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Abbreviations
TWA: Total Wrist Arthroplasty; WRS: Wrist Reconstructive 

System; FDA: US Food and Drug Administration; PE: Polyethylene; P/
TWF: Partial/Total Wrist Fusion; WJOA: Wrist Joint OsteoArthritis; 
THA: Total Hip Arthroplasty; DRUJ: Distal RadioUlnar Joint; UHR: 
Ulnar Head Replacement; PPO: PeriProsthetic Osteolysis.

Note by the author: 75% of 104 Scientific References related to TWA 
are not older than 10 years, and 81% of them are not older than 5 years.

Case presentation
This is to inform the community of all Orthopaedic and Hand 

Surgeons around the world who are interested in Total Wrist 
Arthroplasty (TWA) about the official decision by the European and 
German Branches (Winterthur, Switzerland and Freiburg i. Breisgau, 
Germany) of the company for distribution (Zimmer Biomet Holdings 
Inc., Warsaw, Indiana/USA) for the MaestroTM Wrist Reconstructive 
System (WRS, insertion of the carpal plate with variable or fixed locking 
screws) (Figure 1A-C). Recently, the company informed the author on 
February 26., 2018 that they have definitively withdrawn the MaestroTM 

WRS from the marketplace here in Germany, and this decision will 
be extended in 2018 for all other countries worldwide if the CE 
certification is finished in these countries in 2018 as well. The company 
officially wrote that the cause for its withdrawal is that as follows: The 
MaestroTM WRS is approved only for its cemented use by the US Food 
and Drug Administration (FDA) and there are no publications in the 
literature worldwide on favorable results with its cemented use, and so, 
it cannot be guaranteed the surveillance of this implant by the company 
if it inserted in a non-cemented manner (i.e. “off-label” use).

Generally, TWA with the use of the third generation types (biaxial-
anatomical, unconstrained, ellipsoid metal-on-polyethylene (PE) 
surface articulation) is the recognized motion-preserving treatment 
option to a Partial or Total Wrist Fusion (PWF or TWF) in cases of 
rheumatic or non-rheumatic Wrist Joint Osteo Arthritis (WJOA) 
worldwide [1-13]. Wrist joint motion modulates the synergistic and 
antagonistic extrinsic / intrinsic motion at the finger joints which is 
an important prerequisite to realize all powerful functional grips of 
the hand. PWFs crossing the midcarpal or radiocarpal joints always 
result in loss of the overall wrist joint motion of approximately 50% 
[14,15]. Adams et al. demonstrated impressively in 2003 that in healthy 
subjects limited wrist joint motion inevitably leads to a significant 
worsening of their ratings in activities of daily living (perineal hygiene, 
buttoning a blouse or shirt, threading a needle, turning over the pages 
of a newspaper, opening a door with the door handle, picking up small 

objects, and so on), and Nydick et al. reported in 2013 that patients who 
received primarily a TWA for treatment of post-traumatic WJOA rated 
their functional outcome in Patient-rated wrist evaluation (PRWE) 
statistically significant better than patients who received primarily 
a TWF [16,17]. Adey et al. reported in 2005 that nearly all patients 
who received primarily a TWF would elect to have a procedure that 
could make their wrist move again if one were available, and Ekroth 
et al. reported in 2012 that their patients with failed TWAs utilizing 
older generation types would have a TWA again despite that their 
long-term results being poor and many of them being revised to 
a TWF [18,19]. It is still widely known from the literature that for 
the wrist 5° to 40° of flexion, 30° to 40° of extension, and 10°/15° of 
radial/ulnar deviation or 40° of combined radial-ulnar deviation are 
required to realize the most essential activities of daily living [20,21]. 
When patients are unsatisfied with their primarily performed motion-
restricting TWF, then a secondary conversion to a motion-preserving 
TWA with a third-generation type, also utilizing the MaestroTM WRS, 
can be an useful option to improve the patient’s disability [22,23]. 
Additionally, the MaestroTM WRS has proven to be useful as well as 
salvage procedure of a failed previously performed PWF, and in single 
cases as early treatment option for highly comminuted distal radius 
fracture in selected older and elderly patients [24,25]. Furthermore, 
recent evidence suggests that the complication rate of TWA does not 
differ statistically significant in comparison to patients undergoing a 
TWF [26,27].

Till 2014, implant survival with the third TWA generation types was 
reported to be 90 to 100% at 5 years in most series, but it declines from 
5 to 8 years [9]. These results are completely comparable with those 
after Total Shoulder / Elbow / Ankle Arthroplasties which are much 
more less debate in the literature than TWA. Recently, rheumatoid 
arthritis remains the most common indication for TWA with a relative 
portion ranging from 51 to 71%, and followed by 14% for treatment of 
post-traumatic WJOA of all TWAs performed by surgeons who have 
published their experiences with this procedure [9,26]. Two questions 
are not clearly answered currently: first, how can patients load their 
wrists with a TWA; and second, are young patients suitable receiving 
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of the MaestroTM Total Wrist are screwed onto the carpal plate over the 
capitate peg before its insertion. This new feature allows an exchange of 
the carpal heads such as required in case of instability without the need 
for revision of the entire carpal plate (Figure 1C). Noted that the FDA 
in 2009 reported 1 case of backing out of a non-locking screw of the first 
MaestroTM Total Wrist type (inserted in this case in 2005) that required a 
conversion to a TWF [50].

Dellacqua noted with the first scientific paper on the MaestroTM 

Total Wrist in 2009 that the titanium alloy radial stem should be 
inserted press-fit without the need of cementation [31]. It is still widely 
known from literature at the beginning of the 90th of the previous 
century that cementation of a titanium alloy stem in THA does not 
confer any benefits in survivorship over its insertion in a non-cemented 
manner (Figure 12) [51]. Moreover, the high elasticity of titanium 
and the excessive stresses in the mantle of the cement could lead to 
micromotion and debonding of the stem, and these micromovements 
at the cement-stem interface may be responsible for cement mantle 
breakage and generation of titanium debris inducing necrosis and 
osteolysis [51,52]. The failure risk could be higher for smaller stems due 
to their greater elasticity, and in men who are physically active, while 
titanium stems with a larger diameter may be more successful [53]. 
Furthermore, Thomas et al. noted that in THA the combination of a 
polished titanium stem (such as with the radial stems of the MaestroTM 
Total Wrist/WRS) and cement appears to facilitate crevice corrosion 
[54]. Additionally, cementation of implants can be associated with 
another disadvantages such as prolonged operation time, fat embolism, 
and venous thromboembolic disease [55-58]. In the literature, there 
are no evident scientific data with the use of all third generation TWA 
types (including the MaestroTM Total Wrist/WRS!) that support the 
necessity of cementation at time of its primary insertion (Figure 1A-
C, Figure 5A-B, Figure 11A-E), cementation is only recommended 
primarily in patients with poor bone stock (rheumatoid arthritis, 
advanced stage of osteoporosis) (Figure 2A-B, Figure 7) or in cases of 
revision TWA, and cementation does not decrease the risk of intra- 
or postoperative periprosthetic fracture [2-13,16,17,22-49,59-63]. 
Noted that for metacarpophalangeal implants it has been observed 
a higher risk of intraoperative periprosthetic fractures when using 
cementation than implants which are inserted in a non-cemented 
manner [64]. Moreover, the most important disadvantage of both 
MaestroTM types is that the PE insert is fixed to the radial body. Hence, 

a TWA [28]. In the past, TWA was almost exclusively used in older 
patients with rheumatoid arthritis because of their low-demand 
lifestyle, whereas patients with post-traumatic WJOA are typically 
young and active [22-32]. However, there is a trend in the literature 
towards the increasing expansion of the indication also for selected 
younger patients aged 31 years or younger with post-traumatic WJOA 
associated with good bone stock (including the MaestroTM WRS), and 
high claims in their activities of daily living are not always considered 
as contraindication [6,17,23,33,35-40]. One major complication with 
the use of older TWA generation types was instability or dislocation in 
up to 8% of cases [9,41]. It has been noted by Sterling Bunnel (†1957): 
“A painless stable wrist is the key to hand function” [3]. This problem 
seems to be solved with the use of the new third generation types. The 
rates of instability or dislocation for the ReMotionTM Total Wrist is 
reported to be 0,7% only (1 of 144 cases), and for the MaestroTM WRS 
0,6% only (1 of 157 cases) [9,22,31-34].

The non-locking MaestroTM Total Wrist, developed in 2002 by 
Strickland / Palmer / Graham, available in Europe since 2005 and 
first published with encouraging results by Dellacqua in 2009, is 
one of the third generation TWA that is currently in use worldwide 
[10,17,22,24,25,31-34,37,39,40,42-49]. The design of the implant has 3 
essential differences as compared to the other third generation types 
(ReMotionTM, Universal 2): first: the design resembles a Total Hip 
Arthroplasty (THA) in which a metal head articulates in a PE cup; 
second: the titanium alloy radial stem is to be inserted press-fit into 
the radial diaphysis; and third: the concave to distal shaped  carpal 
plates are available without or with various scaphoid augments that 
provides a sufficient support of the carpal plate with it titanium alloy 
capitate peg onto the base of the trapez/trapezoid bones even in 
cases when the scaphoid bone is removed that is associated with the 
advantage that bone grafting between the surrounding carpal bones is 
exclusively not required (Figure 1A-C, Figure 3). The MaestroTM WRS 
is the further development of the implant, it has 2 changes as compared 
to the MaestroTM Total Wrist: first, the carpal plate is inserted with 
fixed or variable locking screws that should reduce the shear forces 
at the implant-bone interface, and in order to avoid backing out of 
a non-locking screw (if it would be loosened) into the articulating 
components’ space potentially leading to PE wear or fracture (Figure 
1B); and second: the intercalated carpal heads are set up externally onto 
the cone of the previously inserted carpal plate whereas the carpal heads 

Figure 1. (A) Radiographs of a patient’s right wrist in both planes demonstrating correctly positioned MaestroTM WRS utilizing a carpal plate with a scaphoid augment after removal of the 
entire scaphoid bone (white arrow). The carpal plate is fixed with a variable locking titanium screw into the 2nd metacarpal bone and a fixed locking titanium screw into the hamate bone. 
Note that the polished titanium alloy radial stem is press-fit inserted (yellow arrows) that does not require cementation. (B) Clinical photographs demonstrating the MaestroTM WRS utilizing 
capal plates with (white arrow) and without (yellow arrow) scaphoid augments. Note the concave to distal shaped design of carpal plate. The undersurface is coated with a thick titanium 
spray (Macrobond). Note the green colored variable locking screw and the blue colored fixed locking screw that is the first change in comparison to the primary MaestroTM Total Wrist which 
had non-locking screws only. (C) Clinical photograph demonstrating the MaestroTM WRS after insertion of its carpal plate and radial component. Note that the intercalated carpal heads are 
set up externally onto the cone of the previously inserted carpal plate that is the second change in comparison to the primary MaestroTM Total Wrist (here the carpal heads are screwed onto 
the carpal plate over the capitate peg before its insertion that does not more allow its exchange in case of a dislocation without revision of the entire carpal plate) [40].  
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its diagnostic clarification, persistent posttraumatic/postoperative 
lymphedema and/or chronic regional pain syndrome with stiffness of 
multiple joints in the hand, distinctive substantial bone loss without a 
possibility for sufficient bony reconstruction, suspicious compliance of 

when PE wear or fracture occurs then a revision of the entire radial 
component becomes necessary. If the radial component was inserted 
with cementation therefore bony windowing of the distal radius shaft 
along the entire radial component becomes inevitable that could be 
associated with further complications. Both MaestroTM do not alter the 
Distal RadioUlnar Joint (DRUJ), hence, it can be combined with an 
Ulnar Head Replacement (UHR) (Figure 2B, Figure 4) [43-45,47].

An essential advantage of both MaestroTM types is the high degree 
of modularity that provides the combination of all components among 
themselves (Figure 3). Intraoperatively, the alignment and stability 
of implant is to be well documented by fluoroscopy especially under 
dynamic conditions as well (Figure 4, Figure 5A-B). An essential 
prerequisite in order to avoid complications such as dislocation or 
breakout of the radial component and/or carpal plate is that both 
components should be exactly aligned to the axis of the radial shaft and 
to the axis of the capitate-3rd metacarpal bones which is the central 
pillar for load transfer through the wrist (Figure 6A-B), and there is 
a consensus in the literature for all third generation TWA types that 
the carpal plates should be fixed with a first screw radialwards into the 
2nd metacarpal bone, and a second screw ulnarwards into the hamate 
bone (Figure 6C). The main complication with the use of the BIAX 
was breakout of the metacarpal peg in dorsal direction subsequently 
leading to instability of its articulation and followed by PE wear and/
or fracture [65]. Technical errors at time of insertion of the BIAX led 
to a further exacerbation of this complication rate, Takwale et al. found 
that for each degree a carpal component was failed placed in dorsal 
direction increased the risk of breakout of the tip of the metacarpal 
peg in dorsal direction in up to 17% respectively [66]. Hence, the 
success for an acceptable survivorship of a TWA also depends on every 
surgeon’s experience. Ocampos et al. reported on a their retrospective 
results with the use of the ReMotionTM Total Wrist (N=14), all 
performed by unexperienced surgeons, none of the implants were 
correctly aligned, and mostly observed with averaged 10,1° (range: 2°-
21°) for failed positioning of the capitate peg in dorsal direction [67]. 
Noted that with both MaestroTM types combinations with a thumb 
carpometacarpal total joint replacement or a Total Elbow Arthroplasty 
are possible [43,47,68]. Contraindications for a TWA including both 
MaestroTM types are persistent osteomyelitis, irreparable nerve palsies, 
insufficiency of wrist stabilizing extrinsic ligaments and/or longstanding 
posttraumatic/postoperative wrist contracture with or without 
malalignment (Figure 8A-B), concomitant suspicious intraosseous lytic 
lesions without its diagnostic clarification, wrist hyperlaxity, untreated 
extrinsic (i.e. wrist-bridging) tendon disruptions, unstable soft tissue 
with or without infection, concomitant soft tissue tumors without 

Figure 2. (A) A 84-year-old female sustained a right highly comminuted distal radius fracture that was accompanied with a pre-existing scapholunate diastasis, and treated primarily with 
a TWA (MaestroTM WRS) utilizing a carpal plate with scaphoid augment combined with an ulnar head resection. Due to the pronounced osteoporotic bone stock, the titanium alloy radial 
stem was inserted with cementation (yellow arrows). (B) A 79-year-old obese female presented with a left highly comminuted distal radius fracture with marked radial shortening that was 
treated primarily with a TWA (MaestroTM WRS) utilizing a carpal plate with scaphoid augment combined with ulnar shortening and an UHR. Note the severely destroyed articular surface 
of distal radius (white oval circle). Due to the pronounced osteoporotic bone stock, the titanium alloy radial stem was inserted with cementation (yellow arrows).

Figure 3. All components of both MaestroTM types demonstrating with the trials. Note the 
high modularity that allows the combination of all components among themselves.

Figure 4. Intraoperative fluoroscopy demonstrating well aligned trials of the MaestroTM 
WRS, stability of implant can be achieved is to be proofed utilizing the carpal heads with its 
various heights. Note that the DRUJ is not altered by the implant (green arrows).
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the patient, and both for younger and elderly patients the denervation 
of the wrist can be successful to decrease pain over a time before TWA 
(Figure 10A-B) [37, 69].  

Recently, in a single-center study with the use of the MaestroTM 
Total Wrist (published in 2015), the cumulative implant survival 
after 8 years (N=68) is reported to be 95%, and at the 5-year follow-
up radiographic loosening was present in 2% of all cases only that is 
slightly superior over the other third generation types as published in 
2014 [9,33]. Furthermore, the MaestroTM Total Wrist achieves the most 
favorable functional outcome as compared to other third-generation 
types, and it may be justified in preserving resection-related carpal 
height due to its 3 various carpal heads in combination with its design 
of ellipsoid surface articulation especially in order to avoid radial 
impingement that is mainly observed with the use of the ReMotionTM 
Total Wrist with its in contrast to both MaestroTM types straight 
design of carpal plate (Figure 1A-C, Figure 3, Figure 11A-E) [32,46,70]. 
However, none of all third generation TWAs are able to restore 
completely motion in the anatomic axes of a normal wrist including 
the “dart-throwing” motion arc from extension-radial deviation to 
flexion-ulnar deviation [71-73]. This motion arc that is performed 
in an oblique axis at the midcarpal joint is particularly prevalent in 
most occupational, recreational and avocational activities such as 
hammering, clubbing or fly fishing; whereas the so-called “reversed 
dart-throwing” motion arc from extension-ulnar deviation to flexion-
radial deviation takes place almost exclusively at the radiocarpal joint 
[15,74]. However, a recent human cadaveric study revealed that the 
“dart-throwing” motion arc can also takes place at the radiocarpal joint 
as a compensatory mechanism when a pancarpal fusion was done [75]. 
In order to obtain the “dart-throwing” motion arc, a newer approach 
in wrist arthroplasty is midcarpal hemiarthroplasty (i.e. preserving 
midcarpal motion by obtaining the proximal pole of capitate bone) 

with the use of a radial implant alone [76,77]. However, whether this 
newer approach is superior to a TWA cannot be assessed currently. 
Additionally, another approach to obtain normal wrist circumduction 
with a new TWA that has some similarities with MaestroTM Total 
Wrist is recently in proof with a human cadaveric study [78]. Noted 
that postoperative deterioration of function in patients receiving 
a TWA can also be caused by technical errors or early soft tissue 
complications such as insufficiency of the extensor retinaculum (Figure 
7) , contracture of joint mainly leading to loss of flexion and probably
caused by postoperative scarring around the required large surgical
incision of wrist’s capsule dorsally, and development of postoperative
heterotopic ossifications or distal radioulnar synostosis that is observed 
in single cases with the use of both MaestroTM types [22, 34, 45].

Figure 5. (A) Dynamic assessment of the MaestroTM WRS intraoperatively with terminal ranges of radial and ulnar deviation (fluoroscopy) showing correct aligned implant. Note that 
there are no instabilities nor impingements (white arrows). (B) Dynamic assessment of the MaestroTM WRS intraoperatively with terminal ranges of flexion and extension (fluoroscopy) 
showing correct aligned implant in the absence of instability. Note that in this case in the presence of good bone stock the titanium alloy radial stem was inserted press-fit without the need 
of cementation (white arrows).

Figure 6. (A) Intraoperative clinical photograph and fluoroscopy (MaestroTM WRS) in both planes demonstrating correct central positioning of the K-wire into the radial radial shaft before 
it’s reaming. Note that for correct positioning of the K-wire in the “free hand technique” (white arrow) the axes of radial shaft are equally located in the dorsal-radial quadrant of the articular 
surface (green circle). (B) Intraoperative fluoroscopy (MaestroTM WRS) in both planes demonstrating reaming of the capitate bone after correct central positioning of the K-wire along the 
axis of the capitate-3rd metacarpal bones. (C) Intraoperative fluoroscopy (MaestroTM WRS) demonstrating placement of the 2 K-wires for fixation of the carpal plate with the first crew into 
2nd metacarpal bone and the second screw into the hamate bone.

Figure 7. Same patient as in Figure 2A. The extensor retinaculum was primarily 
reconstructed intraoperatively, but it has disrupted 2 years after surgery again that led to 
marked bowstring of the extrinsic extensor tendons (yellow arrow), and resulted in a loss of 
active extension at the wrist of 10° as compared with the 1-year follow up [25, 48].
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Both MaestroTM types are approved for carpal hemiarthroplasty 
creating a “metal-on-cartilage/bone articulation” by the FDA. However, 
first results with a small number of patients are not encouraging. 
Gaspar et al. [34] reported in 2016 on 6 patients who were evaluated 
in mean follow-up of 35 months, and there were 1 failure, 1 instability, 
3 contractures, 2 soft tissue imbalances, 2 erosions into the opposite 
bone, and 2 cases with DRUJ diseases. Huish et al. reported in 2017 
on 11 patients who were evaluated at an average follow-up of 4 years, 
there was a high failure in 45% of cases that required in 2 patients a 
conversion to a TWA and in 3 patients a conversion in TWF, and they 
concluded that is probably based on a mismatch between the lunate 
facet of distal radius articulating with the metal head of implant [79]. 
Both MaestroTM types are not approved for radial hemiarthroplasty 
creating a “PE-on-cartilage/bone articulation” by the FDA, and the 
reported first results were disappointing, and it has been noted by 
Cooney in 2013 that care must be taken when using this implant in 
such an “off-label” manner [80]. The background of this procedure is 
similar to midcarpal hemiarthroplasty by obtaining the proximal pole 
of the capitate bone that allows midcarpal motion. Culp et al. reported 
in 2012 on 10 patients who were evaluated at mean follow-up of 19% 
months, and there was an unacceptable high complication rate mostly 
based on aseptic loosening and/or tenosynovitis (i.e. polyethylene 
disease) [81].

What are the causes for failed TWAs? It is still widely accepted 
that for older TWA types utilizing a metal-on-metal articulation that 
metal wear subsequently resulting in metallosis to the surrounding soft 
tissue, observed in nearly 100% of cases with the APH prosthesis, was 
the main cause for its failure [82]. Since introducing the newer TWA 
types utilizing a metal-on-PE articulation, metal wear appears not to be 
responsible for its failure. It is reported with the Universal 2 in up to 
16,7% only, and common initially presented as carpal tunnel syndrome, 
pisiform impingement, or pseudotumor [83-86]. With the use of the 
MaestroTM Total Wrist, only 1 publication could be found in which 
metallosis led to capsular destruction with subsequent attenuation 
of the DRUJ leading to dislocation and destruction of the extensor 
mechanism, however, there was an impingement between the TWA 
and an UHR with a metal head [87]. However, the FDA reported in 
2010 another case of metallosis with the MaestroTM Total Wrist due to 
fretting of a loosened non-locking titanium screw and the carpal plate, 
but a revision was required due to an infection and not due to implant 
issues [88]. In the literature there is a consensus with the use of the 
newer TWA types utilizing a metal-on-PE articulation that its failure 
is primarily caused by mechanical imbalance especially by the natural 
course of rheumatoid arthritis (ulnar carpal translocation, progressive 
deterioration of bone stock, muscular imbalance, ligamentous 
insufficiency, misalignment in the 3rd metacarpal-capitate bones axis 
due to angulation of the 3rd metacarpal bone in ulnar direction at 
the 3rd carpometacarpal joint potentially leading to unphysiological 
load transfer through the wrist that is observed in longstanding post-
traumatic conditions as well), and secondarily followed by PE or metal 
wear, and noted as well that was found for the ReMotionTM Total Wrist 
that there are no statistically significant differences in the amount of 
metal or PE wear particles (evaluated in histological specimens) in 
patients with or without loosening of their implants [65,66,70,89,90]. 
The natural course of rheumatoid arthritis regarding progressive 
ulnar carpal translocation especially when an ulnar head resection 
was performed is impressively described for dislocation of a TWA in 
ulnar direction, and for lunate migration onto the distal ulnar stump 
in patients who are not received a TWA [82,91,92]. Furthermore, the 
natural course of rheumatoid arthritis can also be associated with 

translocation of the wrist in volar direction that must be considered 
as contraindication for TWA as well when it leads to wrist contracture 
accompanied with a longstanding disruption of the volar extrinsic 
radioscaphocapitate ligament which is the most important stabilizer 
of the wrist (Figure 8A-B). However, younger patients receiving a 
TWA with a high mobility and functional needs may be more risky 
for occurrence of wear [86]. When a TWA should become necessary, 
correction of post-traumatic deformities at the distal radius is required 
in every instance if there are no post-traumatic contractures at the 
wrist, and pre-existent or post-traumatic WJOA is not present as well 
(Figure 9A-G). Furthermore, when elderly patients with advanced 
stage of post-traumatic WJOA are not able receiving TWA or TWF for 
private reasons, then the denervation of the wrist can be “last option” 
to improve the patient’s disability (Figure 10A-B).

What role do PeriProsthetic Osteolyses (PPO) around a TWA play 
in assessment of its clinical manifestation of loosening? Boeckstyns 
and Herzberg reported in 2014 on 44 patients received a TWA with 
the ReMotionTM Total Wrist and evaluated at a mean follow-up of 
3,7 years, significant periprosthetic radiolucency (more than 2 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 3 years after surgery [93]. 
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 8 years after surgery without any clinical signs of 
loosening [38]. 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 
3 years after surgery, and that phenomenon is discussed as a result 
of “stress-shielding” [92]. Hence, PPOs in the absence of any clinical 
signs of loosening do not require surgical intervention (Figure 11A-
E). That phenomenon is probably not new. Julius Wolff, a german 
orthopaedic surgeon (†1902), first described in 1862 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 (“Wolff’s law”) [95]. That phenomenon is 
especially observed in THA when utilizing a non-cemented titanium 
femoral stem which is press-fit inserted into the femoral diaphysis and 
followed by its sufficient osseointegration distal to the radiolucency 
(Figure 12). Hence, PPOs juxta-articularly around non-cemented 
prosthetic components of TWAs (i.e. metaphyseal PPO’s) can be probably 
discussed as well as result of sufficient osseointegration of its titanium alloy 
stems in the diaphyses distal to the metaphyseal PPOs as well.

For a failed third generation TWA there are 2 options for surgical 
treatment: revision TWA with or without bone grafting or cementation, 
and conversion to a TWF [29,60,96-100]. However, patients 
undergoing treatment with TWA must be prepared that it might end 
with TWF; therefore limited bone resection is a common feature of 
all contemporary wrist. Both MaestroTM implants have demonstrated 
uncomplicated conversion to TWF, and a recent study revealed that 
the outcome of TWF after a failed TWA is comparable to those after 
primary TWF [22,32-34,101].

Conclusion
TWA using all third generation types is an established motion-

preserving alternative to P/TWF for treatment of WJOA. Herzberg and 
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Figure 8. (A) A 73-year-old active female presented with advanced stage of rheumatoid arthritis in her right wrist. There is a marked carpal volar translocation (lines) that led to wrist 
contracture accompanied with longstandig disruption of the radioscaphocapitate ligament (red star). Independently that the patient is well pain-adopted with her rheumatoid-related drugs, 
the amount of fixed translocation of the entire carpus and the additional loss of ligamentous stabilization of the wrist are to be considered generally as contraindication for TWA. (B) Same 
patient with her left wrist equally to her right wrist.

Figure 9. (A) A 72-year-old active male sustained a left highly comminuted distal forearm fracture after a fall in his garden, note that there was no pre-existent WJOA. (B) Same patient, 
primarily surgical reduction by external fixation and pinning of the dorsally displaced extra-articular distal radius fracture, and locked plating of the distal ulna (the multiple bony fragments 
distal to the DRUJ were circularly sutured at the plate). The external fixation was removed 3 weeks after surgery, and the wrist was immobilized with a cast for another 3 weeks. (C) Same 
patient, 7 weeks after the primary injury the patient sustained a second fall-related injury associated with a left subtrochanteric femoral fracture and a re-fracture of the left distal radius 
with pronounced displacement in volar direction. (D) The left subtrochanteric femoral fracture was surgically reducted by a load-stable Friedl-nail. (E) Same patient, the left distal radius 
re-fracture was surgically treated by a correction procedure utilizing a locking distal volar radius titanium plate and a corticocancellous bone graft from the left iliac crest. Intraoperative 
dynamic fluoroscopy demonstrating a stable wrist at terminal ranges of passive extension and flexion. (F) Same patient 3 months later, radiographs demonstrating uneventful bony healing 
of the left distal radius correction procedure. (G) Same patient 6 months later, clinical photographs showing complete restoration of the active extension-flexion and supination-pronation 
motion arcs in comparison to the right unaffected wrist.

Adams noted in 2012: “The future appears positive for greater adoption 
of total wrist arthroplasty for patients who are willing to accept somewhat 
greater risks for the benefit of improved function” [5]. Both MaestroTM 
types are slightly superior in terms of modularity, survivorship at a 5 to 
8-years follow-up, and functional outcome in comparison to the other
types. Polished titanium alloy femoral stems (such as in both MaestroTM

wrist implants) have proven to be useful and reliable in THA. In
the literature, there are no evident scientific data which support the
cemented use of all third generation TWAs (including both MaestroTM

types!), and cementation is only recommended in the presence of poor 
bone stock or for revision TWA that is absolutely comparable with
THA (Figure 13). Even Dr. Strickland, one of the developers of the
MaestroTM Total Wrist in 2002 (!), and honoured as “Pioneer of Hand

Surgery” in 2010 by the International Federation of Societies for Surgery 
of the Hand (IFSSH) at its 11th International Congress in Seoul (South 
Korea), has been noted in 2007 in original as follows: “With improved 
implant designs and osseointegrated stems, surgeons can achieve bone 
ingrowth and stability that couldn’t be achieved in the past, minimizing 
the need for bone cement ... In unique circumstances, however, surgeons 
might improve the implants’ ability by filling the medullary canal with 
bone cement before inserting the implant stems ... Those indications may 
be very poor bone stock, severe osteoporosis, previous erosive processes, or 
other circumstances where the surgeon feels that the stability and long-
term performance of the components … may be improved by the use of 
supplementary bone cement ...” [102,103]. The disadvantage of both 
MaestroTM types is that the PE insert is fixed to the radial body, hence, 
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Figure 10. (A) A 72-year-old active female presented with advanced stage of right post-traumatic WJOA that allows both a TWA and a TWF. Unfortunately, she has to take care of her ill 
and bedridden husband after a stroke at home, and so, she was unable to endure the prolonged time for rehabilitation after TWA or TWF. Hence, the denervation of the wrist was indicated 
by us at last option to decrease pain in her unfortunate situation. (B) Same patient intra-operatively, the posterior and anterior interosseus nerves and the retrograde branch of the superficial 
radial were transected and ligated, and the neurovascular structures surrounding the radial artery were dissected carefully as well. Two months after surgery, the patient was happy that she 
was able to perform her activities of daily living without pain at home again.

Figure 11. (A) A 59-year-old female presented with advanced stage of WJOA accompanied with pronounced radial shortening as result of a longstanding distal radius physeal arrest and 
treated by a non-cemented TWA (ReMotionTM Total Wrist) primarily combined with a non-cemented UHR (metal head), formerly published by the author in 2014 at a 1-year follow-up [69]. 
(B) Same patient 1 year after surgery, there are no signs of PPO. Note the straight design of carpal plate of that TWA type (also at the Universal 2). (C) Same patient 2 years after surgery, 
first signs of PPO around the collar of UHR (yellow arrow). (D) Same patient 3 years after surgery, discrete progression of PPO around the collar of UHR (yellow arrow), and first signs of 
PPO at the radial component of TWA (white arrow). (E) Same patient 4 years after surgery, stabilization of PPO around the collar of UHR (yellow arrow), and progression of PPO at the 
radial component of TWA (white arrow) in the absence of any clinical signs of loosening, hence, revision surgery is not required at this time.

Figure 12. Long-term follow-up of THA at both sides in a 77-year-old active female who is very satisfied with her outcome. Non-cemented femoral titanium stems were inserted press-fit to 
the diaphyseal cortical bones (Zweymüller stems). There is a steady-state (“Wolff’s law”) between unchanged insignificant radiolucencies at the lesser loaded trochanteric regions (yellow 
arrows) whereas the titanium stems distal to the radiolucencies at the higher loaded regions are well osseointegrated with the cortical bones of diaphyses (white ovals).



Schmidt I (2018) A critical appraisal to the decision by the company Zimmer Biomet to withdraw the MaestroTM Wrist Reconstructive System from the marketplace

Trauma Emerg Care, 2018         doi: 10.15761/TEC.1000162  Volume 3(2): 8-10

Total Wrist European Multicenter Study (7 centers from France/
Denmark/Sweden, started with evaluation of performed procedures 
since 2003), Member of the Editorial Board of the “Journal of Hand 
Surgery European Volume”,  Denmark) and Ole Reigstad (MD PhD 
EBHS Fellow, Norway) for their excellent scientific support especially 
in understanding the complexity of TWA for many years. The author 
would also like to thank Prof. Dr. med. Abdul-Kader Martini (Heidelberg 
/ Germany, President of the German Society of Hand Surgery (DGH) 
in 2006 and Honorary Member of the DGH) for the jointly conducted 
anatomical courses under his scientific leadership at the Anatomical 
Institute of the Ruprecht-Karls-University Heidelberg from 2010 to 
2012 that exclusively included communication for recent indications 
of TWA and presentation of the non-cemented operation technique of 
the MaestroTM Total Wrist at human cadaveric wrists. Last but not least, 
many thanks to Dr. med. Friedbert Kretschmer (Germany, retired, first 
author of the scientific book about TWA entitled “Die Entwicklung der 
Endoprothetik des Handgelenks. Entwicklung, aktueller Stand und 
Ausblick” (Minerva, Darmstadt/Germany, 2010) for the provision to 
demonstrate his illustrated research results on indications both of non-
cemented and cemented TWAs for presentations at scientific symposia 
by the author of this article content.
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