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a b s t r a c t

A 68-year-old man was referred due to bilateral hip pain and gradual deterioration of walking. He had
mold arthroplasties on both hips at the age of 7 years and has been functioning well for more than
5 decades. However, the original data on operative report and the prostheses were missing. The radio-
logical examination revealed bilateral broken prosthetic material. Thus, stage bilateral revision total hip
arthroplasty was performed. A detailed chemical analysis of retrieved mold arthroplasty implants proved
that the acrylic material was noted to be the same composition with the difference in appearance likely
being related to different thermal treatments originally applied to the implants. As presented in our
clinical case, even obsolete implants may have good survivorship. According to the case presented, total
hip arthroplasty could be considered an effective option with the desired functional outcome when
conservative and joint-preserving measures are exhausted.
© 2024 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/

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

Hip arthroplasty in skeletally immature children remains contro-
versial due to questionable implant survival [1-3] and the technically
demanding surgical procedure. In thepast, inchildrenwithsecondary
end-stage hip failure, hip arthrodesis was the most common treat-
mentoption [4]. Totalhiparthroplasty (THA) is a suitableandeffective
treatment for those patients after failed joint preserving surgeries or
conservative treatment [4,5]. Smith-Petersen performed the first at-
tempts at hip arthroplasty in 1923 and introduced the concept of
"mold" arthroplasty by fitting a glass cup between damaged acetab-
ular and femoral head cartilages to stimulate the growth of synovial/
cartilage-like layer on damaged joint surfaces [6]. In the 1950s, the
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Judet brothers introduced the concept of an acrylic hip hemi-
arthroplasty covering the damaged femoral head [7]. The most
common problem of Smith-Petersen and Judet implants was the
prosthesis material failure [7]. Despite implant improvements [6-8],
both conceptsnever reached thedesired results andwere replacedby
contemporary cemented hip arthroplasty introduced by Charnley in
the 1960s [1,9]. The most important concerns regarding THA in chil-
dren include technical difficulties associated with poor bone stock,
severe bony deformities, leg length differences, issues regarding
preservation of the growth plate and small bone size with a narrow
femoral canal [10]. There are no historical reports of pediatric hip
arthroplasty and very few for thoseyounger than10 years. This article
reports a rare clinical case of pediatric bilateral acrylic non-Judet
hemiarthroplasty implanted 60 years ago.

Case history

A 68-year-old male patient was referred to our hospital in
September 2019 due to bilateral hip pain and inability to walk. He
reported that he was treated at our institution at the age of 7 years
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Figure 2. An X-ray image of bilateral mold arthroplasties recorded in May 2020 before
the revision operation.
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for bilateral congenital hip dislocation. In 1961, bilateral glass-like
mold arthroplasty with hip repositioning was performed (Fig. 1).
We have no records about the implantmanufacturer, but it does not
look like a Judet implant used in the same period [11].

A detailed examination of his medical history revealed that he
was affected by bilateral hip dislocation treated at the age of
2 years. In March 1956, he was treated with skeletal traction
following repositioning and casting, followed by several unsuc-
cessful closed hip repositioning attempts. In April 1961, mold
arthroplasty was performed on the left hip, and the right side fol-
lowed in October 1961. At the time of surgery, he weighed 25 kg.
The greater trochanter osteotomy was performed during the
approach, the teres ligament was dissected, and the femoral head
was dislocated. With chisels, the acetabulum was deepened, and
the incorrectly shaped femoral head was marginally resected and
shaped to fit the diameter of the mold. Mold arthroplasty is a
hemiarthroplasty technique where a hollow hemisphere fits over
the femoral head, that is, no acetabular component is implanted.
After the surgery, he was immobilized in hip spica cast and skin
traction was applied for 3 weeks. In August 1962, he walked
without support with the hip flexion at 85�, abduction at 25�, in-
ternal rotation at 20�, external rotation at 30�, and retroflexion at
15�.

For several decades after the procedure, he walked shorter
distances without pain, even played football, but he was never an
avid walker. In the last few years before revision, he experienced
progressive pain in both hip joints and could not walk indepen-
dently, even for short distances. In theweeks before the referral, his
average bilateral hip pain was 8/10 according to the visual analog
scale, and his ability to walk was less than 100 meters with
crutches. The physical examination revealed scars above both hips
without any sign of inflammation. Both hips were lax under the
axial tension, with good passive movements but considerably
restricted active movements.

The revisions were performed in our hospital, first on the right
and second on the left. For detailed planning of the surgery,
computed tomography scan was performed, and it revealed bilat-
eral dysplastic acetabula with proximally displaced femur, with
severe destruction of the articular surfaces and a massive amount
of heterotopic ossification in the surrounding tissues. The preop-
erative X-ray image (Fig. 2) showed that on the right side, joint
space, the foreign material was fragmented, while on the left side,
there was still a partially preserved dome structure with a diameter
of 42 mm.
Figure 1. Preoperative planning data from 1961.
The first THA procedure was performed in May 2020 on the
right hip (Fig. S1) with the direct lateral approach [12]. After
debridement of the hip, including the removal of most broken
glass-like fragments of the implant, a Paprosky type 2C acetabular
bone defect was identified, and the reconstruction of the acetab-
ulum was performed with the porous revision tantalum cup with
lateral acetabular edge supported with a porous tantalum augment
(TMARS, Zimmer Biomet, Warsaw, IN), the TMARS shell was size 48
mm and the neutral Longevity liner size 48 mmwas cemented into
the shell. The Alloclassic stem (Zimmer Biomet, Warsaw, IN) was
inserted on the femoral side and 28-mm head was used. Microbi-
ological and histopathological analysis samples were obtained
during surgery and were negative regarding infection. After the
surgery, there was a functional leg length difference of 7 cm, for
which he required special orthopaedic shoes. Postoperative in-
hospital physiotherapy that included learning to walk with
crutches with limitedweight-bearing (up to 40 kg) on the right side
was initially uneventful.

In the middle of June 2020, he was urgently admitted to our
hospital for a dislocation (Fig. S2a), which was closely reduced. A
few days later (end of June 2020), he suffered another dislocation
with a subsidence of the femoral component treated with an ex-
change of the femoral component (Fig. S2b). At the end of July 2020,
he was again urgently readmitted for a periprosthetic fracture
Vancouver type B1-C (Fig. S2c) when he slipped on the toilet at
home and could no longer bear the weight on his right leg, and
osteosynthesis was performed (Fig. S2d). At the follow-up in
September 2021, he was walking with crutches and scored 66
points on the Harris hip score. His most significant problem at that
point was the pain on the left, untreated side, upon standing still for
a shorter period of time. Another complaint reported by himwas an
increased leg length discrepancy since the last surgeries, which was
noted to be approximately 9 cm.

In January 2022, the surgery on the left hip was performed using
the same approach and implants as described previously, with an
uneventful postoperative period. At the last follow-up in April
2022, 3 months after the surgery on the left side and 9months after
the last procedure on the right side, he had no pain in both hips
(Fig. 3). He walked with crutches for longer and without them for
shorter distances. At the 2-year follow-up in February 2024, he
reported no pain associated to both hip regions, he walked without
crutches for shorter distances while required crutches for longer
walk. At the last follow-up, he scored 79 points on the Harris hip
score.



Figure 3. X-ray image after definitive revision THA treatments of both hips at follow-
up in April 2022.
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Awritten informed consent was provided by the patient for this
paper to be published.

As the explanted material differed from the Judet hemi-
arthroplasty used for adults in the 1950s, we were interested in the
material used for the implants. The explanted mold arthroplasty
implants are shown in Figure 4. The revised right implant was a
fractured cup with a glass-like appearance and sound (Fig. 4a). The
revised left implant differed somewhat from the right one (Fig. 4b).
It appeared like a dome, but the top surface was worn, leaving a
large hole. It was also transparent but more plastic-like and not
glass-like compared to the implant on the right side. We had no
information on the manufacturer of the prosthetic material and
contacted all the retired senior orthopaedic surgeons in the coun-
try; however, nobody remembered anything about the case or the
praxis to pediatric implant prostheses in the early sixties.
Material analysis

The explants were characterized by different analytical tech-
niques to reveal their chemical composition. The methodology is
described in the Supplemental material.

The implant in Figure 4a was analyzed by scanning electron
microscopy with energy-dispersive X-ray spectroscopy (Because of
its size the implant in Figure 4b could not be placed inside the
Figure 4. The explanted mold arthroplasties with glass-like appearance: (a) r
microscope without being cut in pieces. The analysis was therefore
carried out only for implant in Figure 4a.). The prominent general
appearance of the samples is matrix intertwined with fractures and
longitudinal marks, presumably related to the wear during decades
of use (Fig. 5a and b). The images in Figure 5c and d detail the wear
of material where individual scratches and numerous pits are
observed. Energy-dispersive X-ray spectroscopy analysis identified
only carbon and oxygen (Fig. S3), indicating that the material is
organic, that is, polymeric. Since the sample was coated with car-
bon, it is impossible to distinguish the signal originating from the
sample itself. However, if the material were glass, it would contain
other elements such as silicon and calcium, which was not the case.

Fourier-transform infrared spectroscopy (FTIR) was explored to
resolve the material's chemical composition. FTIR spectra were
similar for both implants (Fig. 6). The spectra indicated the acrylic
type of material, presumably poly(methyl methacrylate) (PMMA),
also known as acrylic glass. FTIR spectrum of PMMA is character-
ized by the bands between 3500 and 2850 cm�1 due to C�H
stretching asymmetric vibrations, an intense band at 1722 cm�1

due to C¼O ester carbonyl group, and multiple bands in the region
between 1463 and 1377 cm�1 related to C�H (CH2) and C�H(CH3)
bending vibrations. The band at 1190 cm�1 can be ascribed to C�O
stretching vibrations. Bands at smaller wavenumbers below 1000
cm�1 are also associated with CH�CH and bending-out vibrations.
The presented spectrum is aligned with the literature data [13].

Based on scanning electron microscopy/ energy-dispersive X-
ray spectroscopy and FTIR analyses, it was confirmed that the im-
plants were made of polymeric acrylic material. However, how
these materials differ was still unclear since only one had a glassy-
like appearance (Fig. 4a). To find a reason for the different ap-
pearances of the 2 PMMA materials, they were further character-
ized by several methods: differential scanning calorimetry, nuclear
magnetic resonance (NMR), size exclusion chromatography multi-
angle light scattering, and high-performance liquid chromatog-
raphy. The 1H NMR spectra of both samples were comparable and
indicative of PMMA (Fig. 7), similar to the FTIR spectra. They
showed a comparable content of isotactic, atactic, and syndiotactic
triad sequences, indicating a comparable molecular microstructure
of both PMMA samples. This is consistent with their comparable
glass transition temperatures (Tg), as shown by the DSC results (Tg:
121.8�C and 123.4�C for the right and left implant, respectively;
Fig. S4). Furthermore, the 1H NMR spectra showed no additional
signals indicating the presence of additives, which was also
confirmed by high-performance liquid chromatography coupled to
a universal evaporative light scattering detector (Fig. S5). The
ight hip operated in May 2020 and (b) left hip operated in January 2022.



Figure 5. Scanning electron images (SEM) of the interior of the concave parts of the mold arthroplasty in Figure 4a show (a, b) longitudinal marks), (c) scratches and (d) pits.
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PMMA material of the 2 hips differs only in the molar mass char-
acteristics, as the PMMA of the right hip has higher molar mass
averages and slightly broader molar mass distribution (described
with the dispersity Ð) than the PMMA material of the left hip
(Fig. 8).

Discussion

Despite the abundance of evidence regarding THA in adults, the
data on pediatric THA is still scarce [1]. Mostly, there are case series
of children having THAs during adolescence [2,14], but there is no
evidence about using early designs of hip implants in children. The
first attempts to solve problems of damaged hips in the past were
related to improving joint congruences with smooth and solid
materials such as glass or acrylate [6,8]. The main drawbacks of
those materials were the components' fragility and lack of
component bone on/ingrowth, significantly reducing implants'
survival [7,8]. Although several reports about early material
Figure 6. Fourier-transform infrared spectra (FTIR) of the interior of the concave parts of the
(PMMA) is given in inset.
breakage exist, many implants survived for decades after primary
implantation [14,15]. It was generally shown that the results of
THAs were inferior at a very young age. Only a few reports of hip
arthroplasty in children are primarily associated with particular
circumstances, including rheumatoid diseases, neurologic condi-
tions, and similar conditions. Different studies on THAs in patients
younger than 21 report survival rates between 83% at 3 years of
follow-up and 89.5% at 10 years of follow-up [14,16-20]. Literature
data are summarized in Table 1. With contemporary implant
design, however, a large Mayo series demonstrated excellent re-
sults and survivorship [16]. There are no historical reports of pe-
diatric hip arthroplasty and very few for those younger than 10
years.

As in most historical implants, material failure was probably the
main reason for hip failure in this patient. We do not know when
the material broke, but as there was a period a few years before the
revision when the patient noticed a sharp increase in pain and
functionality loss, we speculate it was then that the implants
mold arthroplasties in Figure 4a. The chemical structure of poly(methyl methacrylate)



Figure 7. Proton nuclear magnetic resonance (1H NMR) spectra of the concave parts of
the mold arthroplasties.

Table 1
Literature data on total hip arthroplasty (THA) in young patients younger than 21
years.

Reference Cohort Results

Pallante et al.
[16]

91 primary THAs in
patients <21 y old
(average age of 17 y)
with bearing surfaces
of 58% ceramic-on-
ceramic, 31% metal-on-
highly cross-linked
polyethylene, and 11%
ceramic-on-highly
cross-linked
polyethylene

At an average follow-up of 8 y,
the average HHS was 92, and
the survivorship for any complication
was 91.2%, 91.2%, and 89.5% at 2, 5,
and 10 y, respectively. No difference
in linear wear among different
bearing surfaces was observed.

Khalenberg
et al. [17]

129 primary THAs in
patients <21 y old
(mean age: 17 y)

Survivorship for revision was 79.1%
at a mean follow-up of 13.2 years,
the mean UCLA activity score was 5.9,
the mean Forgotten Joint Score 57.9
and the mean Hip Disability in
Osteoarthritis Outcome Score for
Joint replacement was 84.6 at final
follow-up.

Buddhdev
et al. [18]

60 primary THA in
patients <19 y old
(mean age: 16.7 y)

Survivorship for revision was 97%
at a mean follow-up of 9.3 years, the
mean Oxford hip score was 44, and
mean VAS was 1.5 at final follow-up.

Van de Velde
et al. [14]

24 primary THA in
patients <16
(mean age: 14.6 y)

At a mean follow-up of 3.8 y; all
patients had greatly improved
pain and function scores.

Launay et al.
[19]

17 primary THAs At a mean follow-up of 3 y; 83% of
patients had a satisfactory function,
and the mean HHS was 87.7 at the
final follow-up.

Chopat et al.
[20]

12 primary THAs
(mean age: 16 y)

At mean follow-up 6 y (minimum 2,
maximum 9 y), mean HHS was 81
and Oxford hip score was 39.5. No
revision surgery required to the last
follow-up.

HHS, Harris hip score; VAS, visual analog scale.
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shattered. The macroscopic appearance of the implant (Fig. 4a)
resembled a glass, while a detailed material analysis of the
explanted materials confirmed that it was acrylic-based but not the
Judet type [11]. However, the implants differed in visual appear-
ancedone was glassy and the other matt. Our analyses revealed no
significant difference in composition and glassy temperature. The
glassy-like implant shows higher molar mass averages, as proven
by size exclusion chromatography multiangle light scattering. 1H
NMR and high-performance liquid chromatography chromato-
grams confirmed that PMMA implants have a comparable micro-
structure and no other additives.

PMMA is a synthetic polymer of methyl methacrylate mono-
mers (inset in Fig. 6). It was discovered in the 1930s and is widely
used as a substitute for glass (due to its adequate properties, that is,
lightweight, high impact strength, and shatter resistance [13].
PMMA is an amorphous thermoplastic material because the adja-
centmethyl group (�CH3) in the polymer structure prevents it from
packing closely in ordered crystalline domains [21]. It is clear and
colorless, with very good thermal stability, a glass transition tem-
perature between 100�C to 130�C and a 1.2 g/cm3 density. PMMA is
thus an organic glass at room temperature; that is, it is below its
glass transition temperature. Commercial products based on PMMA
Figure 8. Size-exclusion chromatograms of the concave parts of the mold arthroplasties. The
detector responses, respectively, while the lines represent the molar mass as a function of elu
molar masses and dispersity of the PMMA materials from which the implants are made.
are usually mixed formulations of homopolymers and various ad-
ditives or fillers, optimized relative to the particular application of
interest. Furthermore, different manufacturing procedures, such as
injection and compression molding or cell-casting, and various
post-treatments are available. The detailed chemical analyses of the
2 acrylic polymer materials did not show structural differences
solid and dotted curves represent the refractive index detector and 90� light-scattering
tion volume. The table below shows the weight- (Mw) and number- (Mn) of the average
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between them. Therefore, the difference in their appearance is
ascribed to different processing conditions and/or thermal histories
of the samples. Nonetheless, both hips functioned well for 6 de-
cades in the human body and proved that polymer-based materials
could achieve long-lasting performance.

The presented report of prosthetic hips implanted during
childhood and lasting into old age is unique in several aspects. It
represents a world record of child prosthetic hip survivorship,
although it is not a universal hip implant survivorship record
[22]. It demonstrated that alternative materials had been
considered during the history of artificial hips. And finally, it
shows that pediatric hip arthroplasty has been present for years.
Based on the Guinness Book of Records, the longest-lasting
Vitallium hip replacement was still in place and functioning as
of 2022, but Norman Sharp, the patient, was 23 years of age
when he received his artificial hips [23], while our patient was
only 7 years of age. To our knowledge, the implant on the left
side is the world record in the survival of any implanted pediatric
hip prosthesis in history, as, on the right side, the revision was
performed 59 years after implantation, and on the left side, 61
years after implantation.

Summary

Despite good survival, even with obsolete implants, there are
still many concerns regarding indications for pediatric THA due to
technical difficulties, severe bone deformities, poor bone stock, and
a higher rate of complications than adult THA. We believe there are
solid indications for THA but only if other conservative or joint-
preserving surgeries are exhausted. Normalizing a severe hip fail-
ure in childhood with a THA can result in an uneventful teenage
period, finding a perfect basis for adulthood despite pending
problems with an eventual THA failure. Considering the optimal
implant material, the quest for the best material for artificial joints
was ever-present and is still unanswered [24].
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Figure S1. X-ray image after the implantation of THA of the right hip in June 2020.

Figure S2. X-ray images of (a) luxation of THA of the right hip in June 2020, (b) after
the first revision in June 2020, (c) after the second revision in July 2020 and (d) after
the treatment of periprosthetic fracture in July 2020.

Figure S3. The energy-dispersive X-ray spectrum of the interior of the concave part of
the cup shown in Figure 4a. The chemical composition in weight % is given in the inset
table.
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Figure S4. Differential scanning calorimetry (DSC) thermograms of the concave parts of the mould arthroplasties show comparable glass transition temperatures for both PMMA
materials from which the implants are made.

Figure S5. High-performance liquid chromatograms (HPLC) of the concave parts of the
mould arthroplasties show that the material of the 2 implants does not differ in
chemical composition.
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