properties of the plates

The following plates were chosen for further investigation: a
NCB plate, made of titani-um-aluminum-vanadium alloy,
corresponding to the one used in this case, a broad curved
4.5/5.0 mm locking compression plate (LCP) made of stainless
steel (DePuy Synthes, Ober-dorf, Switzerland), a broad curved
4.5/5.0 mm LCP made of forged titanium (DePuy Syn-thes)
and a narrow 4.5/5.0 mm LCP made of stainless steel (DePuy
Synthes). Differing from the LCP design, the NCB plate has a
varying cross-section along the length of the plate. The plates
were photo-documented and dimensions measured before
destructive testing. A 4-point bending test according to
American Society for Testing and Materials F382-17 was
performed to determine the bending behavior of the plates
[18]. The NCB plate, considering the non-uniform cross-
section in the longitudinal axis, was positioned according to the
in vivo situation, the compression area corresponding
approximately to the tip of the stem (Fig. 1). The undersurface
of the NCB has a design markedly different from the LCP, as it
has a lon-gitudinal groove adapting to the curvature of the
femoral diaphysis and it has no undercuts (Fig. 6). While having
nearly the same thickness (NCB: 6.2mm,4.5/5.0mmLCP: 5.8
mm), the NCB iswider (20.8 mm at the approximate level of the
tip of the stem in this case) than the broad 4.5/5.0 mm LCP
plate (17.5 mm; Fig. 6). Considering the cross-section being
rec-tangular and disregarding screw holes, the cross-sectional
area of the NCB at the level of in-terest is 129 mm?, and 101.5
mm? for the broad 4.5/5.0 mm LCP, thus 27% larger for the
NCB. The axial area moment of inertia of the plate (Iz=1/12 x
[height® x width]), representing the resistance of the cross-
section against bending, would be approximately 413 mm* for
the NCB plate and thus approximately 45% greater than for the
broad 4.5/5.0 mm LCP, which has approximately 285 mm®*.
Considering the modulus of elasticity of pure and alloyed tita-
nium is equal, the bending stiffness of the NBC would be 45%
greater than that of the broad LCP.

There were marked differences between the four plates
regarding bending behavior (Table 1 and Fig. 6). The narrow
4.5/5.0 mm LCP had the lowest resistance to bending. The
titanium alloy NCB plate had the highest stiffness and
resistance to bending due to its greater cross-section. The NCB
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Figure 3: In (a) overview image for orientation. In (b) paracoronal view of the single-photon emission computed tomography (SPECT) of the left femur 4

years after plate fixation of a periprosthetic fracture of the proximal femur after cemented hemiarthroplasty of the hip. In (c) paracoronal reconstruction of the

SPECT/computed tomography fusion image of the left femur, also illustrating the implant. The bone directly under the plate showed no detectable metabolic

activity in various areas, a typical image of bone necrosis (arrows). In the area of the medial cortex, however, there was compensatory increased activity, which

isto be ex-plained by the atrophy of the bone.

was about twice as rigid as the broad LCP made of pure
titanium. The broad 4.5/5.0 mm LCP made of stainless steel
was about twice as rigid as the narrow 4.5/5.0 mm LCP of the
same material.

Discussion

The treatment of a PPF with internal fixation is an established
surgical treatment option [8, 19]. Whether internal fixation is
adequate for treatment of PPF of the femur depends on the
stability of the stem, respectively, the fracture pattern and
localization, as well as potential stability after fixation [2]. The
general condition of the patient may also be part of the deci-
sion-making process, internal fixation being potentially less
invasive than stem revision. Thus, internal fixation may be an
acceptable option in case of severe comorbidities and limited
func-tional requirements, even if otherwise, stem revision
would be the treatment of choice from a mechanical point of
view[9,19,20,21,22,23,24].

In the presented case, the fracture had been classified by the
treating team as a type C frac-ture, according to the UCS

classification [ 17]. However, a more detailed analysis of the CT
scan showed an extension of the fracture into the lateral cortex at
the level of the tip of the stem, as well as a fracture of the cement
at the same level (Fig. 2). Cement fixation of the stem design
used in this case was based on the line-to-line concept [25, 26,
27]. An interruption of the connection between the stem and
the cement leads to an unstable situation with this kind of
cementation principle [2, 27]. Therefore, the fracture should
have been classified correctly as a type B2, possibly even B3,
considering the poor bone quality. Low functional demands
were probably decisive regarding the outcome of the stem, as
the patient never became ambu-latory again. Thorough
radiologic work-up of PPF, including evaluation of the zone of
fixa-tion of the affected implant, is recommended before
decision-making [20]. When opting for internal fixation, it is
recommended to apply a plate spanning the entire length of the
femur [8]. Various implants are available for the treatment of
PPF. Universal plates, such as the standard large fragment LCP
(DePuy Synthes), which is also available curved, can be used.
Alternatively, anatomically pre-shaped plates are available from
different manufacturers, such as the NCB plate (Zimmer
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cerclages have to be used to avoid
interference of screws with the prosthesis
stem and/or cement. While the NCB
system offers the possibility to use stub
screws as distance holders, this may prove
inadequate in such situations. Cerclages
are usually necessary in the segment of the
underlying stem to achieve and maintain
adequate reduction of the bone fragments
and stabilize the plate. In case of
osteoporosis, stub screws would be prone
to being crushed into the bone, failing the

Figure 4: Axial computed tomography (CT)-scan images illustrating the cross-section of the femoral dis-tance hOIding funCtion; or Creaﬁng
diaphysis of the patient described, at the level of the yellow line in Fig. 1. In (a) at the time of the additional fracture lines. In addition,

periprosthetic fracture. In (b) 4 years after internal fixation with a lateral plate. Note general atrophy with
thinning out of the cortex. In the area under the plate (arrow), there were areas of necrosis, with no
detectable bone metabolism in a single-photon emission CT. The quality of the image in (b) is reduced due

cortical screws are often required in the
distal plate segment for reduction or to

to artifacts caused by the implants and due to the movement of the patient during the procedure. Only the T educe the risk of later pe-ri-implant
geometry of the bone may be com-pared. The apparent density of the bone is affected by differing fracture [31]. This would lead to loss of

acquisition protocols as well as due to artifacts induced by the implants, limiting comparison of the density.

Biomet), which was applied in this case. The latter plate
possesses some specific design features that need consideration
when employingit for internal fixation of PPF.

A relevant proportion of the blood supply to the bone of the
diaphysis originates from the periosteum [12, 28]. Implants
used for internal fixation, such as conventional plate-screw-
constructs, canimpede blood supply by exerting direct pressure
on the bone, con-secutively increasing the risk of local bone
necrosis and non-union [11, 12, 13, 15, 29]. Un-dercuts have
been incorporated into plate designs to reduce contact with the
underlying bone and preserve blood supply [11, 12,13, 1§, 29,
30].In contrast, the undersurface of
the NCB plate lacks such
indentations (Fig. 7). When
applied directly to the bone, the
longitudinal groove of the NCB
may potentially compromise blood
perfusion on a relatively large
surface, especially if the edges of the
groove compress the periosteum. In
the present case, the plate had been
applied in direct contact with the
bone and with considerable
pressure, exerted by the cerclages

and conventional, non-locking

the non-contact concept of the NCB plate
and compression of the periosteum by the
plate. Besides the biological advantages of plate undercuts, they
also serve to homogenize stiffness along the plate despite the
presence of screw holes [32]. This is obtained on the NCB plate
with various outcuts, which, however, do not offer any
protection for the periosteal blood vessels. Surgeons should be
aware of the technical features and specificities of the implants,
as plate design mayvary greatly.

Inthe presented case, the fracture healed despite the application

of the plate, and there was no mechanical failure of the plate
itself. However, marked atrophy of the cortical bone developed

screws. Cortical bone necrosis due Figure S: Computed tomography scan images 4 years after fixation of the periprosthetic fracture of the left femur

to compression of the periostea
vessels may be avoided if the NCB

1 after cemented hemiarthroplasty of the hip in the patient described, illustrating the cross-section at the level of the
yellow line in Fig. 1, for both the right (a) and the left (b) femur. Note the general atrophy of the bone of the left
femur, compared to the thickness of the cortex of the right femur, which may be considered normal at such age in

plate is used as an internal fixator, females, despite immobilization. There neverthelessis a cancellous transformation at the inner cortex of the right
ap-plied ata distance from the bone. femur, typical for endosteal resorption, as expected after prolonged unloading, the patient having never regained

However, this may not be possible if Walkingability.
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the rigidity of internal fixation constructs are available.

= NCB periprosthetic proximal femur plate. titanium alioy Beyond fracture classification and locali-zation,
e Broad curded 4,550 mm LGP, stainless sieel
7000 4 =——Broad curved 4.5% 0 mm LCP, pure titanium

Marrow straight 4.5/5.0 mm LCP, stainless stoel performinginternal fixation.

8000 -

implant specificities should also be considered when

Both the material properties and the design of the plate,
particularly the cross-sectional area, are essential
determinants of the bending stiffness and behavior of
the implant [34]. The NCB plate is made of
titanijum—aluminum-vanadium alloy, which shares a
similar elasticity modulus with the pure titanium used
for AO/ASIF-standard implants [3S, 36]. Among the
metals and alloys employed for orthopedic implants,

Force in M
g 8 & 8§ &

pure and alloyed titanium come closest to the elas-ticity
bl ofbone, albeit their modulus of elasticity remains up to
o : . . . . . . . 7-fold higher than that of corti-cal bone, whose
oo 25 S50 TS5 100 125 150 175 200 modulus of elasticity is generally between 17 and 28
Displacement in mm GPa [37, 38, 39]. In the static bending test carried out,
the NCB plate demonstrated the highest bending

stiffness among the four implants tested. Calculation of

Figure 6: Results of the 4-point bending test according to ASTM F382-17 of the four

plates tested. The non-contact bridging plate was tested at the approximate level of the tip

of the stem of the total hip replacementin the patient described, as this plate is asymmetric cross-sectional properties and measurement of the

with a varying cross-section. As a comparison, a narrow 4.5/5.0 mm locking compression bending behavior of the plate both confirm the highest
plate (LCP) made of stainless steel, a broad curved 4.5/5.0 mm LCP made of stainless stiffness for the NCB plate among the implants

steel,and abroad curved 4.5/5.0 mm LCP made of pure titanium were tested. selected. The broad 4.5/5.0 mm LCP made of pure
(Figs. 1, 3, 4, and $), in addition to the necrosis of the bone titanium has a significantly lower stiffness than the
directly under the plate (Fig. 4). The stiffness of the plate-bone NCB plate, despite being made of metals with a similar elasticity
composite beam leads to unloading of the
underlying bone (stress shielding).
Mechanical unloading of the bone cortexis
probably triggering bone remod-eling and
localized bone atrophy as along-term effect
[33]. Avoidance of post-operative weight-
bearing certainly was contributive, but as
the contralateral femur did not develop any
particular atrophy, rigidity of the fixation
may be considered the main cause in this
case. The hip replacement implant may not
be incriminated, as the atrophy appeared
far more distally along the femur. Even if
the bending stiffness of the various plates
differs only moderately, the bending
rigidity of the plate-bone composite beam
may, however, be increased by a much
higher proportion and end up being
excessive and problematic [34]. The

mechanical properties of the plate have to

be incorporated by the surgeon in his :
appreciation of the adequacy of fix-ation. Figure 7: Undersurface of the non-contact bridging (NCB) periprosthetic proximal femur plate

Zimmer Biomet, Zug, Switzerland) on the left and of a broad curved 4.5/5.0 mm locking compression
] ) ] plate (LCP) (DePuy Synthes, Oberdorf, Switzerland) on the right. Note that the NCB has no undercuts
more precise recommendations regarding andhasa longitudinal groove, increasing contact with the tubular diaphyseal bone, whereas the LCP has

severalundercuts to reduce contact of the plate with the underlyingbone.

This, however, remains very subjective. No
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Table 1: Results of the 4point bending test according to ASTM F38217 of the 4 plates tested. The NCB
plate was tested at the approximate level of the tip of the stem of the total hip replacement in the
patient described, as this plate is asymmetric with a varying crosssection

NCB periprosthetic proximal femur tltanlum—aI}Jmlnum— 903.1 (N/mm?) 6185 (N)
plate vanadium

4.5/5.0 mm broad curved LCP stainless steel 786.7 (N/mm?) 4407 (N)

4.5/5.0 mm broad curved LCP pure titanium 481.5 (N/mm?) 3279 (N)

4.5/5.0 mm narrow straight LCP stainless steel 327.8 (N/mm?) 1871 (N)

NCB: Non-contact bridging, LCP: Locking compression plate

modulus. Even though the modulus of elasticity of stainless
steel (approximately 190-200 GPa) is higher than for pure and
alloyed titanium (approximately 110 GPa), the test shows that
the NCB plate is stiffer than a broad 4.5/5.0 mm LCP made of
stainless steel. This dif-ference can be attributed to the much
larger cross-section of the NCB plate (Fig. 7). It is worth noting
that plates and constructs with higher rigidity have been
identified as a risk fac-tor for non-union of distal femur
fractures, suggesting that excessive rigidity may be detri-mental
in fracture fixation [40].

Regaining walking ability following a PPF of the femur is
challenging, with only half of the patients able to return to their
initial functional level [41]. Elderly people are usually not able
to maintain partial weight-bearing [42, 43]. Therefore, post-
operative mobilization of the pa-tients commonly is limited to a
wheelchair, for fear that full weight-bearing may overload the
recently performed fracture fixation. However, such
immobilization can have dire conse-quences for these
predominantly elderly and frail patients, as demonstrated in the
case pre-sented. Immobilization leads to loss of bone and
muscle mass, and it accelerates mental dete-rioration [44, 45,
46]. Consequently, the treatment of PPF of the femur should
aim at early mobilization of the patient to ensure a functionally
good result. Internal fixation of PPF of the femur in the elderly
should ideally provide enough stability to allow unrestricted
weight-bearing and early mobilization. In case of a simple PPF
and low-energy traumatism, optimal stability is achieved best
with a tension-band plating (load-sharing concept). Unfortu-
nately, this possibility is often overlooked, particularly with the
rising popularity of new ana-tomically pre-shaped plating
systems designed as internal fixators. Nevertheless, even
internal fixators can be utilized as effective tension band

stabilization systems when applied appropri-ately. The good
old principles of internal fracture fixation should, however, not
be forgotten and applied strictly, even or particularly when
usingmodern, pre-shaped, anatomicimplants.

Conclusion

When not strictly applied as an internal fixator at a distance
from the bone, the NCB plate, which had been used in this case,
may disturb periosteal blood flow, causing osteonecrosis, as it
has no undercuts. Furthermore, high bending rigidity of the
plate-bone construct maylead to stress shielding and atrophy of
the bone. Design and mechanical properties of a plate are
relevant in fracture healing and should be considered when

performing internal fixation.

Clinical Message

« The application of a plate without undercuts in direct contact with
the bone impairs periosteal blood flow, possibly leading to bone
necrosis.

o The rigidity of the plate-bone construct in internal fixation may be
excessive and lead to bone atrophy due to stress shielding; as there
are no clear cutoff values and as evaluation of rigidity remains
subjective, internal fixation remainsanart.

« Modern, anatomic plates, developed to solve certain issues

observed previously, may also lead to new problems in internal
fixation.
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