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SUMMARY

Originally, the treatment method of choice for distal radial fractures (DRF) has been a non-operative approach with six
to eight weeks of plaster casting. The introduction of volar locking plate systems at the beginning of the 215 century has
pushed trends towards open reduction and internal fixation (ORIF). While the introduction of fixed angle locking plates to-
gether with the increasing knowledge on wrist function and related variable outcomes has led to consensus that operative
fixation in instable DRF is the treatment method of choice, there is no agreement on a postoperative care of these injuries.
The authors will discuss the available evidence for current concepts of postoperative treatment of DRFs following fixed an-
gle fixation under socioeconomical, biomechanical and burden of disease aspects. Further, relevant randomized controlled

trials are evaluated with regard to applied postoperative treatment regimes and related risks for complications.

KEY WORDS: distal radius fracture, postoperative treatment, evidence based aftercare, early mobilization, internal
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INTRODUCTION

Fractures of the distal radius (DRF) are common-
ly defined as fractures within three centimeters of the
radiocarpal joint of the radius, where the lower end of
the radius interfaces with the carpal bones (21). A recent
prospective study on the national incidence of osteopo-
rosis-associated fractures in a population of more than
200,000 inhabitants revealed DRFs as the most frequent
fracture type with an annual incidence of 197/100,000.
Remarkably, 75% of these fractures underwent opera-
tive treatment, which indicates a general trend towards
open reduction and internal fixation (ORIF) in inadequa-
tely reduced DRFs (1, 42, 72).

Originally within the domain of conservative the-
rapy, modern fracture treatment has led to concepts of
ORIF that circumvent the multiple disadvantages of
long-term immobilization. Only within the 21* cen-
tury implants that follow a fixed angle concept have
become available, particularly for the distal radius (14,
63). These proceedings in osteosynthesis systems have
brought great progress in achievable levels of stability
and have led to consensus that ORIF in instable dis-
placed DRFs is the treatment method of choice (9, 64).
Nevertheless, there has been no agreement on a post-

operative care in the context of these injuries (6, 9,
25, 59).

This review summarizes available literature for evi-
denced based treatment regimes for the postoperative
rehabilitation of DRFs in adults. Current postoperative
strategies are analyzed for outcomes as well as related
complication rates and reported with regard to socioeco-
nomical, biomechanical and burden of disease aspects.
Further, relevant randomized controlled trials were eva-
luated concerning the optimal period of immobilization
and appropriate methods of rehabilitation with corre-
sponding risks for complications.

BIOMECHANICAL ASPECTS OF WRIST IM-/
MOBILIZATION

Although the evolution in fracture treatment with fi-
xed angle locking plate (FALP) systems has generally
led to therapy regimens that allow fracture healing du-
ring the course of early mobilization, the necessity of
additional postoperative casting after internal plate fixa-
tions in DRF is still highly controversial (37, 39, 49, 50,
52,55, 62, 63).
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Table 1. Complication rates following fixed angle plate fixation. In order to detect rare complications after fixed angle plate
fixation studies that included at least 200 patients were reviewed for their distribution of complications. Most frequent
complications seem to be either tendon or nerve related problems. However bone related issues, such as secondary
dislocations are rare events according to these reports and may therefore not be circumvented by postoperative splinting.

Author / study type | Cohort size / patient | AO-fracture type Implant type DASH outcome / Total complication
demographics time point (* Quick- | rate
DASH)
Fowler et al. (18)/ n=37, mean 57y A (13%) Volar locking plate 50/2w. 5%
prospective (range 16-89y) B (5%) (Aptus Distal Radius |26/ 6 w.
C (81%) 2.5 plate) 16/12 w.
06/52w.

Aftertreatment

2 to 6 w protective orthosis used as needed. At 2. w. aggressive anti-edema, tendon gliding, and range of motion exercises. At 6. w.
progressive strengthening and resistance exercises. At 12. w. work-hardening program or discharge from therapy.

2 w. immobilization in

Karantana et al. (27) / |n=66/N/A A3 (41%) C2 (56%) | Volar locking plate *41+21/6w. 24%
prospective C3 (3%) (Distal Volar Radius | *21+17/ 12 w.

(DVR) plate) *9+12/12 mo.
Aftertreatment

either plaster splint or removable Velcro splint with subsequent standard wrist and finger range-of-motion exercises.

n=20, mean 67.6 y
(range 52 — 85 y)

Quet al. (60)/ n=19, mean 554y |B2(15%), B3 (15%), | Volar locking plate 9.3/12 mo. All fractures united
prospective (range 23-71 y) C1 (5%), C2 (36%), |(Gear drive plate) uneventfully with
C3 (26%) no secondary
displacement, and no
superficial or deep
infection.
Aftertreatment
2—4 w. immobilization with splint (not further specified).
Jakubietz et al. Volar plate group: | C1 (45%), C2 (31%), | Volar locking plate Volar plate group: | Volar plate group:
(23) / retrospective n=22,mean 67.7y |C3 (26%) (Aptus Radius Plate) | 10.5/12 mo. 41%
(range 52-92). or dorsal Pi-plate Dorsal plate group: | Dorsal plate group:
Dorsal plate group: (AO-ASIF Pi-Plate) |14.3/12 mo. 55%

Aftertreatment

2 w. cast immobilization followed by another 4 w. immobilization in removable splint accompanied by motion exercises.

/ prospective

(range 26-80)

(Hand Innovations
DVR-Anatomic plate
/ Synthes LCP T-plate
3.5 mm)

DASH 15.89 /6 mo.

Ostietal. (57)/ n=30,mean 52.0y | A3 (40%), C2 (20%), | Volar locking plates |9.9 (SD 10.4)/4.85 |25%
retrospective (SD +12.0Y) C3 (40%) (1.5-mm palmar (+0.80) y

titanium locking

plate, first generation

of locking

compression plates)
Aftertreatment
30.4+9.7 d. mean time of immobilization in a splint cast.
Siigiin et al. (68) / n=46,mean48.7y | C (100%) Volar locking plates | DASH 10.5/12 mo. |30%
retrospective (range 24- 87y) (2.3 mmor2.4mm) | (palmar group),

14.3 / 12 mo. (dorsal
group)

Aftertreatment
2 w. of immobilization in below elbow splint. End of 2. w. physiotherapy for wrist mobilization.
Kwan et al. (31)/ n=75 mean 51y C (75%) Volar locking plate 11.6£14.6 / 24 mo. 13%
prospective (range 13-82y) (2.4-mm locking

plate fixation,

Synthes) Switzerland)
Aftertreatment
No immobilization. Immediate initiation of free active mobilization of wrist joint.
McFadyen et al. (45) |n=27, median 61 A (100%) Volar locking plates | DASH 18.26 /3 mo., | No specific

complications within
time limits of study.

Aftertreatment
6 w. immobilization in

below-elbow cast.
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Early mobilization and related risk for fracture
displacement

Instable fractures are defined as fracture patterns that
show secondary displacement despite reduction into an
anatomic alignment (51). In 1989 Lafontaine et al. (33)
defined initial dorsal angulation > 20°, dorsal comminu-
tion, intra-articular fracture type, associated ulna fractu-
re and patient age > 60 years as five principal factors
that indicate fracture instability in radius fractures du-
ring the course of cast immobilization. More recent data
indicates, that increasing patient age might be the most
significant factor for secondary fracture displacement (8,
51, 69), whereas the influence of external splinting de-
vices on the prevention of fracture collapse in unstable
reductions has been increasingly questioned (3, 13). Ne-
sbitt et al. (51) observed an increase for the probability
of redisplacement of 50% after 4 weeks of an initially
acceptable closed reduction in patients above the age of
58 years. Rigid internal fixations system such as FALPs
with their ability to provide angular and axial stability
minimize the risk for loss of reduction and hence revolu-
tionized operative fracture treatment (15). Forces across
the wrist joint reach estimated loads of 100 N for active
wrist motion and up to 250 N for active finger motion.
Modern locking plate implants for DRF surgery presen-
ted yield points that are five times greater than those es-
timated for active finger motion (54, 56), hence current
FALP systems are more than capable of withstanding
physiologic loads comparable to that of an intact radius
(35, 36, 44, 74). Accordingly, secondary dislocation due

Fig. 1. A.p. and corresponding side views of x-ray images de-
monstrating AO type C3 DRF's in this bimodal age cohort. a)
Postoperative result following volar locking plate fixation in
a male patient, 21 years of age who suffered an AO type C3
DRF on the left side as a work related injury. b) Postopera-
tive result following volar locking plate fixation in a female
patient with osteoporotic bone structure, 76 years of age who
suffered an AO type C3 DRF on the left side after a slip and

fall accident. c) Same patient 4 weeks postoperatively showing

secondary loss of reduction in the ulnar column, despite conti-
nuous immobilization in a circumferential below elbow splint.
Patient age above 58 years has been identified as the most
significant factor for secondary fracture displacement.

to implant failure seems to be an unlikely event in con-
temporary DRF surgery (54, 56).

Prolonged immobilization and related risk of
joint stiffness and overall outcome

On the other hand, prolonged immobilization of the
wrist is likely to delay the early phase of rehabilitation
(10), whereas the first two months of recovery presen-
ted to be significant for the overall patient outcome (41).
Further, joint rest is widely recognized as a principal
risk factor in the development of posttraumatic motion
loss (48). Immobilization of uninjured connective tissue
leads to biochemical, biomechanical, and physiologic
changes within seven days. These local tissue disarran-
gements are exacerbated in the presence of trauma or
edema, and may create permanent damage if not addre-
ssed swiftly and properly (10, 20, 40). The presence of
trauma seems to alter the physiological equilibrium be-
tween matrix synthesis and tissue remodeling and hence
triggers a fibrogenic process with consecutive changes
in connective tissue healing, becoming clinically evident
as joint capsule contractures (48). In fact regaining the
status quo of the physical capability and performance of
the previously immobilized wrist is not only frustrating
for patients, but frequently illusive, especially in the
elderly (10, 20, 40). The potential for rehabilitation of
deleterious causes of prolonged rest in musculoskele-
tal tissues presented to decline with increasing age (5,
4). In contrast, early resumption of motion has shown
to maintain physiologic viscoelasticity and homeostasis
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of connective tissue (10). Further early movement and
loading 1-3 weeks after injury appears to promote bone
healing significantly at least in long bone fracture sites
(29).

Available Evidence suggests that early, controlled
motion is vital to circumvent undesirable changes asso-
ciated with immobilization and in order to maintain nor-
mal homeostasis and viscoelasticity of connective tissue
(10). Mobilization within a certain time window of 1-3
weeks might be a key for the efficient rehabilitation of
DREFs.

SOCIOECONOMICAL AND BURDEN OF
DISEASE ASPECTS IN DISTAL RADIUS
FRACTURE REHABILITATION

Socioeconomical aspects in DRF rehabilitation

The burden of DRFs together with its endemic inci-
dence is reflected by the socioeconomic aspects of this
disease and its treatment related expense. Interestingly
DRFs — in contrast to most fracture types — occur with
a bimodal distribution of prevalence, disproportionate-
ly affecting young adults as well as elderly patients in
their professional life, leisure activities and activities
of daily living (Fig 1a-b) (53). The peak incidence for
male patients occurs at an age of 15-24 years, where-
as the incidence for females concentrates at an age of
65—74 years (73). In fact more than 50% of the patients
with DRFs are employed at the time when they suffer
this fracture type, and they are subsequently unable to
work from 67 days up to 20 weeks following the event
of injury (26, 71).

The relationship of socioeconomic impact and after-
care treatment modalities in DRFs was markedly de-
monstrated by a trial of the German Employers’ Liabi-
lity Insurance Association in 2005. In this prospective
study, a modified aftercare regimen reduced the days
of inability to work by more than 40% (55.37 days vs.
92.38 days) in intraarticular DRFs, which resulted in
a reduction of costs of more than 60% per case (992.40
Euros vs. 2602.20 Euros) (38). This data emphasizes the
strong influence of aftercare modalities on the overall
expenses in these injuries. More structured rehabilitation
of DRFs may not only facilitate more rapid return into
patients’ daily routine, but as well reduce the duration of
sick leave and laborer compensation, and is thus of great
social and economic interest.

Burden of disease aspects in DRF
rehabilitation

Substantial pain and the accompanying limited range
of motion in the initial period of wrist fractures are wi-
thin the nature of most acute injuries. However, whereas
this acute phase can be compensated more easily in the
lower extremity by the use of walking aids, about one
third of patients suffering DRFs complain of an inability
to perform basic activities of daily living for as long as
5 weeks following removal of wrist casts (11). Besides
this handicap in the early stage of rehabilitation, chronic
loss of function has as well been reported for DRFs (28).
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The undesirable dilemma of an impaired wrist following
fracture has been demonstrated by Greendale et al. (19).
This group examined more than 1000 elderly women
for late effects after a mean time of 6.7 years following
DREF events and found that these patients still experience
functional disability during common activities such as
holding onto hand rails while ascending or descending
a stairway (19). With fractures accounting for the majo-
rity of trauma in developing nations, evidence based re-
habilitation methods are desperately needed to optimize
patient outcomes (17).

COMPLICATIONS FOLLOWING FIXED ANGLE
LOCKING PLATE FIXATION IN DISTAL
RADIUS FRACTURE

Besides the main objective of rapid rehabilitation, af-
tercare regimens should prevent possible complications
during the healing process. To assess common compli-
cations following ORIF with FALP implants, available
literature was analyzed for the most frequently reported
events. Retrospective trials with large patient numbers
allow the detection of rare complications and there-
fore provide a more comprehensive embodiment for
this particular purpose. Interestingly, tendon and ner-
ve related issues appear to be the most common type
of complication following ORIF, whereas bone related
problems are rare (Table 1). Secondary loss of reduc-
tion is mostly observed in elderly patients with low
bone quality (33, 51), whether this complications can
reliably be prevented by immobilization is debatable
(Fig 1b-d). Esenwein et al. (16) reported a secondary
dislocation rate as low as 1.4% in more than 650 pati-
ents that were immobilized for 2 weeks postoperative-
ly. Other studies with more progressive postoperative
regimens reported even lower secondary dislocation
rates (34). Still, conclusions regarding the influence of
immobilization cannot be drawn as the presented trials
are without randomization and without control groups.
Further, the impact of aftertreatment on the complicati-
on rate was outside the scope of these studies. Indeed,
with respect to available evidence it is questionable if
more conservative strategies with long-term postope-
rative immobilization relevantly reduce complications
encountered after ORIF with FALPs.

CURRENT TRENDS IN OPEN REDUCTION AND
INTERNAL FIXATION AFTERCARE

Although adequate fragment reduction and stable fi-
xation are integral components of DRF therapy, post-
operative rehabilitation plays a major role in functional
restoration (65). Clearly, postoperative rehabilitation is
essential to prevent short and long-term impairment of
the injured wrist (11, 22). Although there is wide con-
sensus that internal fixation with FALPs requires less
immobilization time and hence allows more rapid re-
turn to routine activities, the review of various studies
on internal fixations suggests that the aftercare regimens
substantially differ in their immobilization policies, be-
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Table 2. An overview of recent studies with various corresponding postoperative strategies that reported on outcomes following
fixed angle plate fixation in DRFs. Only few studies analyzed early outcomes, such as DASH-scores after 6 weeks. Despite
comparable implants, aftertreatment regimes include immobilization policies far different from each other, ranging from
immediate wrist motion over orthosis used as needed to six weeks of immobilization. Further, postoperative treatment does not
seem to correlate with fracture type or patient demographics. Nonetheless direct comparison is impossible, due to variability in
follow up periods, frequency of fracture types and differences in patient demographics.

Author Cohort size Type of Total Tendon | Nerve C.R.PS. | Sec. Malunion | Other
/ patient fractures |complication dislocation |/ delyaed
demographics rate healing

Esenwein et | n=665, mean | A (24%) 11.3% - 3% 1.4% 1.4% - -

al. (16) 58 y (range 13 | B (6%)

-96) C (70%)

Aftertreatment

2 w. immobilization in palmar splint, followed by additional 4 w. immobilization in protective removable splint.

Soong et al. [n=594, mean |A(26%), [4.0% - 0.17% - 1.2% 0.34% 1.3% (intra-
(66) 52y (16-92) B (21%), (CTS) articular
C (53%) screw), 0.7%
(symptomatic
hardware),
0.34% (infection)
Aftertreatment
Not specified.
Johnsonet |n=204, mean |A(33%) 9.7% 3.4% - 2% - - 1.9% re-
al. (24) 55y (range B/C (67%) operation for
16-94) metalwork
problems,
1,5% fracture
reductions
problems
Aftertreatment
2 w. immobilization in plaster of Paris backslab with subsequent mobilization unless additional injury or concern regarding stability.
Lattmann n=245, 62y A (42%) 15% 3.7% 2.0% 3.7% 0.82% 0.4% 0.4% (infection)
et al. (range 18-96) |[B (5%) (CTS), (refracture) | 0.82% (wrist
(34) C (54%) 2.4% pain)
(median
nerve
irritation)
Aftertreatment

Postoperatively immobilization in dorsal forearm splint. 1. d hand therapy, including active finger mobilization, hand and wrist edema
therapy. Depending on fracture pattern and bone quality, immediate active wrist (n = 125, 51%) or after cast removal (n = 120, 49%; mean
immobilization time, 12 + 4 [6-42] d.). 6 w. strengthening exercises and weight bearing were started.

sides precise postoperative practice patterns are not even
mentioned in most reports (Table 2).

Postoperative occupational therapy policies
and related outcomes

In general most authors report that patients were re-
ferred to formal occupational therapy following surgery.
Unfortunately, very few studies exist that compare the
influence on outcomes in DRF's of different occupational
practice patterns. Among trials that focus on occupatio-
nal therapy, the majority analyze injuries of the pre-loc-
king plate era. Souer et al. (67) investigated the effect of
formal occupational therapy versus independent exerci-
sing with instructions on the recovery of DRFs following
ORIF and volar plate fixation. Despite a trend towards
favoring the independent exercise group, there was no
significant difference in DASH scores at any time po-
int. A comparable trial by Krischak et al. (30) concluded
that, based on PRWE outcomes, instructions in a home
exercise program using a booklet with guidance is a va-
lid alternative to prescribed physical therapy. This data
is encouraging, especially for patients who have limited

access to physiotherapy due to living in remote residen-
tial areas or lack of transportation. Considering that age
is a significant predictor for functional outcome after
DREF surgery (8), the wide range of age in DRF patients
make general recommendations somewhat problematic.

Postoperative immobilization time and related
outcomes

Studies focusing on immobilization times in con-
servative treatment of DRFs suggest that shorter immo-
bilization causes improved short term recovery without
increased risk of secondary fracture displacement (7, 43,
47,70). In contrast the current guideline of the American
Academy of Orthopaedic Surgeons (AAOS) suggests
that patients do not routinely need to begin early wrist
motion following stable fracture fixation (37). Other
guidelines stay more vague and just recommend immo-
bilization depending on the method of osteosynthesis
and achieved level of stability (61).

One single randomized controlled study was identi-
fied that compared wrist mobilization within two weeks
vs. six weeks following volar locking plate plate fixation



ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE CECHOSL., 82, 2015

38/

in DRFs (39). The authors concluded that wrist immo-
bilization for six weeks did not lead to decreased wrist
motion when compared to initiation of wrist motion
within two weeks after surgery. Careful reading of this
study revealed some limitations in the significance of
this experiment. The authors chose range of motion af-
ter three months as a primary endpoint and hence based
their sample size calculation on this parameter. Range
of motion does not correlate with DASH-score, which
is the best validated outcome scoring system for wrist
function (2, 32). However, while DASH-score outcomes
were selected as a secondary endpoint, the small samp-
le sizes of this study might not allow reliable detection
of significant differences in DASH-scores. The study
may therefore be considered as underpowered for the
secondary endpoint of wrist function as reflected by the
DASH-scores. Further, the endpoint was set on wrist
motion after three months. Accordingly, the early phase
of rehabilitation, known to be most important for rapid
return into the daily routine, was not detected by this
study design. Additionally, aspects such as cost-utility
analysis and return to work, which are major issues re-
garding the increasing expenses in health care were not
considered

The insufficient evidence in rehabilitation of DRFs
became as well obvious, when Handoll et al. (21) con-
ducted a review for the Cochrane database in 2006. The
authors concluded that available evidence from rando-
mized controlled trials is insufficient to establish the re-
lative effectiveness of the various interventions used in
the rehabilitation of adults with DRFs.

Current trials on internal fixations present a wide
range of immobilization times, splinting systems, time,
type, intensity and frequency of physiotherapy (Ta-
ble 2). Possibly, functional outcomes approximate with
time and therefore most studies present similar results
after 6 or 12 months, whereas studies analyzing func-
tional impairment after 6 to 12 weeks are scarce (Table
2). For patients in their professional life, the early phase
of rehabilitation is especially essential for their return
into daily routine. Regarding the high prevalence of this
fracture in employed patients, time of convalescence is
of major socioeconomic significance (1, 38, 72).

DISCUSSION

According to current literature, the duration of wrist
immobilization after DRFs remains a topic of high rele-
vance and dispute. Just recently, investigators published
a study protocol on 3 weeks vs. 5 weeks of cast immobi-
lization for the conservative treatment of non-displaced
DRFs (2). In contrast to long term immobilization the
concept of early mobilization combines rehabilitation
and bone healing as two parallel processes that synchro-
nously end with an entirely functional and stable usable
limb (12, 43).

Despite numerous reports on ORIF with FALPs as
a method of treatment for DRFs, the optimal aftercare
has been scarcely considered in recent research. Alt-
hough there is a wide consensus that internal fixation re-
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quires less immobilization time and hence allows return
to routine activities sooner, there have been few syste-
matic investigations on the extent of benefit from im-
mobilization after internal fixation (9, 39). Studies focu-
sing on immobilization times in conservative treatment
of DRFs suggest that shorter immobilization causes
improved short term recovery without increased risk
of secondary fracture displacement (7, 43, 47, 70). In
contrast, Lozano-Calderén et al. (39) reported that wrist
immobilization for six weeks did not lead to decreased
wrist motion when compared to early initiation of wrist
motion following volar locking plate fixation. Yet the-
re is insufficient evidence to give clear advice whether
postoperative splinting is of any benefit after FALP fixa-
tion in DRFs, which results in postoperative treatment
regimes that are rather based on subjective preferences,
as opposed to available evidence. Fear of malunion in
the fracture site or loss of anatomic alignment, as well
as mistrust in the fixation device and individual intui-
tion might lead to overprotection by some clinicians,
with possible consequences for the overall (functional)
outcome and related treatment expenses (11, 22, 38). In
contrast investigations on implant stability, joint biome-
chanics and reported complications rates suggest that
early mobilization is safe and might in fact be advan-
tageous under socioeconomical aspects (1, 35, 36, 44,
72, 74).

Professional organizations are yet unable to reco-
mmend the type, intensity, and duration of postopera-
tive treatment (37, 61), nor are there recommendations
supported by studies regarding which patients might
best profit from physical therapy (46). Details concer-
ning the postoperative occupational therapy are not
mentioned in the majority of trials in the field of DRF
surgery (Table 2). Further, current aftercare regimes
seem to disregard substantial confounding factors such
as patient age and complexity of the fracture pattern
(33, 51), which are known to cover a wide range, par-
ticularly in the cohort of DRF patients (73) (Fig 1a-b).
Possibly, elderly patients with complex osteoporotic
bone fractures might benefit from more conservative
aftercare regimens (33, 51), while more progressive
postoperative mobilization might be favorable for
young manual workers. On the other hand, connective
tissue appears to be more vulnerable to immobilization
in the elderly (5, 4), and whether secondary loss of re-
duction can be prevented reliably by more conservative
aftercare strategies remains unclear (Fig 1b-c). Con-
versely, novel fixations systems such as FALPs have
been reported to allow stable fixation even in low bone
quality (58). However, at this time, no studies exist that
would clearly support one or the other method of reha-
bilitation.

Despite proceedings in osteosynthesis that have brou-
ght great progress for the treatment of DRFs, the lack of
evidence-based postoperative treatment regimes is like-
ly to be a limiting factor for the overall outcome. Future
randomized controlled trials will hopefully contribute to
more refined conclusions for the evidence-based post-
operative rehabilitation of this endemic fracture.
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