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Abstract

Purpose Distal radius fractures have great impact on activities of daily living of affected patients. Repeatedly, a non-anatomic
restoration of the volar tilt can be observed in a minimum of 20% in postoperative X-ray control examinations. Hence, the
question arises whether the achieved reduction is functionally acceptable, or whether a further attempt should be made to
improve the surgical outcome.

Methods The data presented here originate from a prospective analysis including three therapy studies on surgical treat-
ment options for fractures of the distal radius between 2004 and 201 1. For this study, the participants were divided into two
groups: The first group represents the cases with non-anatomical restoration of the volar tilt with — 5° to 5°. The second
group contains patients with an anatomical volar tilt between 6° and 15°.

Results A total of 624 patients were screened according to the inclusion criteria. Radiological evaluation showed consolida-
tion of all fractures. The mean volar tilt as measured in standard x-rays of the wrist was 0° and 8°, respectively. The range of
wrist motion in relation of the healthy opposite side was comparable in all directions (for example comparison group 1: Ext/
Flex 94/94%; group 2: Ext/Flex 93/93%). Functional assessment of postoperative midterm results employing the Castaing
and Gartland & Werley scores 2.3 years after surgery did not reveal significant differences between both groups.
Conclusion According to the available data, a volar tilt in the range of — 5° to 5° can be tolerated intraoperatively without
any risk of loss of function regarding the patient's manual abilities.
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Introduction Good wrist function is synonymous with the ability to

care independently for oneself in everyday life [8]. Thus, the

Fractures in older people have become a major health prob-
lem in most countries. Among these, distal radius fractures
are the most common [1-4] and their incidence is increas-
ing [5, 6]. Outcome assessment is becoming more and more
critical in evaluating the effectiveness of surgical interven-
tions [7]. Such assessments can help distinguish between
different treatment options and identify effective options,
which in turn can enhance patient care.
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functional outcome after distal radius fracture is essential
for the quality of life and the prevention of long-term dis-
ability [9, 10].

The basic treatment options are the non-operative one
and various surgical therapies. Non-operative therapy gen-
erally involves immobilisation in a plaster cast for 6 weeks.
Surgical therapies include, for example, open reduction and
internal fixation by means of a palmar and/or dorsal plate,
a plate combination, an interlocking nail, the wrist bridging
and non-bridging external fixator and k-wire transfixation in
combination with cast immobilisation.

There is still no broad consensus on the gold standard
in the treatment of distal radius fractures [11, 12]. Surgi-
cal therapy is now established for the unstable distal radius
extension fracture. Fractures with the following criteria are
considered as unstable distal radius fractures:
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e initial radial shortening of more than 5 mm,
fragmentation of at least 50% of the volar-dorsal distal
radius,

initial fragment dislocation of more than 1 cm,
intra-articular multi-fragmentary fracture,

concomitant distal ulna fracture,

pronounced osteoporosis,

initial volar tilt of more than — 20°,

metaphyseal fracture comminution zone [13].

Regardless of the implant chosen (plate variants, k-wires,
external fixator, intramedullary nail), the common goal is to
restore a good wrist function. The intraoperative benchmark
used for a good wrist function is restoration of the anatomy
[14-16]. Consequently, it is recommended to achieve a contin-
uous congruent joint surface, an ulnar variance of 0 to — 2 mm
and a radioulnar inclination of about 24° as well as a volar tilt
of 10° [17-19].

So far, it is unclear whether the requirement for restoration
of volar tilt of the meta/epiphyseal fragment is mandatory for
a favourable outcome, and this question is controversial in the
literature [20, 21]. According to Dario et al. [11] and Cai et al.
[22], the restoration of volar tilt is, along with ulnar variance,
the most crucial anatomical feature for good function. The
literature gives very different results for the achieved post-
operatively more than anatomical volar tilt. The percentage
of patients in whom an anatomical volar tilt is achieved post-
operative ranges from 0 over 4 up to 80 percent [23-25]. The
surgeon is then faced with the question whether the achieved
reduction is acceptable, or whether a further attempt should be
made to improve it. Of course, the risk of increasing instabil-
ity in the fracture due to enlargement of the existing fracture
zone and the associated loss of fracture reference must not be
neglected.

With the advances in medicine, our patients' expectations of
the treatment outcome are also increasing. Whereas in the past
freedom from pain was sufficient, nowadays patients expect
complete restoration of function [26]. However, it is not always
possible to achieve the normal anatomy. Consequently, the
question arises to what degree the original anatomy is to be
restored in order to achieve an acceptable function with regard
to a patient's high demands.

Since we excluded patients with a loss of length of the distal
radius of 2 mm, we present here, to our knowledge, the first
study that examines only the influence of a volar tilt of up to
— 5° on the functionality and pain at the wrist after up to 2
years following surgical fracture treatment.
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Materials and methods

The data presented here originate from a retrospective
analysis of patient data from previously completed stud-
ies on the surgical treatment of distal radius fractures.
Between January 2004 and August 2011, patients with
unstable distal extension radius fractures (AO type A3.2,
A3.3 and C fractures) were prospectively included in three
randomized studies on treatment alternatives. The proce-
dures used were palmar plate osteosynthesis (2.4 mm,
Synthes, USA and 2.4 mm M.O.R.E. Medical Solutions,
Rostock, Germany) following open reduction, intramedul-
lary interlocking nailing (Targon DR, Aesculap-BBraun,
Tuttlingen, Germany (c)) and a non-bridging external fixa-
tor (DePuy Synthes, Johnson&Johnson Medtech, Freiburg,
Germany) after closed fracture reduction.

The studies considered compared the surgical man-
agement of (I) open reduction and palmar plate versus
intramedullary interlocking nail [15], (I) open reduction
and palmar plate versus non-bridging external fixator [18]
and (IIT) palmar plate with the placement of one versus
two distal rows of palmar plate (unpublished data).

Patients were followed up at 8 weeks and 12 months
after surgery, respectively. Since in two of the newly evalu-
ated studies the patients were re-examined after 2 years,
these results were also taken into account. The two last
mentioned studies also include all three implants consid-
ered here.

The follow-up examinations after 8§ weeks, 12 and
24 months were mainly carried out clinically and radiolog-
ically, but only clinically or by telephone at the patient's
request. At all times in the clinical and radiological follow-
up examinations, the range of wrist joint motion was meas-
ured using a goniometer. In addition, hand strength was
determined via Jamar dynamometry and a conventional
x-ray of the operated wrist was taken in anterior—posterior
and lateral projection. Radial shortening was assessed by
measuring the distance between the ulnar border of the
distal radius and the distal articular surface of the ulna.
The evaluation of the radiological images of all three stud-
ies was performed by one physician in advanced training
and supervised by one experienced consultant trauma sur-
geon. In the radiological images, both volar tilt and radial
shortening were determined. In addition, the x-rays were
examined for osseous consolidation and eventual implant
failure. Furthermore, the scores according to Castaing [27]
and Gartland & Werley [28] were determined as well as
the existing pain conditions using the numerical visual
analog scale.

In order to minimise possible biases due to age or dif-
ferent life stresses (like wrist-straining hobbies, sports
activities or manual labour) of the wrists of the study
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participants, the assessment of the range of motion was
always compared with the uninjured opposite side. There-
fore, the data for the range of motion are given as percent-
ages which could reach a maximum of 100. Consequently,
patients with previous wrist joint injuries at the opposite
side were excluded. Patients with systemic joint diseases
and possible impairment of joint function, e.g. rheumatoid
arthritis, were also excluded.

Within this evaluation, only data with complete clinical/
radiological follow-up and a volar tilt ranging from — 5° to
15° were selected. A negative value for volar tilt here repre-
sents a remaining dorsal tilt while positive numerical values
represent a volar tilt.

For the evaluation of functionality in relation to volar tilt,
the study participants were divided into two groups. The first
group represents the non-anatomical restoration with — 5°
to 5. The first group was compared with patients with an
anatomical volar tilt between 6° and 15°.

A power analysis carried out in advance with G¥Power
resulted in a minimum number of participants of 86 per
group for a power of 0.9 with an alpha of 0.05 and an effect
size according to Cohend's of d=0.5. For a power of 0.8, 64
patients per group would be sufficient.

The descriptive data were analysed using Microsoft Excel
2019. For further statistical analysis, the data were evaluated
with SPSS version 27. After testing for normal distribution
using the Kolmogorov-Smirnova test, the groups were exam-
ined using the Mann—Whitney U test as the data were not
normally distributed. P-values below 0.05 or greater 0.95
were considered significant.

Results

A total of 624 patients from three studies were screened
according to the inclusion criteria. Complete data at the 12
months follow-up could be identified in a total of 284 study
participants (Fig. 1).

Of these 284 patients, 169 were in the group with a volar
tilt of less than 5° (group 1). Group two with study partici-
pants with a volar tilt of at least 5° included 115 patients.
With 63 and 64 years, respectively the mean age was almost
identical in both groups. The mean volar tilt was — 0.2° and
7.9°, respectively (Fig. 2). The breakdown of group charac-
teristics is shown in Table 1.

The 1-year follow-up data were examined in both
groups at an average of 13 months after surgery (range
9-19 months).

The range of motion given in percent of the intact oppo-
site side was comparable in all planes except for flexion
(group 1: extension/flexion 91/84%; group 2: extension/
flexion 92/90%). A detailed list as well as the Castaing
and Gartland & Werley scores are given in Table 2. The

radiological evaluation showed consolidation of all fractures
after this period.

The 2-year follow-up examination took place after an
average of 2.3 years after 28 months. At this follow-up, 82
patients could be examined in each patient group. The sig-
nificantly lower number of patients results from the fact that
only in two of the three studies there was a follow-up of
the patients after 2 years. The range of motion in percent
compared with the uninjured opposite side was compara-
ble in all levels (group 1: extension/flexion 94/94%; group
2: extension/flexion 93/93%). A detailed list as well as the
Castaing and Gartland & Werley scores is given in Table 3.
Again, radiological evaluation showed consolidation of all
fractures.

Discussion

The results presented here did not show any clinically rel-
evant influence of the volar tilt following surgical treatment
of distal radius fractures in the range of — 5° and 15° on
wrist function or pain. In the follow-up examination 12
months after surgery, no significant difference for pain, hand
strength and the clinical scores was detectable. The range
of motion except for flexion was also equally good in both
groups. After 2 years, the comparison of both groups yielded
no significant differences for range of motion including flex-
ion ability, pain and scores. The age and gender composition
of the patient population studied corresponded with the one
observed in epidemiological studies on distal radius frac-
tures [2, 6, 29].

The first evaluated follow-up showed good results for all
ranges of motion with a functional recovery of at least 84%
of the opposite side. The range of motion achieved after 12
months was comparable with the one reported in other pub-
lished studies [30-34]. Equally, the patients with the lower
volar tilt showed excellent results, also with respect to the
Castaing and Gartland & Werley scores.

Studies dealing with the effect of radial fractures that
have not healed in an anatomical position on function are
rare. Cai et al. [22] showed that radial height and volar tilt
are the decisive prognostic anatomical factors, but did not
give any information on the magnitude of the loss of func-
tion. Synn et al. [30] also addressed this issue and simul-
taneously examined 5 criteria. These included a volar tilt
of — 10°. They found a greater loss of grip strength and a
tendency towards a lesser range of motion in radial-ulnar-
deviation. Likewise, Kong et al. [35] compared patients
with non-acceptable anatomical restoration with patients
with acceptable ones. Again, a volar tilt of -10° was one of
the criteria. The patients with unacceptable restoration of
anatomy showed a loss in grip strength, flexion and ulnar
deviation. In the subsequent regression analysis, Kong et al.
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Fig. 1 The patient population among the three studies considered. The inclusion criteria were met by 112 patients from the first study (n=201;
56%), 90 patients from the second study (n=107; 84%) and 87 patients from the third study (n=307; 28%)

showed that flexion was particularly influenced by volar tilt.
No information was given on the exact angle of volar tilt in
the patient groups studied. The group around Dario et al.
[11] also examined patients and saw a worse function with
non-anatomical volar tilt (here outside 7°—15°) as well as
an existing ulnar shortening (here > 1.5 mm). There was no
information given on angles and the extent of functional
impairment. However, Dario et al. also saw radial length and
volar tilt as the crucial radiological parameters.

Since we excluded patients with a loss of length of the
distal radius of 2 mm and more, we present here, to the
best of our knowledge, the first research study that exam-
ines exclusively the role of the extent of volar tilt on wrist
function.

@ Springer

Consistently with the expectation that palmar flexion
would be lower with less volar tilt, it was significantly lower
at six percent after 1 year. Given that six percentage points
difference in an assumed range of motion of 60° flexion
means 3.6°, the probability that this mathematically signifi-
cant difference is also of clinical relevance is very low. This
is also reflected in the consideration of flexion in the scores
of Castain and Gartland & Werley [27, 28]. Both scores
weight a functional limitation in flexion significantly less
than in extension, ulnar deviation and also in supination.
Regardless of clinical relevance, flexion ability recovered
substantially in the following 12 months. Taking this devel-
opment into account the data show that a lower volar tilt is
not associated with a poorer range of motion in the long run.
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Fig.2 Box plot diagram of the 20
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Table 1 List of descriptive characteristics of the study for the group
of patients with volar tilt less than 5° (group 1) and greater than or
equal to 5° (group 2)

n=284 Group 1 (n=169) group 2 (n=115)
Age 64 (13) 63 (17)
Gender
Male 20 15
Female 149 100
Surgical technique
Palmar plate 126 65
Nail 36 15
External fixator 7 35
AO fracture classification
Type A 121 84
Type C 48 31

The age is given with the standard deviation in brackets

The significantly lower hand strength after 2 years in the
group with the lower volar tilt was unexpected. Both groups
showed a significant increase in strength after 2 years com-
pared with the 1-year follow-up. The group with the non-
anatomical volar tilt recovered one percent more than the
group with the anatomic tilt; without statistical significance.
Ultimately, this resulted in an improvement of about seven
percent in both groups. After 2 years, the grip strength in
group two was six percent better than in group one. To what
extent six percent are clinically important when the strength
recovery is around 90 percent of the opposite side remains
questionable. Studies on the minimum clinically important

group

Table 2 Comparison of both groups after an average of 1 year after
surgery

Group 1 Group 2 p-value

Follow-up (month) 13.6 (1.7) 13.4 (1.8) 0.3251
Grip strength 80 (23) 85 (19) 0.0640
Range of motion

Extension 91 (15) 92 (14) 0.4729

Flexion 84 (17) 90 (14) 0.0045

Pronation 99 (5) 100 (3) 0.2018

Supination 98 (7) 97 (9) 0.8913

Radial deviation 91 (16) 90 (17) 0.6502

Ulnar deviation 89 (16) 88 (16) 0.5591
Scores

Castaing 2.42.9) 1.8 (2.1) 0.1027

Gartland & Werley 2.4 (3.3) 2.0 (2.8) 0.3872
Pain

VAS (rest) 0.3 (1.2) 0.2 (1) 0.5978

VAS (motion) 1.6 (4.0) 1.1 (1.9) 0.3489
Radiographic evaluation

Volar tilt (°) -0.2(1.9) 7.9 (3.8) 0.0001

Radial shortening (mm) 0.1 (0.8) 0.3 (0.7) 0.0164

The range of motion as well as the grip strength are given as a per-
centage of the uninjured opposite side with the standard deviation in
brackets. The follow-up time given in the table is in months

difference (MCID) found a difference of 6.5 kg, which is
said to correspond to a difference of 19% [36, 37]. With
the knowledge of the MCID, the specific grip strength was
significantly decreased in the group with the lower volar
tilt, but apparently not clinically relevant. Thus, the hand
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Table 3 The comparison of both groups after an average of 2.3 years
after surgery

Group 1 Group 2 p-value

Follow-up (month) 30.1 (6.5) 29.3 (5.5) 0.7516
Grip strength 87 (13) 93 (10) 0.0087
Range of motion

Extension 94 (10) 93 (9) 0.5906

Flexion 94 (9) 93 (10) 0.6560

Pronation 99 (2) 99 (2) 0.4740

Supination 98 (6) 99 (4) 0.5642

Radial deviation 92 (13) 94 (8) 0.6509

Ulnar deviation 91 (13) 92 (11) 0.9515
Scores

Castaing 1.7 (1.9) 1.6 (1.1) 0.8326

Gartland & Werley 2.1(2.6) 1.8(24) 0.4275
Pain

VAS (rest) 0.1 (0.6) 0(0.1) 0.2169

VAS (motion) 0.9 (1.8) 0.3 (0.9) 0.0772

The range of motion as well as the grip strength are given as a per-
centage of the uninjured opposite side with the standard deviation in
brackets. The follow-up period is given in the table in months

strength of both groups was comparable and corresponded
to a very good functional result. Nevertheless, it would be
interesting to see, if there was a further recovery of function
beyond the observation period of our study.

The follow-up period of 2 years presented in this exami-
nation was significantly longer than in most other related
publications. Usually, studies on the treatment of distal
radius fractures are limited to an observation period of only
up to 12 months [38—42]. Accordingly, our follow-up time
was twice as long as in most other studies, and therefore
represent the first midterm results for the question addressed
here.

We'd like to point out that the size of both patient groups
is much larger than any other group size published so far.
Other studies found in the literature often showed group
sizes of just around 30-40 patients. With 115 and 169
patients in our two groups, group sizes were almost three
times larger than most studies. These numbers underline the
robustness of the findings [39—41].

The methods used for the follow-up examination with
measurement of hand strength and mobility correspond to
the standard. Likewise, the scores used according to Caista-
ing and Gartland & Werley had widely been used [43—48].
Similarly, the assessment of existing pain using the VAS
scale is accepted and known as a reliable measurement tool
[44, 49, 50].

In contrast to other publications, in the current evalua-
tion the range of motion was not given in degrees, but as a
percentage of the mobility of the opposite side. This offers
the advantage that comparisons across different age groups
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are possible. By definition, the injured side cannot be better
than the healthy opposite side. A value of 100 percent repre-
sents a complete restoration of functionality in the direction
of movement under consideration. Therefore, restrictions of
movement due to age and wear and tear do not form a bias.
In addition, the gender-specific difference is neutralized and
the difference due to handedness is minimized [12, 51-53].

Limitations

The data from our study were derived from three independ-
ent studies which had not been conducted specifically for
the purpose analysed here. A particular study to scrutinize
non-anatomical vs. anatomical reduction of the epiphyseal
fragment of the distal radius might be problematic in terms
of receiving a corresponding permit by the ethical commit-
tee. The same might apply, to convince the patient to partici-
pate in a study to prove that a somehow worse anatomical
fracture position is not associated with poorer wrist function.
Despite the chosen post-hoc analysis, it does represent an
advantage that the original data from the three studies came
from prospective randomized studies. Therefore, no major
bias is to be expected in the patient clientele.

In addition, the number of patients, just below 300, is
rather small to make a generally valid statement. However,
compared to the published studies [39—41], the number of
study participants in this evaluation is above average. With
a total of 284 patients, we also achieved a good statistical
power of over 0.9 for the study presented here.

The three treatment techniques used (angle-stable plate,
external fixator and interlocking nail) are not represented
in equal proportions in the groups. The patients remain
comparable because none of the procedures involved joint
fusion, even temporarily. Consequently, the operation pro-
cedure had no influence on postoperative range of motion
exercises. In addition, patients of all procedures were able
to exercise immediately postoperatively without movement
limitation while maintaining a partial load bearing for 6
weeks. Thus, all study participants experienced the same
postoperative rehabilitation procedure. The advantage of
different implants included is that the results are not lim-
ited to one implant type.

Compared to the literature [30-34], the follow-up
period of 2 years corresponds to midterm follow-up, only
but, to the best of our knowledge there are currently no
long-term evaluations available. On the other hand, the
current and previously published therapy studies do not
show longer periods, but rather shorter ones with an aver-
age of 12 months. Only with regard to a potential develop-
ment of posttraumatic osteoarthritis, no final statements
can be made due to the lack of long-term results. Here, a
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follow-up examination 10 years after surgery would cer-
tainly point the way again.

Conclusion

The available data cannot support the requirement for an
anatomical volar tilt of 10°. The results presented here
allow the conclusion that very good wrist function can
be achieved after 20 years, even taking into account that
flexion and grip strength in the non-anatomical group are
not optimal in the first year. According to the available
data, a volar tilt of up to minus 5° can be tolerated intra-
operatively without expecting any loss of wrist function.

With our data in mind, the decision whether to choose
an operative or conservative treatment, should be reas-
sessed. Conservative treatment may be a good option for
a larger group of patients than previously—without hav-
ing to reckon with movement restrictions and functional
limitations.
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