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Abstract

Introduction: Distal radius fractures (DRF) are the most common fractures of the upper
extremities and due to population explosion, with an ageing society & enormous increase of high-
speed motor vehicle accidents, the number of distal radial fractures can be expected to increase in
the coming decades. Plate osteosynthesis has become the standard treatment for comminuted intra
articular DRF. Main aim of this study was to analyse the functional outcome in patients stabilized by
plate osteosynthesis with minimum follow up of 6 months.

Material and Methods: A prospective study was done on 46 patients with distal radius fractures
who were operated with plate osteosynthesis, type of plate was decided as per fracture pattern and
followed up at 1, 3, and 6 months and outcomes measured using Modified Mayo score, Grip strength
tested by Dynamometer.

Observations: Volar plating was done in 34 patients; dual plating was done in 4 patients dorsal
column plating was done in 8 patients. Average time of radiological union of fracture was 10 weeks,
average time of clinical union of fractures was 8 weeks, average time to return to normal activity
was 3 weeks, average time to return to professional activity was 4 weeks.

Results: According to Modified MAYO score 18 patients had excellent results, 10 had good results, 8
had fair and 4 had poor results. Grip strength was >80% compared to normal side in 29 patients,
>60% in 8 patients and, <60% compared to normal side in 3 patients measured with a
Dynamometer at 6 months.

Conclusion: Fractures of distal end radius managed with plate osteosynthesis is a good treatment
modality with excellent results provided the surgeon has a sound knowledge of literature and a good
surgical hand.
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Introduction osteoporosis?#. Historically, @ DRF  were

_ _ conservatively treated by closed reduction and
Distal radius fractures (DRF) are the most immobilization or K-wires. Following the

common type of fracture of the upper introduction of angular stable locking plates
extremities and incidence is expected to rise and the excellent results using internal

due to a growing elderly population®. fixation, a treatment shift occurred away from

Especially women have a 15% higher life time K-wires or external fixator to plate
risk. _Of DRF, thgn men of similar age. In osteosynthesis. Thus, displaced DRF (Barton
add|t|9n, DRF in the elderly are often fractures) can be stabilized from plate
associated with poor bone quality and osteosynthesis. In addition, stabilization by
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plate osteosynthesis provides enough stability
to enable early active wrist rehabilitation
without immobilization.  Multiple  studies
showed a significantly improved functional
outcome compared to immobilization and an
early mobilization post-surgery has no
increased risk of secondary loss of reduction
and complications®1%, As incidence of DRF
rises and the number of patients treated by
plate osteosynthesis increases, literature
remains interested in the optimal treatment
method, clinical outcomes and complication
rates'®!l, Complication rates after palmarly
stabilized DRF are reported up to 39% and
complication rates after dorsally stabilized DRF
are reported upto 28%(7) whereas other
studies documenting outcome after DRF
showed good functional and radiological
results>812-15,

Main aim of this study was to evaluate the
functional outcome in cases of fracture distal
end radius treated by open reduction and
internal fixation using different plates decided
according to fracture pattern and to study the
complications related to the use of these
plates.

Materials and methods

Institutional review board and Institutional
Ethical approval was obtained for this
prospective follow-up study. All patients
treated with plate osteosynthesis from 01
January 2021 to 31 June 2022 that met
inclusion/excision criteria, were included in
this study and invited in writing and by
telephone to attend the follow-up
investigation. Three invitation letters were
sent to each patient. Failure to reply after the
third invitations was classified as a non-
responder. Written informed consent was
obtained from all participating patients. They
were treated exclusively at our hospital, NSCB
Medical College and Hospital, Jabalpur.

Indications for surgery included a displaced
DRF with a dorsal tilt of more than 15
degrees, an intra-articular step of more than
1 mm, a radial shortening of more than 2 mm
or an incongruency in the distal radioulnar
joint in the standard radiographs.

Inclusion criteria included patients (aged

between 18 vyears and 55 years) with
unstable, comminuted or intra articular and
extra articular fractures of distal end radius.

Exclusion criteria included patients aged
below 18 years, patients medically unfit for
surgery, pathological fractures, compound
fractures, patients who are not willing for
surgery. and trauma cases > 4 weeks.

From 2021 to 2022, a total of 46 patients
were stabilized by plate osteosynthesis. Of
these, 34 patients were stabilised with volar
plating 8 patients with dorsal plating and 4
with dual plating. Out of 46 patients 40 were
followed up for 24 weeks and 6 patients were
lost, 4 at 8" week and 2 at 12t week.
Therefore, the final analysis totalled 40
patients.

All procedures were performed using either
general or regional anesthesia in a supine
position, with fluoroscopic assistance and a
pneumatic arm tourniquet of 250 mmHg. A
standard Modified Henry’s approach between
the flexor carpi radialis tendon and radial
artery was chosen for volar plating. The flexor
carpi radialis tendon was retracted ulnarly and
the forearm fascia was dissected. The pronator
quadratus was incised radially and elevated of
the radius.

For dorsal approach about 8 cm midline
incision taken (halfway between radial and
ulnar styloid) which can extend proximally or
distally as needed subcutaneous fat incised in
line with skin incision to expose extensor
retinaculum, extensor retinaculum incised over
the extensor digitorum communis and
extensor indicis proprius (fourth compartment)
tendons are mobilised radially and ulnarly to
expose the underlying radius and joint
capsule, the joint capsule is incised
longitudinally on the dorsal radius and carpus
dissection is continued below the capsule
(dorsal radiocarpal ligament) toward the radial
and ulnar sides of the radius to expose the
entire distal radius in dorsal approach.

The fracture was reduced under image
intensification and, when necessary,
temporarily fixed with K-wires. The plate was
placed and initially fixed with a bicortical screw
through the gliding hole. After ensuring exact
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positioning of the plate under image
intensifier, the remaining plate holes were
filled with angular stable screws. Care was
taken that the screws at the articular surface
were placed subchondrally to prevent dorsal
protrusion. Screw length was taken 2 mm
shorter to prevent protrusion.

In 34 patients volar plating was done in 8
patients dorsal plating was done and in 4 dual
plating was done. Routine antibiotics and anti-
inflammatory drugs were given. Check x-ray
were taken on 3™ postoperative day after
Check Dress 1. Sterile dressings were done on
3 and 5% postoperative day. Sutures were
removed on 10% to 15™ post operative day
and patient were discharged with below elbow
pop slab. Patients were assessed clinically and
radiographically at 8 weeks, 12 weeks, and 24
weeks to assess the fracture union and the
progress of patients recovery were
documented. All patients started hand therapy
of the free joints (shoulder, elbow, fingers) for
both upper extremities on the first
postoperative day. After slab removal the wrist
was then included in physiotherapy
programme.

Outcome evaluation each of the patients, who
returned for the follow-up investigation,
underwent a standard X-ray of the wrist in two
planes (anteroposterior and lateral view.
Range of motion (ROM) was measured in
palmar flexion, dorsi flexion, supination,
pronation, radial- and ulnar deviation at the
follow-up investigation. Demographic data
included age, gender, injured hand, mode of
injury and interval between surgery and
follow-up. In addition functional outcome
analysed with Modified Mayo score and
Demerit Point System of Gartland and Werley,
grip strength by dynamometer were analyzed.

All the intraoperative and postoperative
complications that were documented in the
surgical write ups were recorded and each
return evaluation was analysed for
complication. Complex regional pain syndrome
(CRPS) was diagnosed clinically based on the
Veldman’s criteria (1617), Frequency and causes
of complication were analysed.

The primary (pre-reduction), immediate
postoperative as well as final radiographs were

checked for alignment and intra-articular step-
of. The fractures were classified according to
the Frykmann classification. An acceptable
reduction was defined as 10 degrees of dorsal
tilt, 15 degrees in radial inclination, 2 mm
ulnar variance and 2 mm of articular
incongruity (1218), In the anteroposterior
radiographs, radial inclination and radial
length and in the lateral radiographs, the
palmar tilt was measured (*®) Fracture healing
was defined as bony bridging of the radial,
ulnar, and dorsal cortical aspects of the distal
part of the radius (2 . The lateral X-ray
verified the plate position and was
subsequently classified according to Soong
et al. in Grade 0, I and II. (29

The statistical analysis was performed by
SPSS 23.0 (Statistical Package For Social
Sciences). This was a prospective study.
Descriptive statistics were performed to all
study variables. Continuous variables are
described as mean and standard deviation.
Categorical variables were described as
frequency and percentage and were described
with graphs, bar charts and pie charts. To
compare scaled parameters Paired t-test was
used. Chi-square was used for testing
categorical data. If p value <0.05 data was
considered significant at 5% level of
significance and if p value <0.01 was
considered significant at level of significance.

Results

A total of 46 patients (28 males, 18 females)
returned for the follow-up investigation with a
mean £+ SD age of 34.71 £ 6.80 years (range
18-55 years) and follow-up of 6 months.
Detailed demographic data is presented below.

In our study the average radial inclination
preoperatively was 7.76+5.8 degrees, the
average postoperative radial inclination was
18.2+3.3degrees. The average radial
inclination achieved was 10.44 degrees study.
Preoperative mean radial length 3.66+1.79
mm was observed preoperatively with an
immediate postoperative radial length of
9.08+1.65 mm, we achieved a mean
correction of 6.15+£2.66 mm during the
surgical procedure. The preoperative mean
volar tilt was -17.1+7.82 degrees and mean
postoperative volar tilt was 6.95+4.54 degrees
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the total correction achieved was 19.63+7.56
degrees the higher degree of correction
achieved was due to the fact that the dorsal
tilt was expressed in negative value and hence
the correction achieved was greater than the
normal range (0-11degrees). (Table 1)

Table 1. Detailed functional outcome
measuring range of motion.

Movements N Min | Max | Mean * SD
Week- 8 46 |51 |80 |65.618.60
Pronation

Week- 12 40 |58 |100 |82.30 % 10.70
Pronation

Week- 24 111.35 ¢
Pronation 40 68 135 18.40

Week 8 46 |15 |32 | 23.35% 4.61
Supination

Week 12

Supination 40 24 42 34.98 £ 5.40
Week 24 40 |28 |41 36.5 £ 2.9
Supination

Week 8

Palmar 46 15 41 24.76 £ 6.34
Flexion

Week 12

Palmar 40 24 49 37.90 £ 5.7
Flexion

Week 24

Palmar 40 29 70 54.55 + 8.80
Flexion

Week 8 Dorsi | 46 | 16 |39 | 25.04 + 5.70
Flexion

Week 12 40 |26 |49 |39.83+5.54
Dorsi Flexion

Week 24 40 |29 |69 |55.33+8.37
Dorsi Flexion

Week 8 Radial | jo | 4 |10 | 7.04 +1.67
Deviation

Week 12

Radial 40 6 12 10.63 + 1.46
Deviation

Week 24

Radial 40 9 18 14.65 + 2.30
Deviation

Week 8 Ulnar

Deviation 46 9 18 14.02 + 2.22
Week 12

Ulnar 40 12 25 20.40 £ 2.75
Deviation

Week 24

Ulnar 40 14 30 25.78 £ 3.93
Deviation

with the normal side, they required 18.2+16
physiotherapy sessions to attain range of
motion described at 6 months. (Table 1)

Using the MODIFIED MAYO score, we had 18
(45%) excellent results, 10 (25%) good
results, 8 (20%) fair results and 4 (10%) poor
results with a mean £ SD Modified Mayo score
of 85.6 = 10.21.

MODIFIED MAYO
SCORE
B Excellent
2 Good
Fair
Poor

Figure 1 Figure 1. Figure showing Using the
MODIFIED MAYO score, we had 18 (45%) excellent
results, 10 (25%) good results, 8 (20%) fair results
and 4 (10%) poor results with a mean + SD
Modified Mayo score of 85.6 = 10.21.

DEMERIT POINT
SYSTEM OF GARTLAND
AND WERLEY

H Excellent

Good

Fair

Figure 2. According to Demerit point system of
Gartland and Werley we had 22 (55%) excellent
results, 10 (25%) good results, 5 (12.5%) fair
results, 3 (7.5%) poor results with a mean+SD of
Demerit Point System Of Gartland and Werley of
7.23 £ 5.39.

Table 2. Functional outcome using scoring

The mean range of motion achieved in our
study was as follows palmar flexion of 54.55 +
8.80 degrees, dorsiflexion of 55.33 = 8.37
degrees, radial deviation of 14.65 = 2.30
degrees, ulnar deviation of 25.78 %
3.93degrees, supination of 55.55 +
57.99degrees, pronation of 111.35 &
18.40degrees. these results were taken at 6
months postoperatively and were compared

systems.

Score N Min Max | Mean + SD
Modified Mayo 85.6 +
Score 40 |59 97 10.21
Demerit point

system of

Gartland and 40 |1 19 7.23 £5.39
Werley

A total of 8 complications (17.3%) occurred in
46 patients. Most common complications
included CRPS in 4 patients (8.7%).
Complications are summarized in Table 3
below.
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Table 3. Percentage of complications.

CRPS 4 8.7
Median Nerve Entrapment under

. 1 2.2
Surgical Scar
Dorsal Tendon Attrition 1 2.2
Superficial Wound Infection 2 4.3
No Complication 38 82.6
Total 46 100.0

Intra articular fractures showed the highest
complication rate of 7/34 (20.5%), whereas
1/12 (8.4%) were found in extraarticular
fractures. Median Nerve Entrapment under
Surgical Scar was found in 1 patient which
was confirmed by ultrasonography and was
managed with excision of surgical scar
followed by median nerve neurolysis and
carpal tunnel release it showed a complete
regression. All patients with CRPS were
treated conservatively with splinting, hand
therapy, dimethylsulphoxide (DMSO0)
ointment, non-steroidal anti-inflammatory
drugs and vitamin E. Superficial wound
infection was observed in two patients, which
was treated conservatively with antibiotics and
splinting.

Dorsal tendon attrition was found in one
patient of dorsal plating who was managed
with hardware removal after radiological
union. No significant differences could be
found in incidence of complications and plate
type (p=0.22), age (p=0.47], gender
(p=0.50), or post-operative immobilization
[cast/thermoplastic splint (p=0.31)].

Discussion

Distal radius fractures are one of the most
common fractures in the upper extremities
and the incidence is expected to continue
rising due to the growing elderly
population(??), Since the introduction of plate
osteosynthesis in the early 2000s plus the
initial reports of low complication rates and
good functional outcomes, plate
osteosynthesis has gained popularity in
treating DRF(>:46:47),

Palmar locking plate fixation enables a
stabilization of dorsally displaced fractures
without the increased risk of tendon irritation
compared to dorsal stabilization(>:6:23), Fixation
of DRF provides enough stability to allow an
early  rehabilitation with active  wrist
mobilization. Thereby, better functional
outcomes can be achieved in the early

rehabilitation phase without the increased risk
of a loss of reduction or further
complications(10.24), Therefore, functional
outcome and reported complications after
operatively treated DRF remain current in the
literature including a comparison of the
various available treatment options(’2%), Today
the optimal treatment options for DRF are
under debate, but a recent Network Meta-
analysis concluded, that plate fixation offers
the best results in terms of early functional
outcome and reduction of fracture healing
complications. Patients in this study, with a
mean age of 34.7 years and a minimum
follow-up of six months showed a good
functional and in mean an “acceptable”
radiological outcome. The Modified Mayo Score
averaged 86 points and Demerit Point system
of Gartland and Werley 7 points.

Each patient’s MODIFIED MAYO score were
taken at 8 weeks, 3 months and 6 months
interval along with range of motion. Phadnis J
et al in 2011 to report the functional outcome
of a large number of patients at a significant
follow up time after fixation of their distal
radius with a volar locking pate reported 74%
of the patients with good or excellent DASH
and MODIFIED MAYO score. Statistical
analysis showed that no specific variable
including gender, age, fracture type, post-
operative immobilisation or surgeon grade
significantly affected outcome. Complication
occurred in 27 patients (15%) and in 11
patients was major (6%) study demonstrated
good to excellent results in the majority of
patients after volar locking plate fixation of the
distal radius, with complication rates
comparable to other non-operative and
operative treatment modalities and
recommended this mode of fixation for distal
radius fractures requiring operative
intervention. Rozental et al. showed mostly
good and excellent functional outcomes in 45
patients at 17 months mean follow up. Like
our study these both showed good to excellent
functional outcome using the MODIFIED MAYO
score. Rohit Arora et al. used modified Green
and Obrein score and reported 31 excellent,
54 good, 23 fair and 6 poor results. Minegishi
H et al in 2011 to evaluate the functional and
radiological results of treating unstable distal
radius fractures with the volar locking plated
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among 15 patients reported 5 patients with
excellent outcome, 7 with good outcome, and
3 with fair outcome according to Cooney’s
clinical scoring chart. K .Egol et al showed a
mean Modified MAYO of 78.2+7.7 in external
fixator group and 87+4.9 in volar plating
group at 12months, but their functional
MODIFIED MAYO score at 6 months was
72.6+23.8 in  external fixator  group
,89.0+£21.7 in plating group at 3 months
interval their DASH scores was 71.4+21.1 in
external fixator group and 89.5+2.1 in plating
they did not compare MODIFIED MAYO scores
at 8 weeks interval. Adani R et al evaluated
MODIFIED MAYO scores sequentially weekly
upto 12 weeks and at final examination they
reported 94.6+6.3 in the conventional group
and 96.2+6.8 in the MIPPO group at 12
weeks. Jirangkul P et al recorded a modified
MAYO score 87+7 at 6weeks in ORIF group
and 73+£28 in CRPP group at 6 weeks they
reported a MODIFIED MAYO score 89£13 in
ORIF group and 74+23 in CRPP group at 12
weeks with significant P value of 0.01 they
recorded another MODIFIED MAYO score at 1
year in which the ORIF group fared with 4+8
score and CRPP fared 9+18 with no significant
P value. Ballal A et al reviewed 20 patients,
five patients had excellent modified Mayo wrist
score, 9 had good scores, 4 had satisfactory
and two patients had poor results. Seven
patients had a RUSS score less than five
points and four patients had RUSS score of
five points, four patients had six points, two
patients had seven points and three patients
had eight points. One patient was noted to
have dorsal collapse of the fracture during the
final review. But, no evident of cosmetic
deformity or any diminution in functional
outcome of wrist was noted. In present study
MODIFIED MAYO score at 6months follow up is
85.6 + 10.21.

Sohael M. Khan et al recorded a DEMERIT
POINT SYSTEM OF GARTLAND AND WERLEY
score of 3.75 in ORIF group and 7.55 in CRPP
group at 36 weeks with significant P value of
<0.05. in their study 70% patients had
excellent results, 20% patients had good
results and 10% had fair results. In our study
22 (55%) patients had excellent results, 10
(25%) had good results, 5(12.5%) patients
had fair results and 3(7.5%) patients had poor

results. Mean Demerit Point system of
Gartland and Werley at the end of 6 months
follow up was 7.23 £ 5.39.

Complications after plate osteosynthesis for
DRF are well reported in the literature. First
reports from Orbay etal. suggested a
complication rate of 3%, respectively 4%
but later studies reported complications up to
60% (572125 In a recent systemic review
Alter et al.(?® analyzed complications, they
reported a complication rate of 15% in 3.911
operatively treated DRF with palmar locking
plate. Jie Wei et al in 2013 ( ) did a meta
analysis and found that dorsal fixation offers a
lower risk of neuropathy and carpal tunnel
syndrome than the volar approach, but a
higher risk of tendon irritation. Patients with a
distal radius fracture can expect similar
outcomes after volar or dorsal surgery.
Complication rate of 17.4% in this study is
comparable to previously published studies
and the low complication rate reflects the
familiarity with the implant and large numbers
of treated DRF by plate osteosynthesis
(average 262 DRF per year). The most
common complications in this study included
CRPS (8.6%) and superficial wound infection
(4.3%). No significant impact on the
complication rate could be found for age,
gender or type of post-operative
immobilization. Occurrence of a complication
showed no significant or clinical important
influence on the final functional outcome.
Intra-articular screws are also frequently
reported in the literature between 0.5 and
1.3%0528 and not only caused by
malpositioning, but also due to loss of
reduction or secondary fracture dislocation.
Even the use of angular stable screws does
not preclude secondary displacement(®. Intra-
articular screw penetration can result in a
destruction of the radiocarpal joint, causing
malunion, osteoarthritis and clinical failure.
CRPS is closely associated to fractures of the
distal radius with an incidence between 1 and
6%?%), but is also commonly seen in injuries to
the upper extremities (most commonly in
DRF)(5:2529,30)  However, it remains a clinical
diagnosis and the pathomechanism is still not
fully researched. This may, however, be
related to an over excretion of cytokinins,
mitochondrial dysfunction in the affected
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upper extremity, as well a genetic
predisposition does exist(31:32), We agree with
Esenwein et al. that CRPS is a complication,
that cannot be influenced by the surgeon(),
Some of the limitations should be addressed
before interpreting this study. The study
included a total of 46 operatively treated DRF
in the study period as due to COVID-19 the
number of accidents and number of patients
visiting the hospitals decreased significantly.
Of these 6(13%) couldn’t be followed-up for
several reasons. Thus, clinical results and
complication rate could be biased. On the one
hand, one might assume that patients who do
not return have no complications and are
asymptomatic, indicating that the complication
rate is overestimated and the clinical results
are better than reported. Alternatively,
patients with complications or problems could
simply have gone to another hospital. In
addition, there is no unique definition in the
literature for an “acceptable” postoperative
radiological result and a wide range for cut-of
values does exist. It would be desirable, that
further studies focus on specific cut-of values
to determine which radiological parameters
would affect range of motion. At the follow-up
radiographs were only taken of the injured
wrist and not from the contralateral wrist.
Therefore, no comparison with the uninjured
wrist was possible. This might explain the
discrepancy in the results in ulnar variance,
showing a significant correlation to grip
strength and range of motion, but no
differences between an unacceptable and
acceptable ulnar variance. Further studies
should consider this issue and investigate the
impact of radiological differences between the
injured and healthy wrist. Another limitation is
that the study was not focused on one
particular outcome parameter (e.g., Maodified
Mayo Score at the last follow-up), resulting in
multiple testing. P-value had to be corrected
and therefore, the study might be
underpowered in some subgroup analyses. At
the final follow-up examination, the X-rays of
only 2/46, respectively, 3/46 patients showed
an unacceptable palmar tilt or radial
inclination. Due to the small sample size a
comparison between an acceptable and
unacceptable radiological result depending on
functional outcome was not possible.

The minimum follow-up interval of this study
was six months. Therefore, not all
complications that typically occur later, for
example, tendon rupture, are covered in this
study.

Conclusion

Due to aging society, & enormous increase of
high-speed motor vehicle accidents, the
number of distal radial fractures can be
expected to increase in the coming decades.
In this study, forty six cases of distal radius
fractures who were treated with open
reduction and internal fixation with plate
osteosynthesis were followed up and
functional outcomes were analysed and
discussed. From this sample study, we
conclude that plate osteosynthesis provides
successful results for the treatment of both
extra articular and intra articular unstable
fractures of distal radius. This method allows
restoration of the anatomy, stable internal
fixation, a decreased period of im-mobilisation
and early return of wrist function. This
method, which is effective in anatomic
realignment, allows early joint motion, owing
to its fixation strength. In the subjects of our
study, a successful anatomic alignment was
acquired, regardless of the direction of
fracture angulation. The patients who were
young adults in majority, went back to their
daily activities with 90% recovery. Close
placement to joint interface and screwing
capability in different orders are biomechanical
superiorities of a locking plate. The pre-
contoured anatomical LCP not only provide
restoration of radial length but also helps in
stabilizing angulation. They maintain intra-
articular congruity thus reducing radio carpal
arthritis and decrease in grip strength. They
also provide quicker recovery and better
functional range of movement and provide
better fixation in a osteoporotic bone. In our
study excellent to good results suggests that
stabilizing the fracture fragments with locking
plate is an effective method to maintain the
reduction till union and prevent collapse of the
fracture fragments, even when the distal
radius fracture is grossly comminuted intra-
articular / unstable and or the bone is
osteoporotic. It is a simple and reproducible
procedure that improves recovery from this
common injury. The technique emphasis that
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ORIF with plating has excellent functional
outcome with minimal complications thus
proving that it is the prime modality of
treatment for distal radius fractures. The
procedure is applicable for AO types A, B and
C fractures of the distal radius, in young
patients with a good bone stock as well as in
elderly osteoporotic patients. In conclusion,
we looked at Functional results of locking
compression plates and found an improved
range of movement and radiological outcome
at eight, twelve and twenty-four weeks follow
up. Thus, this study demonstrates that with
the execution of good surgical techniques,
including proper plate position, proper
insertion of screws and avoidance of past
pointing, and proper patient selection, a
satisfactory  functional and radiological
outcome can be obtained for a great majority
of patients with most of the distal radius
fracture’s (incl. Complex intra-articular) by
using a locking plate fixation.
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