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Background Ulna head arthroplasty has become an eligible solution for injury or
disease in the distal radioulnar joint. Bone resorption beneath the prosthetic head is
often reported, but mechanism poorly understood.

Purpose The aims were to evaluate bone remodeling and radiological instability in
two conceptually different distal radioulnar joint arthroplasties: the total and the
partial ulna head replacement.

Patients and Methods We conducted a retrospective radiographic assessment of 51
ulna head arthroplasties; 26 Herbert ulna (total ulna head replacement) and 25 First
Choice (partial ulna head replacement), to analyze periprosthetic bone resorption and
radiologic instability. Intraoperative/immediate postoperative and 1-year radiographs
were reviewed by two independent assessors. The radiographic follow-up averaged 13
(10-17) months. The size of the stem in relation to the diameter of the ulna (filling
ratio) was measured on the intraoperative/immediate postoperative radiographs. Bone
resorption beneath the collar of the prothesis was measured on the 1-year radiographs
and expressed as a bone resorption index (BRI) between the length of the resorption
and the length of the implant stem. Radiological stability was measured on both the
preoperative and the 1-year lateral radiographs.

Results The total ulna head prothesis presented with more extensive bone resorption
beneath the prosthetic head than the partial ulna head prothesis at 1-year post surgery
(p <0.001). The filling ratio did not influence the 1-year bone resorption and there was
no difference regarding radiological instability between the two prosthetic designs.
Conclusion The pattern of bone adaptions after an ulna head prothesis may differ due
to design and concept of the prosthesis.
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Ulna head arthroplasty for reconstruction of painful disor-
ders of the distal radioulnar joint (DRUJ) has become in-
creasingly popular over the last two decades as an alternative
to simple ulnar head resection or the Kapandji-Sauvé proce-
dure.! The clinical reports are few and the outcome of the
various implants are mostly based on small, retrospective
case series.'"® Most series report improved function, effec-
tive pain relief and preserved forearm rotation in most
patients, and an implant survival of 90 to 100% 5 years
postoperatively.® Radiographic phenomena, such as peri-
prosthetic bone resorption and implant subluxation are
frequently being described.’

In total joint DRU]J arthroplasty, both the ulna head and
the radius fossa are replaced and the joint stability is
provided by the implant itself.'® As a contrast, in the
hemi joint DRUJ arthroplasty, or simply the ulna head
arthroplasty, only the ulnar head is replaced, partially or
totally, allowing the prosthetic head to articulate against
the non-replaced sigmoid notch.'® The joint stability in
ulna head replacements is provided by the joint surface
congruity together with the native primary
and secondary, static and dynamic stabilizers. The partial
ulna head replacement was introduced to preserve the
osseous origins of the primary static distal radioulnar
joint (DRUJ stabilizers, i.e., the radioulnar and the ulno-
carpal ligaments) and the insertion of the triangular
fibrocartilage complex.''2 The ulnar side of the distal
ulna, with its ligament insertions, thus remains, in con-
trast to the total ulna head replacement in which the
whole head is resected and replaced.13 The joint stability
in total ulna head replacements therefore depends on the
reconstructed and reinforced joint capsule, including the
remaining static secondary stabilizers like the inteross-
eous membrane with the distal oblique band, and the
dynamic secondary stabilizers like the pronator quadra-
tus and the extensor carpi ulnaris.'* For both the partial
and total head replacement concepts, the joint architec-
ture and congruity are important for both stability and
motion, both immediately after implantation and at long
term.'”

Any implant inserted into the medullary canal of a long
bone changes the distribution of load, which in turn causes
alterations in the structural properties of the bone, according
to Wolff's law.'®7 Both an increased as well as a decreased
load may lead to bone resorption.'® The phenomenon of
stress shielding after joint implantation has been widely
studied in hip and shoulder arthroplasty, but little is known
about periprosthetic bone remodeling in ulna head
arthroplasties.17-19-21

The purpose of this study was to describe and compare
early bone remodeling in two conceptually different ulna
head arthroplasties, the partial and the total ulna head
replacement. Our primary aim was to investigate signs of
bone resorption of the distal ulna within the first year
postoperatively and whether we could identify any factors
that influence bone resorption. We also aimed to evaluate
and compare signs of radiological instability between the
total and partial ulna head replacement.
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Methods

Patients

We conducted a retrospective study analyzing the early
radiographic appearance of wrists treated with a partial or
total ulna head replacement at the Department of Hand
Surgery in Malmd, and the Department of Orthopedic Sur-
gery in Lund, both at the Skane University Hospital in
Sweden. The patients were operated over a 13-year period
(January 2006 to March 2019).

Information on demographics, diagnosis, indications for
surgery, surgical technique, simultaneous surgery, and com-
plications were taken from prospective registers as well as
from the medical records. All patients were included, if aged
18 or older, treated with either a partial ulna head replace-
ment (First Choice) or a total ulna head replacement (Herbert
ulna head) for any diagnosis, and with both the
intraoperative/immediate postoperative and the 1-year
radiographs available.

In total, 60 wrists in 59 patients (28 partial ulna head and
32 total ulna head replacements) were operated during the
study period. Three patients were excluded because of
revision surgery within 6 months (=Fig. 1). Another
six patients were excluded due to missing intraoperative/
immediate postoperative or 1-year follow-up radiograms.
The final cohort, thus, consisted of 50 patients (51 wrists; 25
partial ulna head, and 26 total ulna head replacements).

Implant Designs

The First Choice Partial Ulnar Head Replacement (Integra
LifeSciences, NJ) is a non-constrained, single component,
cobalt-chrome (CoCr), partial ulna head prosthesis with a
grit blasted stem. The prosthesis is available in four head
sizes and in three stem diameters. The operations were
performed as described by Kopylov and Tigil,'! with a
press-fit technique, and without bone grafting. No stems
were cemented.

The Herbert ulna head prothesis (Martin Medizin Technik,
Tuttlingen, Germany) is a non-constrained, modular, total
ulna head prosthesis with a titanium-coated stem and a
ceramic head. The head is available in three sizes and fits any
of the nine stem sizes (three different diameters and three
different collar lengths). The operations were performed as
described by van Schoonhoven et al and Herbert et al.'>?% A
press-fit technique was used in 22 patients. In three patients
(four wrists) the stem was cemented because of poor bone
stock. No bone graft was used, and all stems were standard
(no extended collar).

One of the patients that received a Herbert ulna head
prosthesis had previously undergone the Kapandji-Sauvé
procedure, but no other patients had had previous surgery
on the DRUJ.

Radiographic Evaluation

Anteroposterior and lateral radiographs were made of the
distal radius and ulna, preoperatively, intraoperatively/im-
mediate postoperatively and after 1 year. Two senior hand
surgeons independently examined all radiographs, and all
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Fig. 1 Flowchart of included wrists. TOne patient was reoperated because of septic loosening of the implant (revision). DRUJ; distal radioulnar
joint. *One patient was reoperated because of aseptic loosening of the implant (revision) and one patient was reoperated because of undefined

pain (converted to ulnar head resection).

measurements were performed on digital radiographs (Sec-
traPACS IDS7).

The filling ratio of the prosthesis was calculated as previ-
ously described in shoulder arthroplasties.?’ The diameter of
the inner ulna cortex and the prosthesis was measured, (1)
beneath the collar, (2) at the middle, and (3) at the tip of the
prothesis, on the anteroposterior view of the intraoperative/
immediate postoperative radiographs. The filling ratio was
calculated using the diameter of the prothesis divided by the
diameter of the inner cortex (~Fig. 2A).

The bone resorption index (BRI) was calculated as de-
scribed by Herzberg.?> The cortical bone resorption proximal
to the ulnar head, was measured in millimeters (mm) both at
the ulnar and radial border, on the anteroposterior 1-year
radiographs. A ratio was calculated between the length of the
periprosthetic bone resorption and the length of the stem of
the prothesis (mm) (~Fig. 2B).

The 1-year bone resorption was further classified into
three classes according to Herzberg, minimal, average, and
maximum bone resorption.23

The presence of radiological DRUJ instability was mea-
sured on the lateral radiographs, both at the preoperative
and the 1-year follow-up radiographs as described by Kakar
et al.> Two longitudinal lines at the center of the radius and
the ulna head were drawn and the distance between the lines
measured at the level of the sigmoid notch (=~Fig. 2C). A
positive difference greater than 5 mm between the lines has
been defined as dorsal instability and a negative difference
greater than 5mm as volar instability.>

Statistics

Parametric data are shown as means and SD, and non-
parametric as medians, quartiles, or proportions as appro-
priate. The inter-rater agreement between the two indepen-
dent assessors was calculated using the intraclass correlation
coefficient for each radiological measurement. Mann-Whit-
ney U-test or Chi-square test was performed depending on
variable, to analyze the differences in patient characteristics
and to compare the two prosthetic designs regarding filling
ratio, bone resorption, BRI, and radiological stability. Stem
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Fig. 2 Schematic drawing of radiological measurements. (A) filling
ratio at the collar, mid stem, and at the tip of the prothesis at
intraoperative/immediate postoperative radiographs, (B) bone
resorption at the radial and/or ulnar border of the prothesis at the 1-
year radiographs, and (C) radiologic instability, measured on preop-
erative and 1-year radiographs.

length was tested using the Student’s t-test and preoperative
and 1-year radiological instability using the MacNemar test.
To investigate any relationship between the intraoperative/
immediate postoperative filling ratio and BRI and between
radiological instability at 1 year and BRI, we used one-way
analyses of covariance (ANCOVA), adjusting for diagnosis, sex,
and prosthetic design.

Results

Patient Characteristics

The partial ulna head prosthesis was more commonly used in
women (p=0.03) and in patients with RA (p =0.003). Con-
comitant procedures were more common in patients with
inflammatory arthritis (16 procedures) than in patients with
OA (six procedures) (p=0.007). Patient characteristics are
presented in ~Table 1.
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Table 1 Patient characteristics

All Partial ulna | Total ulna
head head

No. of patients 50 (51) 25 (25) 25 (26)
(wrists)

Men 15 (16) 4 (4) 11 (12)

Women 35 (35) 21 (21) 14 (14)
Operated side (n)

Right 30 16 14

Left 19 9 10

Bilateral 1 0 1
Age at surgery, 60 (22-80) 57 (22-72) 62 (38-80)
mean (range)
years
Follow-up length, | 13 (10--17) [ 13 (11-17) 13 (10-16)
mean (range)
months
Indications for
surgery (n)

OA 23 6 17

RA 27 19 8

PSA 1 0 1
Simultaneous
surgery

Tendon 4 0 4
reconstruction

Partial wrist 9 4 5
fusion (PWF)

Total wrist 10 8 2
fusion (TWF)

PWF and 1 0 1
tendon
reconstruction

Abbreviations: OA, osteoarthritis; PSA, psoriasis arthritis; RA, rheuma-
toid arthritis.

Non-Respondents

The nine patients that were excluded did not differ from the
included patients in terms of diagnosis (p=0.34), sex
(p=0.59), or age at surgery (p=0.6).

Radiographic Evaluation of Bone Resorption

The intraoperative/immediate postoperative filling ratio dif-
fered significantly between the partial and total ulna head
replacements, with a larger filling ratio beneath the collar in
the total and a larger filling ratio at the middle and tip of the
stem in the partial ulna head replacement (=Table 2).

In the total ulna head replacement, the median length
of the bone resorption zone immediately proximal to the
implant head at 1 year, as well as the BRI, was larger at the
radial border as compared to the partial (p <0.001)
(=Table 2). The stem length did not differ between the
total (mean 55 [SD 1.5] mm) and the partial ulna
head prothesis (mean 55 [SD 2.3] mm, p=0.9). Bone
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Table 2 Intraoperative/immediate postoperative filling ratio, 1-year bone resorption in millimeters (mm), 1-year bone resorption
index (BRI) and 1-year bone resorption classified according to Herzberg in partial ulna head and total ulna head arthroplasties

Partial ulna head Total ulna head p-Value

Filling ratio

Collar 0.65 (0.59-0.71) 0.79 (0.72-0.87) <0.001

Mid stem 0.85 (0.76-0.89) 0.54 (0.44-0.69) <0.001

Tip 0.87 (0.72-0.91) 0.41 (0.34-0.5) <0.001
Bone resorption, mm

Radial 2.6 (0.43-4.2) 6.0 (4.3-7.8) <0.001

Ulnar NA 4.3 (3.1-5.8) NA
BRI

Radial 0.05 (0.01-0.08) 0.11 (0.08-0.14) <0.001

Ulnar NA 0.07 (0.06-0.11) NA
Herzberg classification

Minimal, n (%) 19 (76) 4 (15)

Average, n (%) 4 (16) 18 (70) <0.001

Maximum, n (%) 2 (8) 4 (15)

Abbreviation: BRI, bone resorption index.

Note: Values presented as median (IQR, interquartile range) or numbers and percentages.

resorption was more pronounced in the total than in the
partial ulna head replacement at the 1-year radiographs
(=Table 2; =Fig. 3). The intraoperative/immediate post-
operative filling ratio did not affect the 1-year radial BRI,
as analyzed by one-way ANCOVA adjusted for diagnosis,
sex, and prosthesis design, filling ratio collar (p =0.36),
mid (p=0.35), and tip (p =0.38).

Fig. 3 Radiographs 1 year after ulna head replacement with bone
resorption beneath the ulnar head in (A) partial ulna head and (B) total
ulna head in two female patients with rheumatoid arthritis.

Radiographic Evaluation of Radiological Instability

In wrists that received the total ulna head replacement,
seven (27%) wrists had preoperative dorsal instability
(>5mm), and 10 wrists (39%) had evidence of dorsal insta-
bility at 1 year (p=0.72). In wrists that received the partial
ulna head replacement, four (16%) had dorsal instability at
the preoperative examination, and nine (36%) had dorsal
instability at 1 year (p =0.25).

In the total ulna head replacement group, four of the seven
patients with radiological signs of preoperative dorsal DRUJ
instability still had dorsal implant instability after 1 year,
whereas all four patients with preoperative dorsal joint
instability presented with dorsal instability 1 year after a
partial ulna head replacement. There was no difference in
preoperative DRU]J dorsal instability or 1-year implant dorsal
instability between the two prosthetic designs (~Table 3).
No relationship was found between radiological stability and
radial BRI at 1 year, by one-way ANCOVA (p =0.25) adjusted
for diagnosis, sex, and prothesis design.

Inter-rater Reliability

The inter-rater agreement between the two assessors was
good to excellent, except for bone resorption on the ulnar
side of the prothesis, for which it was moderate (~Table 4).

Complications

Intraoperative fracture of the ulna shaft (three patients with
total ulna head replacement) and the ulna styloid (two
patients with partial ulna head replacement) was recorded.
One patient with a partial ulna head replacement was
reoperated after 6 months with a capsular reinforcement
due to DRUJ instability.
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Table 3 Preoperative radiological DRUJ instability and 1-year implant instability in the partial and total ulna head arthroplasties

Partial ulna head Total ulna head p-Value

Radiological instability, median (IQR)

Preop (mm) 2.6 (1.3-3.8) 3.7 (2.0-5.6) 0.16

1y (mm) 4.0 (2.2-5.7) 4.0 (2.2-8.8) 0.42
Dorsal instability preop?

>5mm, n (%) 4 (16) 7 (27) 0.48

<5mm, n (%) 17 (68) 17 (65)
Dorsal instability 1y

>5mm, n (%) 9 (36) 10 (39) 0.86

<5mm, n (%) 16 (64) 16 (61)

Abbreviation: IQR, interquartile range.

IPreoperative data missing for four wrists with partial ulna head and two patients with total ulna head.

Table 4 Inter-rater agreement between the two blinded assessors

Assessor 1 mean (SD) Assessor 2 mean (SD) ICC 95% ClI
Filling ratio collar 0.77 (0.15) 0.72 (0.16) 0.69 0.44-0.82
Filling ratio mid 0.74 (0.16) 0.68 (0.18) 0.89 0.74-0.95
Filling ratio tip 0.70 (0.22) 0.64 (0.23) 0.88 0.77-0.94
Bone resorption, radial side (mm) 3.4(2.7) 4.3 (2.7) 0.89 0.71-0.95
Stem length (mm) 55 (2.0) 55 (1.9) 0.97 0.95-0.98
Bone resorption, ulnar side (mm) 4.4 (3.3) 4.6 (2.3) 0.54 —0.40 to 0.78
Radiological instability 1y 5.3(3.3) 4.9 (3.3) 0.89 0.80-0.94

Abbreviations: Cl, confidence; ICC, intra-class correlation; SD, standard deviation.

Discussion

Periprosthetic bone resorption and radiological instability
after ulna head replacements have been described in the
literature.>>®89 To further explore these phenomena, we
compared two different prosthetic concepts: the total and
partial ulna head replacements.

Our study has limitations. The intraoperative/immediate
postoperative radiographs were not performed in standard-
ized setting, which could have interfered with our measure-
ments. However, the inter-rater agreement of the
radiographic measurements was acceptable. We did not
use validated methods for measurements since these are
lacking. Finally, the two groups of patients that received a
total versus a partial ulna head replacement differed in sex,
underlying diagnosis, and the rate of simultaneous addition-
al procedures performed.

In the present study we found that bone resorption
beneath the ulnar collar, immediately proximal to the
replaced ulnar head, was more pronounced 1 year after
the total ulna head than after the partial ulna head replace-
ment. Similar to our study, a tendency to less bone resorption
proximal to the prosthetic ulna head was reported in the
partial compared to the total head replacements in one small
retrospective study of 28 patients (10 total and 18 partial
First Choice).?# Resorption of bone beneath the prosthetic
head in general is considered unwanted, since long-term
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implant fixation depends on the preservation of local bone
stock.’® Although the consequences in ulna head replace-
ments remain unclear, many surgeons prefer to preserve as
much bone stock as possible, considering the risk of peri-
prosthetic fracture and difficulties if implant revision would
later be necessary. Our findings raise the question as to why
bone resorption seems to be more pronounced after total
than partial ulna head replacements.

A number of patient- and implant-related factors can
influence bone remodeling, most probably acting together
as a combination of mechanisms. Some stress shielding can
be expected after successful arthroplasty since the load of the
native bone is altered. The extent of bone resorption and the
location at which it occurs, vary with the prosthetic design,
stiffness, and size.'®?" In shoulder arthroplasty, stress shield-
ing can be reduced using a short humeral stem or stemless
design, as compared with a standard stem.?’ A larger stem size
relative to the diameter of the diaphyseal bone (i.e., larger
filling ratio) also increases the risk of proximal stress shielding
in shoulder arthroplasties.?’ In hips, proximal femoral stress
shielding is more common using uncemented fixation, in
particular in distally anchored prostheses.?” In ulna head
arthroplasties, the First Choice and Herbert ulna head arthro-
plasties differ in both concept and design, giving multiple
possible explanations to our findings (=Table 5). Ulna head
arthroplasties resemble shoulder arthroplasties in the sense



Table 5 Differences in concept and design between the
Herbert ulna head and the First Choice arthroplasties

First Choice Herbert ulna head
Concept
Stability | Capsule, primary Capsule
stabilizers? and secondary
and secondary stabilizers®
stabilizers®
Modular | No Yes
Stem
Alloy Grit blasted Titanium
Shape Rounded Tapered
Collar No Yes
Head
Material | Cobalt-chrome Ceramic
Shape Anatomical Spherical

Primary stabilizers; the radioulnar and the ulnocarpal ligaments and
the insertion of the triangular fibrocartilage complex (TFCC).

bSecondary stabilizers; the interosseous membrane with the distal
oblique band, the pronator quadratus and the extensor carpi ulnaris.

that a wide stem is inserted into a long bone with a relatively
small diameter. The shape of the Hebert ulna stem is tapered,
with a larger filling ratio at the collar, whereas the First Choice
has a non-tapered stem, with a larger filling ratio at the middle
and tip of the implant compared to the Herbert ulna. We could
not demonstrate that a larger filling ratio at the collar, mid
stem, or tip of the prothesis at the time of surgery was
associated with higher risk of developing stress shielding or
bone resorption at 1 year.

Although common, bone resorption secondary to stress
shielding seems to stabilize within the first year, and most
reports on hip, shoulder, and ulna head arthroplasties found
no impact on clinical outcome or increased risk of aseptic
loosening of the implant.®13-19-21.23.26 Tyenty-three patients
were followed after a Herbert ulna prosthesis for 11 years and
no progress of bone resorption beneath the collar was found
compared to the early follow-up, indicating that the bone
remodeling process remains stable after the first year.3

If stress shielding may be less of a problem in ulna head
replacement, the DRU]J stability is important. The partial ulna
head arthroplasty was developed to preserve the native soft
tissue restraints of the DRU], in contrast to the total ulna head
arthroplasty, in which the intrinsic ligaments are sacri-
ficed."! By speculation, when resecting the stabilizing liga-
ments, the sagittal displacement between the distal ulna and
radius increases. The DRU]J capsule becomes wider, and a
larger part of the distal ulna collar will become intraarticular,
within the capsule. The ulna collar potentially becomes
exposed to fluctuating fluid pressure known to cause bone
resorption,?’ which could pose an explanation to the ob-
served resorption below the prosthetic head.

Itis also possible that a relative DRU]J instability after ulna head
replacement alters the mechanical load of the joint and that that
stress shielding beneath the collar could be reduced with a partial

Distal Radioulnar Joint Arthroplasty Brogren et al.

ulna head design, due to the more stable and physiological DRU]J
loading. We did not examine the patients in our cohort regarding
clinical DRUJ stability, but we found no difference regarding the
radiological stability between the two prosthetic designs, nor did
we find any relationship between dorsal instability and bone
resorption at 1 year in the regression analysis. However, DRU]J
stability is a dynamic phenomenon that is not assessed adequate-
ly by static radiographs. Future studies of a potential relation
between DRU]J stability and bone resorption in total and partial
ulna head prothesis designs are thus needed.

Finally, patients with RA are more prone to progressive
bone loss than patients with OA, due to the disease itself and
medication. This might be a concern after arthroplasty in
patients with RA, regardless of implant type.?®%° In our
cohort, the partial ulna head prothesis was mainly inserted
in patients with RA and since bone resorption was more
pronounced after total ulna head prothesis, this phenome-
non seemed to be more influenced by the concept and design
of the prothesis rather than by the underlying diagnosis.

Conclusion

Early stress shielding and subcapital bone resorption are com-
mon after ulna head replacements. The design and concept of
the prothesis are probably important factors for the develop-
ment of this phenomenon. Larger studies with long-term
follow-up are needed to better understand the scope of peri-
prosthetic stress shielding in the DRU]J, with special attention to
its functional implications and the risk of implant failures.
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