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ABSTRACT

Professor Sir John Charnley has been rightfully hailed as a visionary innovator for conceiving, designing, and validating
the Operation of the Century—the total hip arthroplasty. His groundbreaking achievement forever changed the orthopedic
management of chronically painful and dysfunctional arthritic joints. However, the well-accepted surgical approach of
completely removing the diseased joint and replacing it with a durable and anatomically based implant never translated to the
treatment of the degenerated spine. Instead, decompression coupled with fusion evolved into the workhorse intervention. In this
commentary, the authors explore the reasons why arthrodesis has remained the mainstay over arthroplasty in the field of spine
surgery as well as discuss the potential shift in the paradigm when it comes to treating degenerative lumbar disease.
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INTRODUCTION

Instantly recognizable, the S-shaped sagittal profile
of the human spine has inspired both artistic repre-
sentation and scientific inquiry with equal historical
importance, fervor, and deference. A remarkable bio-
architectural design, the human spine is a contiguous
series of 24 individual motion segments, working in
harmony to allow the upper body to move in 3 dimen-
sions, a kinematic phenomenon unique to the axial skel-
eton."” Each spinal motion segment consists of adjacent
vertebrae and the intervening nonosseous joint ele-
ments, which include the intervertebral disc and 2 pos-
terior facet joints, to facilitate the articulation between
adjacent segments. This elegant design allows the seg-
ments to be stacked vertically, with each vertebra acting
as a component of the motion segment both superiorly
and inferiorly. The repetition of motion segments, com-
bined with the overlying muscular envelope, allows for
powerful, coordinated, and instinctual motions through-
out the vertebral column that provide the functional
flexibility and efficiency necessary for daily activities.

Paradoxically, the curved and flexible spinal column
is an adaptive anatomical feature not present at birth
where the spine is C-shaped from being in utero.’ Cer-
vical lordosis originates at 3 months, when the infant
begins consistently lifting their head, and lumbar lordo-
sis develops by 9 months, consistent with the initiation
of sitting and standing maneuvers. As infants mature

to toddlers and begin to ambulate in a bipedal fashion
with habitual orthograde posture, the spine adapts and
assumes its classic serpentine configuration of natural
kyphosis and lordosis to accommodate this transforma-
tion from crawling to walking.

Unfortunately, while upright bipedalism is a
remarkable and defining human characteristic, it has
the adverse impact of placing the body in a distinctly
unfavorable biomechanical and functional position.*
Orthograde ambulation, and transitioning from stand-
ing to sitting, produce unusually high axial compres-
sive loads that are consequential in the development and
progression of age-related arthritic degeneration of the
large synovial joints of the lower appendicular skeleton
as well as the spine.”® The degenerative effects of axial
loading are experienced particularly profoundly in the
lumbar spine, where radiographic features of osseoli-
gamentous deterioration are nearly ubiquitous among
elderly adults, the end-product of decades of compres-
sive forces acting on the vertebral column.” !

No portion of the spinal motion segment’s 3-joint
complex is spared by the age-related degenerative
spondylosis caused by repetitive axial loading.'®'*™"?
Consequently, the degenerated spine exhibits a mosaic
of pathoanatomical features, including classic syno-
vial joint osteoarthritis of the facet joints'®" coupled
with more widespread osseoligamentous deteriora-
tion.” This includes disc degeneration with neural
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impingement, ligamentum flavum hypertrophy, and
buckling, as well as osteophyte and spur formation
causing central canal, lateral recess, and/or foraminal
stenosis.”?'™* In fact, there has been a growing appreci-
ation of the biomechanical interdependence of degener-
ation across the 3-joint complex, with disc degeneration
and facet arthrosis typically occurring in tandem with
considerable pathophysiological overlap.** The optimal
treatment of the degenerated spine remains elusive, but
the solution may be to appreciate, emulate, and adopt
the surgical methods and approaches proven to be suc-
cessful in other degenerative joint conditions. These
newer treatments tend to mimic normal anatomy and
thus provide more natural motions.

THE EVOLUTION OF ARTHRODESIS TO
ARTHROPLASTY

Entire tomes have been expertly authored that detail
the extraordinary life and scientific accomplishments of
Professor Sir John Charnley, including the classic biog-
raphy John Charnley: The Man and the Hip, by William
Waugh.>>* Among all the well-deserved accolades,
there has been perhaps no higher praise for Charnley’s
revolutionary invention of total hip arthroplasty (THA)
than offered by T.G. Thomas in his poignant review of
Waugh’s book, asserting that THA “has resulted in a
glorious Indian summer for millions of arthritis suffer-
ers.”> The safety, effectiveness, and durability of the
surgery have been so uniformly accepted in the medical
community that it has been coined ‘“The Operation
of the Century”—not simply in orthopedics but in all
realms of surgery.

Prior to the advent of THA, arthrodesis was a sur-
gical option for managing severely degenerated
arthritic joints by stabilizing the joint to reduce pain,
but the functional outcomes were extremely poor. As
the largest and simplest synovial joint, with its ball-
and-socket configuration, the hip was considered as a
living laboratory for the development of an approach
that replaced a destroyed or malfunctioning joint as
opposed to fusing it.*> This approach would not only
ameliorate pain but also restore functionality. Charnley
was destined through his training and circumstances for
this ultimate challenge.

Like many great contributors to the field of orthope-
dics, Charnley was an engineer, craftsman, and inventor
at heart.”® Whereas others were initiating the pursuit of
biophysiological treatment approaches to cartilage res-
toration in arthritis, Charnley envisioned and devised the
development of a sturdy medical device that mimicked

the anatomy of the femoral and acetabular components
of the joint to serve as a total replacement implant.”
His surgical approach did not “tinker around the edges.”
The extensive operative procedure includes osteotomy
of the greater trochanter to accommodate the femoral
stem within the medullary canal and replacement of the
acetabular cup.”® These insights illustrate his extensive,
detailed knowledge of the hip and its transmission of
forces from the extremity to the pelvis and trunk. The
entire system was meant to replicate the natural ball-
and-socket configuration, and Charnley’s intuitive
facility with biomechanics brought the implant to life.

Charnley always acknowledged the importance of
serendipity—one of his favorite aphorisms was, “You
have got to be able to see where others do not appre-
ciate, the importance of fortuitous facts.”® Indeed,
when Charnley’s original experimental acetabular
component (composed of polytetrafluoroethylene
[PTFE]) exhibited significant wear debris, extreme
foreign body reaction, and an unacceptable failure rate,
an astute engineering intern, Harry Craven, serendip-
itously presented Charnley with test results of ultra-
high molecular weight polyethylene (UHMWP), which
show excellent wear resistance, low friction, and high
impact strength. Indeed, UHMWP was manyfold more
durable, and the wear characteristics were far superior
to results achieved with PTFE. Although Charnley had
initially been reluctant to evaluate UHMWP, these find-
ings convinced Charnley that the wear debris associ-
ated with PTFE, and the commensurate risk of revision,
could be obviated with UHMWP. Hence, he eagerly
adopted UHMWP for the acetabular cup and married it
with a one-piece stainless steel femoral stem and head.
Finally, to prevent loosening, polymethylmethacrylate
bone cement, which was utilized by dentists of the day,
was used to secure the femoral stem within the medul-
lary canal.”

Charnley performed the first THA surgery with
this novel, low-friction system on 22 November 1962.
From his clinical research base at Wrightington hospital
near Manchester, England, he spent the next 2 decades
refining his surgical technique to also include effec-
tive intraoperative infection control, introducing the
innovative use of laminar airflow in the operating suite
and designing specialized surgical suits that directed
airflow toward the surgeon’s feet and away from the
patient. In the end, Charnley’s legacy as the father of
THA was established, and the procedure became the
gold standard for the treatment of the severely arthritic
hip as well as for expanded indications that included
younger active patients, forming the basis of all
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derivative implant designs and future innovations in hip
arthroplasty.”%* But, perhaps even more importantly,
Charnley’s breakthrough provided the inspiration and
impetus to tackle degenerative articular disease in other
major appendicular joints.

EXPANSION OF INDICATIONS FOR
ARTHROPLASTY

Because of the success with hip replacement,
research began on total knee arthroplasty, but not
without the perseverance required over several decades
to understand the additional intricacies associated
with this large lower extremity joint complex.™ A tre-
mendously robust research, development, and clinical
adoption effort in total knee arthroplasty has yielded an
impressive 25-year implant survival rate in excess of
80%.% These results continue to improve with the use
of patient-specific implants, preoperative planning with
advanced imaging, intraoperative image guidance, and
robotics.

While the etiology and disease mechanism differ in
the shoulder and ankle joints compared with the hip and
knee, with arthritic degeneration occurring secondary
to trauma in most cases, the successful application of
arthroplasty as an effective treatment option has also
continued to improve and thrive for these conditions.*"**
In the ensuing years since Charnley’s inaugural THA
procedure in the early 1960s, total joint replacement has
become a mainstay procedure for the treatment of all
large damaged or dysfunctional synovial joints.

THE SPINAL FUSION PARADIGM

While joint replacement approaches and implants
became more refined and flourished in the treatment
of severely degenerated joints in the appendicular skel-
eton, the surgical management of age-related spinal
degeneration followed a distinctly dissimilar path.***

Due to the proximity of important neural structures
in the spine, the deterioration of the 3-joint complex of
each lumbar motion segment can produce intractable
symptoms of low back pain, radiculopathy, and/or neu-
rogenic claudication due to compression of the spinal
cord, nerve roots, and/or exiting nerves. 1345 Thus, unlike
the total joint replacement approach to the treatment of
the large arthritic synovial joints of the appendicular
skeleton, bony and ligamentous surgical decompression
of the offended neural elements has been the primary
surgical objective in the spine, first and foremost.

Unfortunately, the very act of surgically removing
bone to relieve the impinged neural elements has the

untoward consequence of disrupting the natural bio-
mechanical stability of the spinal motion segment.*®
The wider the decompression, the greater the insta-
bility.*” Although perhaps shortsighted, the logical
answer to this dilemma was to restore stability to
the affected segment.”> As early as the late 1940s,
pioneering spine surgeon Ralph Bingham Cloward
(1908-2000), who is justly credited as the inventor
of the posterior lumbar interbody fusion technique
and anterior cervical discectomy and fusion, champi-
oned the use of allograft bone to facilitate a mechan-
ically solid endplate-to-endplate arthrodesis across
the motion segment.*® While fusion initially gained
acceptance for treating scoliotic spinal deformity and
unstable fractures, the widespread clinical adoption
of decompression coupled with fusion progressively
expanded to include the surgical management of a
wide array of lumbar disorders, including degener-
ative disc disease, spinal stenosis, and spondylolis-
thesis, as well as the nebulously defined “nonspecific
chronic low back pain.”***

However, it was the introduction of metallic instrumen-
tation, particularly pedicle screws, that “sealed the deal”
for the burgeoning growth of the spine industry.”'”* The
surgeon now had the armamentarium to provide imme-
diate stabilization to the surgically decompressed motion
segment using an ever-growing variety of spinal implant
systems. Indeed, the down-classification of pedicle screws
by the US Food and Drug Administration (FDA), from
class III to class II, in the 1990s paved the way for the
unprecedented proliferation of small spinal implant com-
panies attempting to capitalize on the utilization of metal-
lic instrumentation.*>" Requiring a less onerous 510(k)
premarket notification route resulted in an abundance of
interbody cage and screw systems being approved by the
FDA.

Why did fusion take hold as an acceptable treat-
ment preference in the surgical management of the
aging spine when it was eschewed as an option in
the appendicular joints? Had not Charnley proved
that total joint arthroplasty, not arthrodesis, was the
answer to restoring pain-free function to the patient?
One of the primary reasons was that the effects of
arthrodesis on the hip joint were so noticeably and
immediately profound and wunacceptable to the
patient. This included an awkward gait and concom-
itant stress amplification on the low back and knees,
which produced a cascade of additional problems,
so much so that the procedure was essentially aban-
doned after Charnley’s success. Alternatively, in the
spine, the functional impact of fusing 1 or 2 lumbar
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motion segments was almost imperceptible in the
short term to the patients who experienced immediate
symptom relief as a result of the neural decompres-
sion procedure.

However, despite spinal arthrodesis being embed-
ded in the surgical arsenal as a viable treatment
option, the consequences of fusing a motion segment
and fundamentally altering its biomechanics began to
be appreciated over time. Because of the stress asso-
ciated with rigid fixation and fusion, a new condition,
adjacent segment disease, eme:rg.;e:d.53’54 Additionally,
the persistent concern of instrumentation failure,
implant subsidence, and pedicle screw breakage with
recurrent symptoms developed.”>™’ Most importantly
perhaps is the growing body of evidence suggesting
that instrumented spinal fusion in many cases does
not offer additional patient benefit above and beyond
that provided by decompression alone.>*>*

Figure 1.
same as it did in the time of Sir John Charnley.

The facade of Wrightington Hospital appears today very much the

THE EMERGENCE OF MOTION
PRESERVATION IN THE SPINE

Recognizing the potential shortcomings of undertak-
ing a surgical procedure that irreversibly eliminated the
natural functional flexibility of the spine, a new para-
digm was proposed by spine experts that was grounded
in the concept of motion preservation. To much fanfare
and excitement in the public media, the world was
introduced to the concept of total disc 1rep1acernent.61
The first artificial disc (Charité) was implanted in the
United States in 2000, and FDA approval followed in
2004. There was so much initial fervor surrounding the
discovery of a new surgical option that might eliminate
the need for fusion and restore natural motion, reminis-
cent of THA, that an entire society, the Spine Arthro-
plasty Society (SAS), was established in 2000 to offer a
dedicated platform and independent venue for medical
professionals devoted to this concept. The first inter-
national meeting of the SAS was convened in Munich,
Germany in 2001 with 400 attendees. The society also
launched its own journal, the SAS Journal.

But headwinds were strong. Unlike interbody cage
devices, the FDA required that artificial discs undergo
the lengthy and expensive premarket approval process.
In sharp contrast to the enormous number of cage
approvals, regulatory clearances for disc systems have
been exceedingly rare, particularly in the lumbar spine.
Most importantly, because this surgical application
focused primarily on disc pathology, its indications
for use were restricted to younger patients with sus-
pected focal degenerative disc disease. For the much
more broad, older patient population, this procedure
was contraindicated due to the presence of advanced
spinal deterioration across the entire 3-joint complex.
To add insult to injury, obtaining reimbursement for the
disc replacement procedure was onerous as third-party
payers were unconvinced by the evidence that disc
arthroplasty, or fusion for that matter, was a required
or necessary treatment option for young patients with
isolated disc disease.

In fewer than 10 years, the wind was out of the sails.
The SAS was renamed the International Society for
the Advancement of Spine Surgery in 2011, the SAS
Journal struggled (and was subsequently rebranded as
the International Journal of Spine Surgery), and the
early promise of replacing lumbar fusion with artificial
disc replacement was a distant memory.62

This unfortunate series of events stymied any further
developmental efforts aimed at motion preservation that
would address the substantial number of older patients
with advanced spinal degeneration, and fusion remained
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Figure 2. Historical timeline for the development of the total joint replacement implant. Commencing in 2004 (A), initial concept (B), removal of superior screw

(C), removal of tail and optimizing and finalizing the materials (D and E).

the mainstay.** Indeed, in their chapter “The Future of
Motion Preservation,” Hochschuler and Ohnmeiss®
give but scant mention in the subsection entitled “Com-
bined Motion-Preserving Technologies” to the possibil-
ity of total joint replacement of the spine, stating: “Just
as there became a role for combined anterior/posterior
fusion, there will likely be a role of combined anterior/
posterior dynamic stabilization. No clinical application
of combined motion retaining technologies, however,
has been found.”

TOTAL JOINT REPLACEMENT OF THE
SPINE

In January 2023, the first author (S.C.H.) visited the
Wrightington hospital to draw insight from the vast
experience of an extraordinary team, long dedicated to
promulgating the work of Charnley (Figure 1). Meeting
with orthopedic staff who had worked side-by-side
with the revered surgeon offered the unique opportunity
to caucus about the challenges associated with adapt-
ing the concept of total joint replacement to the spine.
Indeed, no other group in the world has a greater depth
and breadth of know-how in the development and clini-
cal application of arthroplasty.

However, this meeting was not purely a concep-
tual discussion. Much work on the development of
total joint replacement in the spine had already been
accomplished over the previous 20 years. Working ini-
tially with posterior interbody cages, the advantages

Figure 3. The MOTUS device (3Spine, Chattanooga, TN, USA).

of the transforaminal lumbar interbody fusion (TLIF)
approach over posterior lumbar interbody fusion with
respect to requiring less neural traction and intraopera-
tive blood loss were identified.®>®® With tutelage from
Professor Juergen Harms, further modifications were
made to the TLIF approach by including a facetectomy
over Kambin’s triangle, which allowed for a more direct
approach to the disc space. The radical idea of total
joint replacement was conceived and evolved empiri-
cally based on the advantage of a posterior approach to
lumbar pathology and the commitment to return and pre-
serve normal motion. Taking inspiration from Charnley,
this procedure did not “tinker around the edges”—the
concept was to simultaneously replace the entire 3-joint
complex of a degenerated spinal motion segment with
a sturdy implant that restored normal biomechanics and
full functionality to the joint. This requires removal of
the intervertebral disc and both facets as well as exten-
sive neural decompression and disc space preparation.
The implant, which evolved over the ensuing 2 decades,
was optimized to mimic the kinematic characteristics of
the 3-joint complex, where the disc and facets work in
harmony to provide constrained 3-dimensional motion
(Figure 2). The implant acquired the apt Latin-derived
homonym, MOTUS, meaning a movement, motion, or
an advance progress (Figure 3).

Biomechanical testing of the implant demonstrated
that it was able to mimic the physiological motion and
intradiscal pressures of the native spine during sitting,
standing, flexion, and extension.®’ Thus, total joint
replacement of the spine may allow for preservation of
lumbar segment motion, permitting the patient’s lumbar
spine to move into more lordosis during standing or rel-
ative kyphosis during sitting and thus may protect the
physiological motion cascade during these postures of
daily living.®®

Initial clinical results with this implant have been
encouraging. In a propensity-matched study compar-
ing 156 TLIF-treated patients with 52 implant-treated
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Figure 4. Intraoperative fluoroscopic image confirming final implant
placement showing the rectangular device resting on posterior superior S1
with the L5 to S1 segment in lordosis. The wedge-shaped pedicle vertebral
body osteotomy of S1 allows the device to rest in the disc space while
maintaining segmental lordosis.

patients, Sielatycki et al® reported comparative
Oswestry Disability Index responder rates for back
function of 72% and 90%, respectively. Additionally,
the FDA granted MOTUS a “Breakthrough Device
Designation.” This is a formal identification by the
FDA that a device in development should be expedited
for patient access because it has a reasonable chance of
providing more effective treatment than the standard of
care for the treatment or diagnosis of life-threatening or
irreversibly debilitating human diseases or conditions.
Figure 4 shows the total joint replacement implant in
situ.

Is this the end of the beginning? Will Charnley’s
vision be fulfilled? Will total joint replacement render
arthrodesis obsolete for the treatment of the degener-
ated spine? Indeed, we have evolved a new appreciation
of the interrelationship of arthritic degeneration across
the entire 3-joint complex, including the disc and the
facets.”** However, clinical adoption of total joint
replacement in the spine may face an uphill battle given
our decades-long devotion to the utilization of fusion
devices and instrumentation. That said, we gain con-
fidence that with Charnley’s tacit imprimatur, we can
finally roll the boulder over the top of the hill.
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