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Abstract

The ReMotion total wrist is one 3rd generation implant which is current in use. Mid- to long-term outcomes regarding its survivorship revealed satisfying results.
However, this implant has a design-related issue resulting in development of painful radial-side impingement. We present two cases involving two modified
implantation techniques ((1) complete removal of scaphoid accompanied by partial cement augmentation of the radial-side fixation screw for carpal component, and
(2) positioning of both fixation screws for carpal component into the scaphoid adjacent to the capitate peg without crossing the carpometacarpal joins) which could
be able to avoid this specific complication. However, such an “off label” use in the absence of a larger number of patients and further biomechanical investigations

can only be used in single cases currently.

Abbreviations: TWA: Total wrist arthroplasty; TWE: Total wrist
fusion; OA: Osteoarthritis; SLLD: Scapholunate ligament disruption;
VAS: Visual analogue score; PRWE: Patient-rated wrist evaluation;
SLAC: Scapholunate advanced collapse

Introduction

If technically possible a total wrist arthroplasty (TWA) utilizing the
3rd generation types (ReMotion, Universal 2 / Freedom, Maestro) is the
motion-preserving alternative to total wrist fusion (TWF) for treatment
of pancarpal primary and post- or non-traumatic wrist osteoarthritis
(OA) (Figures 1A-E, Figures 2A-D), and revision TWA or conversion
to TWF are reliable options for a failed TWA [1-11].

Recent evidence suggests that the complication rate of all 3rd
generation TWAs is significantly lower than older generation types
(p=0.002, range 0.1-2.9% vs.0.2-8.1%) [12], and its complication
rate with 7% is slightly lower as well to those with 10% in patients
undergoing a TWE and TWE is associated with a higher percentage
of perioperative devicerelated complications (6 vs. 3%, p < 0.001) and
respiratory complications (0.54 vs. 0%, p < 0.05) potentially leading
to higher costs of hospitalization than TWA in 2010 [13]. Noted that
mid- to long-term outcomes of primary TWF revealed a complication
rate ranging from 33 to 60.5% associated with a required re-operation
rate ranging from 19 to 63% with a reported predominance in females
suffered from inflammatory disease, respectively [14-17]. From all 3rd
generation TWAs the Maestro was superior both in terms of longevity
and functional outcome over the other types, however, this implant was
withdrawn from the marketplace because it was no longer profitable
for the company, and now surgeons have explanation misery to their
patients [18-22].
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The non-constrained ReMotion total wrist (stryker, Kalamazoo MI,
USA) with it ball and socket design was introduced in 2002 and is one
of the 3rd generation types which is current in use. It is a radial surface
replacement, thus, the minimal bony resection allows revision TWA
or conversion to TWF without greater problems. Another advantage
is that the distal radioulnar joint (DRU]J) is not compromised allowing
an additional ulnar head replacement (UHR) [23,24]. It can be used
both in a cemented or in a non-cemented manner (Figures 2A-D) [25].
However, this type has design-related issues. We present two possible
options in order to avoid these problems.

Technical note to the implant and problems

The ReMotion implant has an ellipsoid metal (cobalt-chromium)-
on-ultrahigh density polyethylene articulation and consists of three
components: (1) the anatomically shaped radial component which
is inserted pressfit with it titanium coated stem into the distal radius
metaphysis without required bony resection at the articular surface,
(2) the carpal component with it horizontal straight design which is
inserted pressfit with it titanium coated peg into the capitate, and (3)
the intercalated polyethylene ball. The radial and carpal components
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Figure 1 (35-year old male, right severe open wrist injury). (A) Initial soft tissue situation. (B) Wound coverage with a distally pedicled radial artery flap. (C) After uneventful flap healing
planning and performing the TWF utilizing two corticocancellous iliac crest bone grafts, a 2,7 mm locking wrist spanning plate, and five headless compression screws. Due to the extended
carpal bony defects a TWA was technically not possible. (D) Unchanged uneventful bony fusion in the absence of any implant complications at the 11-year follow-up. (E) Good restoration

of forearm supination-pronation motion arc compared to the contralateral forearm

Figure 2 (71-year old female, left severe closed distal forearm injury associated with poor osteoporotic bone stock). (A) Radiographs in both planes demonstrating the initial findings,
note the highly comminution of distal radius metaphysis. (B) The fracture was primarily closed reducted by external fixation. (C) After stabilization of the closed soft tissue damages an
internal fixation of the distal ulna fracture utilizing a 3,5 mm titanium locking reconstruction plate was done 10 days after injury, and four weeks later the ReMotion total wrist was inserted
with cementation due to the poor osteoporotic bone stock. (D) At the 2-year follow-up there was an very satisfying functional outcome for the patient

are available in four sizes (extra small, small, medium, large) and the
intercalated polyethylene ball in a standard or elevated (“plus”, adding
1 mm to the standard height) manner, however, the disadvantage is
that there is no modularity among each other (Figure 3). The implant
is designed to provide 40° of flexion, 40° of extension, and 30° arc of
radial/ulnar deviation. The intercalated carpal ball can rotate 10°
relative to the carpal plate in order to minimize torque transmission
to the metal carpus component, and this feature could be able to
preserve the complex “dart thrower’s” motion of the wrist with relative
axial rotation between the intercalated segment and the carpal plate as
believed by the developer [25].
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Due to the anatomically determind higher instability in the
carpometacarpal joint IV compared to the carpometacarpal joint II, the
ulnar-side fixation screw of carpal component should only be inserted
into the hamate after removal of the lunate and triquetrum whereas the
radial-side fixation screw can be inserted into the second metacarpal
after removal only a half of the scaphoid. However, this implantation
technique utilizing a carpal component with a horizontal straight
design (ReMotion, Universal 2) requires fusions of the hamate-capitate
and the scaphoid-capitate joints in order to avoid micromotions
potentially leading to loosening of the screws [25,26]. The advantage
of the Maestro over the other types was the possibility of insertion a
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carpal component with a scaphoid augment after removal of the entire
scaphoid which did not require fusions of the surrounding intercarpal
joints [27]. Another disadvantage of the ReMotion compared to the
Maestro or Freedom is that this implant is not available with locking
screws for fixation the carpal component in order to enhance stability.

The main postoperative problem with the ReMotion as well as with
Universal 2 is worsened radial deviation that can be associated with
development of painful radial-side impingement between the distal
scaphoid and the offset of radial component, and only removal of the
entire scaphoid is able to avoid this symptomatic impingement, but
this procedure can cause an insufficient bony wrapping of the proximal
threads of the radial-side screw (Figures 4A-C) [23,28,29]. Of all third
generation types, only the Maestro achieved improvement of radial
deviation in the absence of radial-side impingement [20,30,31]. This
advantage with the Maestro was based on design-related features: (1) it
had a concave to distally curved carpal component design (i.e. tapered),
and (2) the three available sizes of intercalated carpal heads allowed
more better restoration of resection-related carpal height than the
ReMotion with it two sizes only [18-20,28].

Case presentation 1

A 39-year-old male sustained a highly comminuted fracture-
dislocation injury at his left wrist after a fall from height (Figures 5A-B),
initially treated by combined closed and open reduction and fixation
utilizing an external fixateur and two locking plates (Figure 5C). The
external fixateur was removed six weeks after injury (Figure 5D), and
the volar and dorsal locking plates six months after injury (Figure
6A). All these procedures were done in another two institutions. The
retrospective analysis of the radiographs by us revealed a concomitant
scapholunate ligament disruption (SLLD).

elevated

standard

no modularity among each other

S

Figure 4 (Correlation of painful impingement at terminal range of radial deviation
with the ReMotion [23,28]). (A) Radial-side impingement when only the proximal pole of
scaphoid was removed (arrow, standard technique). (B) Radial-side impingement despite
additional oblique resection at the distal pole of scaphoid (arrow). (C) No radial-side
impingement between the trapez and offset of radial component when the entire scaphoid
was removed. Note that only the distal threads of radial-side fixation screw are bony
wrapped by the trapezoid and second metacarpal
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Figure 5 (Case presentation 1). (A) Radiographs in both planes showing the fracture-
dislocation injury. (B) Three-dimensional computed tomography demonstrating the highly
comminution of distal radial metaphysis. (C) Radiographs in both planes after initial
treatment. Note the concomitant SLLD (arrow). (D) Radiographs in both planes after
removal of the external fixateur (arrow: SLLD)

At first presentation in our institution one year after injury the
patient reported pain with 8 in visual analogue score (VAS, 0-10
points) and a marked decreased Patient-rated wrist evaluation with
69 (PRWE, 0-100 points). Radiographically, there was advanced stage
of post-traumatic pancarpal wrist OA associated with scapholunate
advanced collapse (SLAC) (Figure 6A). Functions of the wrist and
forearm were decreased in summary of approximately 50% compared
to the uninjured right wrist (Figures 6B-C). Thus, the primarily non-
cemented ReMotion TWA was indicated by us. Noted that the patient
has lost his job as a carpenter at this time because of the incapacity to
work for one year.

TWA was done typically via the dorsal approach. The triquetrum,
lunate, and scaphoid were completely removed in order to avoid
postoperative painful radial impingement. After that, the trials size S
of the ReMotion were placed which showed correct alignment (Figure
6A). After removal of the trials, the definitive components were inserted
without cementation in standard technique but only the radial-side
fixation screw could be placed intraosseous with its distal threads into
the trapezoid and the base of the second metacarpal, and for fusion of
the hamate-capitate joint the corresponding cartilaginous surfaces were
excised (Figure 6B). Then the proximal threads of radial-side fixation
screw were wrapped with cement creating a stable cement augmented
“monobloc construct” with the capitate and trapezoid, and the hamate-
capitate joint was fusioned with impaction of cancellous bone from the
excised scaphoid (Figure 6C). At the end of surgical procedure, there
was a stable TWA at passive terminal ranges of motion in the absence
of radial-side impingement between the trapez and offset of radial
ReMotion component (Figure 6D).

At the six-month follow-up the patient was very satisfied with
his intermedium outcome. Radiographically, we observed unchanged
correctly aligned placement of the implant (Figure 8A). Pain (VAS)
and PRWE had improved to 2 and 27. We observed improvements
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Figure 6 (Case presentation 1). (A) Radiographs in both planes showing advanced stage of post-traumatic wrist OA (arrow: SLLD). (B) Clinical photographs demonstrating loss of wrist function of
approximately 50% compared to the uninjured right wrist. (C) Clinical photographs demonstrating the marked loss of forearm supination/pronation compared to the uninjured right wrist

flexion

Figure 7 (Case presentation 1). (A) Intraoperative fluoroscopy demonstrating correct alignment of the trials size S in both planes. (B) Intraoperative clinical photograph after insertion
of both definitive components showing the not bony wrapped proximal threads of radial-side fixation screw, and for fusion of the hamate-capitate joint the corresponding cartilaginous
surfaces were excised (arrow). (C) Intraoperative clinical photograph showing the cement augmented “monobloc construct” between the proximal threads of radial-side fixation screw and
the surrounding carpal bones, and the fusioned hamate-capitate joint (arrow). (D) Intraoperative fluoroscopy demonstrating the stable ReMotion TWA at passive terminal ranges of motion

(black arrow: cement augmentation, green arrow: no radial-side impingement)

of active flexion with 10° active ulnar/radial deviation with 13°/15°,
active supination/pronation with 10°/40°, and only active extension
had decreased with 10° (Figures 8B-C compared to Figures 6B-C).
Furthermore, we observed a very good circumduction of the left wrist
compared to the uninjured right wrist (video 1 - supplementary material).

Case presentation 2

A 62-year-old male suffered from left painful post-traumatic wrist
(SLAC III) and DRUJ OA and sustained primarily an UHR combined
with wrist denervation. The UHR was placed in standard technique
on the top of the distal ulnar stump (Figure 9A). Six months later, a
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TWA utilizing the ReMotion TWA (size S) became necessary because
prior denervation was unsuccessful for the patient. Intraoperatively, a
longitudinal periprosthetic fracture on the dorsal aspect of distal radius
metaphysis occurred that required insertion of the radial component
with cementation combined with internal fixation utilizing two 3,5 mm
titanium compression screws (Figure 9B). In contrast to the standard
technique, both screws for fixation the carpal component were placed
with convergence to distal into the capitate adjacent to the capitate
peg and did not cross the carpometacarpal joints, this technique
required no additional fusions of the surrounding intercarpal joints
(Figure 9C). One year after TWA we observed radiographically an
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uneventful periprosthetic fracture healing with unchanged correctly
aligned placements of both implants, impingement between the distal
scaphoid and the offset of radial component already in neutral position
which did not allow further active radial deviation by the patient, and
periprosthetic osteolysis (PPO) around the collar of UHR (Figure 9C).

At the 10-year follow-up regarding left TWA the patient reported
progressive painless swelling on the volar aspect of his wrist and
sensory deficits at his all finger tips within one year in the absence of
decrease in function. Radiographically, there were no signs of loosening
of both implants, PPO around the collar of UHR had been stabilized,
we saw firstly a new ulnar-side PPO under the offset of radial ReMotion
component subsequently leading to loosening and migration of one
titanium compression screw in volar direction (Figure 10A). Clinically,
there was a subcutaneous giant cyst at the volar-ulnar aspect of the
wrist (Figure 10B). Neurological examination revealed both carpal
tunnel and loge de Guyon syndrome. Therefore, surgical revision via a
volar approach became necessary. Intraoperatively, a giant metal debris
induced black-colored cyst starting in all flexor tendon sheaths at the
distal forearm and extending up into the palm was present which led
to entrapment both of the median and ulnar nerve. We performed a
radical debridement, decompression of both nerves with opening the

loge de Guyon, and removal of the migrated screw. Metallosis originates
around both TWA components and from the hole of the migrated
screw which was broken. Similar to the preoperative radiographs
no loosening of both TWA components could be observed, and the
intercalated polyethylene ball did not show any signs of destruction
macroscopically. Primary wound closure could be done (Figures 10C-
F). Histopathological examination revealed encapsulated benign cyst
formations containing collagen fibers and fibroblasts / fibrocytes,
myxoidal connective soft tissue changes, and metallic wear particles
out- and inside of histiocytes and macrophages (Figures 11A-B). The
wound healing was uneventful.

At the last 11-year follow-up regarding left TWA we observed a
good outcome. Radiographically, there were unchanged well aligned
implants, PPO around the collar of UHR did not show progression,
PPO around the ulnar-side offset of radial ReMotion component did
not show any clinical signs of loosening, and there were no adverse
effects regarding adjacent placements of the capitate peg and both
fixation screws into the capitate. Noted evident erosions at the distal
scaphoid adjacent to the offset of radial TWA component (Figure 124,
in comparison to Figure 9C). Neurological symptoms had resolved.
Pain in VAS and PRWE were 2 and 21. Functionally (compared to the

Figure 8 (Case presentation 1, six-month follow-up). (A) Radiographs in both planes showing unchanged correctly aligned placement of the ReMotion. (B) Clinical photographs with
active terminal ranges of motion at the left wrist. (C) Clinical photographs with active terminal ranges of supination and pronation of both forearms

Trauma Emerg Care, 2020 doi: 10.15761/TEC.1000203

Figure 9 (Case presentation 2). (A) Intraoperative clinical photograph showing the UHR inserted exactly on the top of distal ulnar stump (arrow). (B) Intraoperative clinical photograph
showing the longitudinal periprosthetic fracture on the dorsal aspect of distal radius metaphysis (arrows), insertion of the radial ReMotion component with cementation, and one of the two
compression screws (circle). (C) Radiographs in both planes one year after TWA demonstrating unchanged correctly aligned implants without any signs of loosening, PPO around the collar
of UHR (white arrows), and evident radial impingement in neutral position between the distal scaphoid after removal of its only proximal one half regarding the standard technique and the
offset of radial ReMotion component (yellow arrow)
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Figure 10 (Case presentation 2). (A) Radiographs in both planes showing both implants without any signs of loosening. PPO around the collar of UHR had been stabilized. A new PPO
was present under the offset of radial ReMotion component ulnar-side which led to loosening of one titanium compression screw accompanied by its migration in volar direction (arrow).
Noted the bony erosions at the distal scaphoid adjacent to the radial ReMotion component. (B) Clinical photograph demonstrating the subcutaneous giant cyst formation (arrow). (C) Intraoperative
clinical photograph showing the extended black colored metallosis-induced giant cyst formation after volar surgical incision. Both volar nerves were decompressed with opening the loge de Guyon.
(D) Metallosis originates from the TWA, however, both components were not loosened and the polyethylene ball did not show any signs of destruction macroscopically. Metallosis also originates
from the hole of the migrated and broken titanium screw. (E) A radical debridement involving of all flexor tendon sheaths and wrist synovia was done. (F) Primary wound closure was possible
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Figure 11 (Case presentation 2, histopathological findings, Courtesy of Dr. Peca Mihaly, Centrum for Clinical Pathology Eisenach, Germany). (A) Microscopic image showing
the fibroblasts/fibrocytes (blue arrow) and the histiocytes/macrophages (yellow arrows) inside the connective tissue of ganglion cyst, and macrophages on the surface of the ganglion cyst

membrane (pink arrow) in hematoxylin-eosin staining. (B) The two microscopic images above showing the black metallic wear particles and a calcifying deposit (blue arrow) inside the
connective tissue of ganglion cyst in hematoxylin-eosin staining. The one microscopic image below showing the blue colored histiocytes/macrophages with incorporated metallic wear

particles in ferritin staining

Figure 12 (Case presentation 2). (A) Radiographs in both planes showing do not show progressive pathological changes as compared to one year previously (Figure 10A). Note the evident
bony erosions at the distal scaphoid adjacent to the radial ReMotion component (arrow), however, the patient did not report painful impingement. (B) Clinical photographs demonstrating
the good functional outcome for the patient as described in text. (C) Supination-pronation motion arc was equal to the contralateral right forearm
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right wrist and forearm in the presence of a surgically non-treated SLAC
III currently), left active extension (50°) was with 25° better than right
(25°), left active flexion (15°) equal to right, left active ulnar deviation
(40°) with 15° better than right (25°), left active radial deviation (18°,
clinically in the absence of painful radial impingement) with 8° better
than right (10°), and left active supination/pronation with 90°/90° equal
to right (Figures 12B-C). Wrist circumduction showed an excellent
restoration (video 2 - supplementary material).

Discussion

The ReMotion total wrist was introduced in 2002, and first short- to
medium term results were encouraging [25,32-35]. Depending on the
definition for failed TWA (required implant removal vs. loosening of
carpal component without required implant removal) and the varying
number of patients were evaluated in uni- or multicentric studies, mid-
to long-term survivorship for the ReMotion is reported to be 69 to
100% [29,36-40]. However, the main problem of all third generation
TWAs is unchanged loosening of its carpal components which is
probably primarily based on progressive mechanical imbalance and
secondarily followed by pronounced polyethylene and/or metal wear
[5,22,41-43]. However, histopathological evaluation of in vivo taken
samples from patients received a ReMotion TWA revealed that these
wear particles were commonly found even in patients without any signs
of radiographical or clinical loosening [44].

Metallosis as an evident cause for loosening was mainly observed
with older TWA generation types utilizing a metal-on-metal articulation
[45]. This specific complication could be reduced significantly
since introducing the 3rd TWAs with its metal-on-polyethylene
articulations, however, it is unchanged observed in single cases due to
pronounced polyethylene wear that can result secondarily in a metal-
on-metal impingement between both metallic TWA components [46].
Impingement between a TWA component and the surrounding bones
can be a concern as well. It has been described for the Universal 2 that
led to bony erosions followed by metallosis and/or metallosis-induced
carpal tunnel syndrome, and revision surgery became inevitably
necessary [47,48]. But noted, it is also be presumed that metallosis and/
or development of metallosis-induced pseudotumor following a 3rd
generation TWA can caused by fretting at the metal interface between
the non-locking screws and its holes of carpal component [22,42,49-
51]. Interestingly with our case, despite a massive metallosis was found,
both implants were not loosened radiographically as well as clinically
(no pain), and that was confirmed intraoperatively. However, it must
be emphasized by us that removal of the ReMotion would become
necessary if such a severe metallosis should recur in future.

Painful impingement utilizing the ReMotion between the distal
scaphoid and the offset of radial component is a design-related issue
when placement was done in the standard technique, and it can only
be avoided by removal of the entire scaphoid (i.e. “off label” use)
[20,23,28,29]. However, when the entire scaphoid is removed then
the radial-side screw for fixation the carpal component cannot be
completely placed intraosseous which could negatively affect long-term
stability. Froschauer et al. [29] did not observe loosening of the radial-
side fixation screws when its proximal threads were not bony wrapped
at a mean follow-up of four years, however, loosening of all TWAs is
mostly observed eight years after its insertion [3]. Insertion of cement-
augmented screws (i.e. “implant-to-bone monobloc construct”) in
order to improve its pullout strength especially in patients with poor
bone stock has proven to be an useful and reliable concept, and it is
increasingly in use at the spine, pelvis, around the hip / knee and shoulder,

Trauma Emerg Care, 2020 doi: 10.15761/TEC.1000203

and the distal radius [52-55]. To our knowledge, our presented patient
is the first report in the literature which describes cement augmentation
of an intercarpal screw with the use of the ReMotion total wrist (i.e. “off
label” use). However, it is only one case in an “ultrashort-term” follow-
up, and further studies are needed to validate this concept.

With our second patient we presented another “off label” use of
the ReMotion total wrist, and we could not find any similar references
in the literature which described such a modified surgical technique
with a 3rd generation TWA. Placement of both screws into the capitate
directly adjacent to the capitate peg does not require additional fusion
of the hamate-capitate as well as the scaphoid-capitate joint, and offers
an option for complete intraosseous placement of the radial-side
fixation screw if the entire scaphoid is removed. Interestingly with our
case, the longstanding pressure-related erosions associated with bone
loss at the distal scaphoid led to marked improvement of primary radial
impingement. Furthermore, we observed a functional outcome which
was marked better than function in the affected opposite wrist. A newest
TWA study revealed that the center of motion for extension-flexion in
TWA is localized in the proximal third of capitate similar to a healthy
wrist, whereas the center of motion for radial-ulnar deviation in TWA
is localized in contrast to a healthy wrist at the distal tip of capitate [56].
The question is: Does placement of both screws for fixation a carpal
TWA component with convergence to distal into the capitate directly
aligned to the two centers of motion in the absence of rigid fixation
the carpal plate along the entire width of carpus and without crossing
a carpometacarpal joint improve function and decrease the risk of
loosening? However, although a long-term follow-up was presented, it
was only one patient; hence, it is not the intention by us to advocate
for general use of this modified technique. Further biomechanical
investigations comparing the standard with our described modified
technique are needed to validate this concept.

Occurrence of PPO after UHR and TWA, observed with our second
patient, is a well-known phenomenon and remains unpredictable.
Boeckstyns and Herzberg reported in 2014 about 44 patients received
a TWA with the ReMotion total wrist and evaluated at a mean follow-
up of 3.7 years, significant periprosthetic radiolucency (more than
two mm in width) were found juxta-articularly around the prosthetic
components in 36,4% at the radial component and in 15,9% at the
carpal component, whereas clinical manifestation of loosening
(defined as progressive angulation or subsidence) was present in 14%
of all cases only; and radiolucency seemed to be stabilize within three
years after surgery [57]. These observations were confirmed with the
use of the Motec type in which PPO juxta-articularly around the radial
component seemed to be stabilize within eight years after surgery
without any clinical signs of loosening [58]. This discrepancy between
the amounts of occurrence of PPO and its real clinical manifestation
of loosening is also observed in patients receiving an UHR in which
PPO around the collar of implant are observed in nearly all cases and
followed by its stabilization within three years after surgery, and that
phenomenon is discussed as a result of "stress-shielding" [59]. Hence,
PPOs in the absence of any clinical signs of loosening do not require
surgical intervention. That phenomenon is probably not new. Julius
Wolff, a german orthopaedic surgeon (11902), first described in 1892
that cortical bones primarily became atrophic in lesser loaded regions
whereas it became hyperthrophic in higher loaded regions, and resulted
secondarily in a steady-state over time ("Wolft's law") [60].

Periprosthetic fracture, observed with our second patient, can be
a concern. Occurrence has been reported in approximately 2% of all
TWAs independently of its intra- or postoperative occurrence observed
at an average of 7.9 years after TWA, and for intraoperative occurrence
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only age was found to be a risk factor [61]. Non-displaced fractures
can be treated by splinting, however, in order to achieve early stability
for movement of the wrist, cementation and/or internal fixation are the
methods of choice [62,63]. Noted that sufficiently treated intraoperative
periprosthetic fractures are not associated with fracture development
and do not appear to affect long-term implant survival [61].
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