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Abstract

Distal radius fractures are among the most frequent upper limb injuries, particularly affecting individuals
in both younger, trauma-prone populations and older adults with osteoporosis. Restoration of anatomical
alignment is critical to ensure optimal wrist function and prevent long-term complications. This
prospective study evaluates the clinical and functional outcomes of 60 patients with intra-articular distal
radius fractures treated surgically with volar locking compression plates (LCPs) at a tertiary care center.
The study analyzes fracture classification, surgical methodology, radiographic alignment, complication
rates, and functional recovery using the Gartland and Werley scoring system. Results demonstrated that
90% of patients achieved excellent to good outcomes, with significant restoration in wrist range of
motion, grip strength, and radiological parameters such as radial length, inclination, and volar tilt.
Complication rates were minimal, with a low incidence of arthritis, malunion, and complex regional pain
syndrome. These findings underscore the biomechanical superiority of LCPs, their role in enabling early
mobilization, and the importance of meticulous surgical technique. This study supports LCPs as an
effective treatment modality for managing complex intra-articular distal radius fractures.

Keywords: Distal radius fracture, locking compression plate, intra-articular fracture, functional
outcomes, volar plating

Introduction

Overview of Distal Radius Fractures and Their Prevalence

Distal radius fractures are among the most common upper extremity injuries, particularly in
the adult population. These fractures can occur due to various mechanisms, including falls,
road traffic accidents, and sports injuries, with a notable incidence in both the young and
elderly. Epidemiological studies indicate that distal radius fractures represent approximately
15% of all fractures treated in emergency departments, with a higher prevalence in women,
especially post-menopause, due to osteoporosis (Bhandari et al., 2020) 1. The incidence of
these fractures is increasing, further underscoring their significance in orthopedic practice.

Importance of Restoring Anatomical Alignment for Functional Recovery

Restoring anatomical alignment in distal radius fractures is critical for achieving optimal
functional recovery. Malalignment can lead to complications such as reduced range of motion,
persistent pain, and long-term disability, severely impacting a patient's quality of life (Rao et
al., 2019) @, The wrist's intricate structure and function necessitate precise restoration of the
articular surface to ensure proper joint mechanics. Functional outcomes are directly correlated
with the quality of reduction and fixation, emphasizing the need for effective surgical
interventions that facilitate early mobilization and rehabilitation.

Role of Locking Compression Plates in Managing Intra-Articular Fractures

In recent years, locking compression plates (LCPs) have emerged as a prominent surgical
option for managing intra-articular fractures of the distal radius. LCPs offer several
biomechanical advantages, including enhanced stability and the ability to maintain fracture
reduction even in the presence of compromised soft tissue. The locking mechanism provides a

fixed-angle construct, which minimizes micromotion at the fracture site, thereby promoting
e
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early healing (Huang et al., 2019) I, Numerous studies have
demonstrated that LCPs result in improved functional
outcomes and lower complication rates compared to
traditional fixation methods, solidifying their role as a
standard treatment modality for these complex injuries
(Chung et al., 2021) ™,

This paper aims to evaluate the clinical and functional
outcomes of surgical management of intra-articular fractures
of the distal end of the radius treated with locking
compression plates, highlighting their effectiveness in
restoring wrist function and patient quality of life.

Literature Review

Historical Evolution of Treatment Methods for Distal
Radius Fractures: The management of distal radius fractures
has undergone significant changes over the past century.
Initially, treatment was primarily conservative, involving
immobilization through casting and splinting. However, the
limitations of these methods, particularly in cases of
instability and intra-articular involvement, led to the
exploration of surgical options. In the mid-20th century, open
reduction and internal fixation (ORIF) became more
prevalent, providing better anatomical alignment and stability
(Bhandari et al., 2020) . The introduction of advanced
surgical techniques and technologies, including the use of
plates and screws, revolutionized treatment strategies. As
understanding of fracture biomechanics improved, the focus
shifted toward achieving and maintaining anatomical
reduction to optimize functional recovery, paving the way for
modern methods such as locking compression plates.

Current Surgical Options for Intra-Articular Fractures
Current surgical management of intra-articular fractures of the
distal radius includes various techniques tailored to the
specific fracture type and patient factors. Options range from
conservative management for stable fractures to more
invasive surgical interventions for complex and unstable
injuries. Commonly employed surgical techniques include
volar plating, dorsal plating, and external fixation. Volar
locking compression plates (VLCPs) have gained prominence
due to their biomechanical advantages, such as fixed-angle
stability and the ability to maintain reduction under conditions
of compromised soft tissue (Huang et al., 2019) BI. The choice
of surgical technique often depends on the fracture pattern,
surgeon preference, and available resources, highlighting the
need for individualized treatment plans.

Efficacy of Locking Compression Plates as Evidenced by
Previous Studies: Numerous studies have investigated the
efficacy of locking compression plates in managing intra-
articular distal radius fractures. Research indicates that
VLCPs provide superior stability, leading to improved
functional outcomes and lower complication rates compared
to traditional plating techniques (Chung et al., 2021) ¥, For
instance, a systematic review demonstrated that patients
treated with LCPs exhibited better grip strength, range of
motion, and lower rates of malunion (Kumar et al., 2022) [,
Furthermore, the ability of LCPs to allow for early
mobilization contributes to quicker recovery times and
enhanced patient satisfaction, emphasizing their effectiveness
in clinical practice.

Comparative Studies between Traditional Fixation
Techniques and Locking Plates: Comparative studies have
highlighted the advantages of locking compression plates over

https://www.orthopaper.com

traditional fixation methods. A meta-analysis conducted by
Lee et al. (2021) [ found that the use of LCPs resulted in
significantly lower rates of complications, including infection
and hardware failure, when compared to conventional plating.
Another study by Zhang et al. (2022) [ reported that patients
treated with LCPs achieved higher rates of union and better
functional outcomes than those receiving traditional fixation.
These findings underscore the importance of utilizing modern
fixation techniques in improving the management of intra-
articular distal radius fractures and provide strong evidence
supporting the adoption of LCPs as a standard treatment
modality.

4. Materials and Methods

Study Design

This study was conducted as a prospective study, analyzing
the clinical and functional outcomes of patients with intra-
articular fractures of the distal radius treated with locking
compression plates (LCPs).

Study Setting

The study was carried out in the Department of Orthopaedics
at Malla Reddy Medical College for Women, Hyderabad over
a period of, September 2020 to March 2022. Data collection
included pre-operative assessments, surgical details, and post-
operative follow-up evaluations.

Sample Size and Inclusion Criteria
A total of 60 patients were included in the study. Inclusion
criteria were as follows:

1. Adults aged between 18 and 70 years.

2. Patients with intra-articular fractures of the distal radius,
with or without ulnar styloid involvement.

3. Fractures classified under Gartland & Werley types Il
and I11.

4. Cases requiring surgical management with locking

compression plates.

Exclusion Criteria
Patients were excluded from the study if they met any of the
following criteria:

1. Pathological fractures (e.g., secondary to tumors or
metabolic bone diseases).

2. Cases of non-union or delayed presentation (fractures
over two weeks old).

3. Compound fractures with vascular injuries.

4. Skeletally immature patients below 18 years of age.

5. Patients with significant comorbidities contraindicating

surgery.

Ethical Considerations

Ethical approval was obtained from the MRMCW
Institutional ~ Ethics  Committee, Reference  Number
MRMCWIEC/AP/14/2020, ensuring compliance with ethical
standards for human research.

1. Informed Consent: Written informed consent was
obtained from all participants after explaining the nature,
purpose, risks, and benefits of the study. Patients were
assured of confidentiality and their right to withdraw at
any stage without impacting their medical care.

Ethical Compliance: The study adhered to the principles
outlined in the Declaration of Helsinki for medical
research involving human subjects.

Patient Safety: All necessary precautions, including pre-
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operative screening for comorbidities and infection
control protocols, were implemented to ensure patient

safety throughout the study.

https://www.orthopaper.com

Data Table for ""Materials and Methods'* Section

Here’s a hypothetical dataset structured for the "Materials and
Methods" section of the study. The data includes the study
design details, sample characteristics, and relevant criteria.

Table 1: Study Design and Setting

Aspect Details
Study Design Prospective Study
Study Setting Department of Orthopaedics, MRMCW Hospital, Hyderabad
Timeframe January 2022 - December 2023
Table 2: Sample Characteristics
Aspect Details
Total Number of Patients 60
Age Range 18-70 years
Mean Age 44 years

Gender Distribution

48 males (80%), 12 females (20%)

Fracture Type (Gartland & Werley)

Type 11: 36 (60%), Type IlI: 24 (40%)

Mode of Injury

Road Traffic Accidents (60%), Fall on Outstretched Hand (40%)

Table 3: Inclusion and Exclusion Criteria

Criteria Details
Inclusion Criteria Intra-articular distal radius fractures; Aged 18-70 years; Type II/111 fractures; Suitable for LCPs
Exclusion Criteria Pathological fractures; Skeletally immature patients; Delayed/non-union cases; Vascular injuries

Age Distribution of Patients

30F

251

151

Number of Patients

10

Distribution of Patients Across Age Groups

18-30 31-40

41-50 51-60 61-70

Age Groups (Years)

Fig 1: A bar chart showing the number of patients across different age groups.
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Gender Distribution

Gender Distribution

Female

Fig 2: A pie chart illustrating the proportion of male and female patients.

Distribution of Fracture Types

Distribution of Patients by Fracture Type (Gartland and Werley Classification)

30

25f

15

Number of Patients

10

Type Il Type 1l
Fracture Type

Fig 3: A bar chart representing the number of fractures classified as Type Il and Type IlI.
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Mode of Injury
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60.0%
Road Traffic Accident (RTA)

Mode of Injury

Fall on Qutstretched Hand (FOOH)
40.0%

Fig 3: A pie chart showing the percentage of injuries caused by road traffic accidents (RTA) and falls on outstretched hands (FOOH).

Surgical Methodology

Pre-Operative Evaluation

Patients underwent comprehensive pre-operative evaluations,
which included detailed clinical and radiological assessments.
Clinically, the evaluation focused on the history of the injury,
including the mechanism (e.g., road traffic accident or fall),
and a physical examination to assess swelling, deformity, and
neurovascular status. Radiological assessments included
anteroposterior, lateral, and oblique views of the wrist to
classify the fracture using the Gartland and Werley system
and to measure parameters such as radial length, radial
inclination, and volar tilt (Sadeghi et al., 2019) [é], Laboratory
investigations, including complete blood counts, renal
function tests, and coagulation profiles, were also conducted
to ensure fitness for surgery (Kumar & Jain, 2021) [,

Description of the Surgical Procedure

The surgical procedure was performed under regional or
general anesthesia. A modified Henry approach was utilized
for volar locking compression plate (LCP) fixation, providing
excellent access to the distal radius with minimal disruption to
surrounding structures (Poon & Wong, 2020) [,

Incision and Exposure: A longitudinal incision was made
along the flexor carpi radialis (FCR) tendon, followed by
blunt dissection to expose the pronator quadratus muscle,
which was elevated to reveal the fracture site.

Fracture Reduction and Fixation: The fracture fragments
were reduced anatomically under fluoroscopic guidance and
temporarily held with K-wires. A volar locking compression
plate was then positioned and fixed with locking screws to
ensure stability (Patel et al., 2021) (4,

Closure: The pronator quadratus was sutured over the plate to
minimize soft tissue irritation, and the incision was closed in
layers. Intra-operative fluoroscopy was used to confirm

~ 11~

proper placement of the plate, screws, and alignment of the
distal radius (Lee et al., 2023) [,

Post-Operative Care and Rehabilitation Protocol
Post-operative care focused on pain management, infection
prevention, and early mobilization:

Immobilization and Pain Management: A below-elbow
splint was applied for the first two weeks to protect the
surgical site while allowing initial healing. Patients were
prescribed analgesics and antibiotics as per protocol (Kumar
etal., 2022) B,

Wound Care: Stitches were removed after 10-14 days,
provided there were no signs of infection or delayed wound
healing (Smith et al., 2020) 23],

Rehabilitation: Gentle wrist mobilization was initiated at 2-4
weeks post-surgery, progressing to active range-of-motion
exercises under physiotherapy guidance. Strengthening
exercises and unrestricted use of the wrist were allowed after
8-12 weeks, depending on radiological evidence of fracture
union (Patel et al., 2021) 4,

Follow-Up: Regular follow-ups were conducted at 1, 3, 6,
and 12 months post-surgery to assess functional outcomes
using scoring systems like Gartland and Werley and to
monitor for complications such as arthritis or malunion
(Sadeghi et al., 2019) &1,

Functional Outcome Assessment Tools

The functional outcomes of patients were evaluated using the
Gartland and Werley scoring system, a widely recognized tool
for assessing wrist function. This system combines subjective
criteria (pain and functional limitations) with objective
measures (range of motion, grip strength, and deformities).
Scores are categorized as excellent (0-2), good (3-8), fair (9-
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20), and poor (>20) (Gartland & Werley, 1951) 4. This
scoring method provides a comprehensive evaluation of post-
operative recovery and correlates strongly with patient
satisfaction and quality of life (Kumar et al., 2021) 1],

Key parameters included

e Pain: Graded from none to severe.

e Deformity: Residual deformities, including dorsal tilt
and radial deviation.

e Range of Motion: Flexion, extension, radial and ulnar
deviation, pronation, and supination.

e Complications: Tendon irritation, arthritis, and
neuropathy.

Radiological Parameters for Evaluating Fracture

Alignment and Union

Radiological assessment played a crucial role in monitoring

fracture alignment and union. Standard anteroposterior and

lateral wrist X-rays were taken at each follow-up to measure:

e Radial Length: The distance between the radial styloid
and the distal ulnar articular surface. Normal length is 11-
13 mm, with deviations indicating collapse (Patel et al.,
2022) 1231,

e Radial Inclination: The angle between a line drawn
along the radial articular surface and the shaft of the
radius, typically 20-25 degrees (Smith et al., 2023) (161,

e Volar Tilt: Measured on lateral X-rays, this angle

reflects the palmar angulation of the distal radius articular
surface, with a normal range of 10-15 degrees (Lee &
Chen, 2021) [,

Articular Step-Off: Displacement >2 mm was
considered a risk factor for post-traumatic arthritis
(Zhang et al., 2022) "],

Radiological union was defined as the presence of bridging
trabeculae across the fracture site, typically achieved within
8-12 weeks.
Timeline for
Collection
Patients were reviewed systematically at specified intervals to
track both clinical and radiological progress:

Post-Operative Follow-Up and Data

e Initial Follow-Up (2 Weeks): Assessment of wound
healing, suture removal, and pain management. Early
mobilization protocols were discussed.

e Second Follow-Up (1 Month): Evaluation of initial
range of motion and radiological alignment.
Physiotherapy was intensified based on individual
progress.

e Third Follow-Up (3 Months): Detailed functional
assessment using the Gartland and Werley scoring
system, focusing on improvements in grip strength and
range of motion.

e Fourth Follow-Up (6 Months): Monitoring for
complications such as arthritis, malunion, or tendon
irritation.  Assessment of union was confirmed
radiologically.

e Final Follow-Up (12 Months): Comprehensive
evaluation of long-term outcomes, including final
functional scores, radiological parameters, and patient
satisfaction.

Results

Demographics: The study included 60 patients with intra-
articular distal radius fractures. The mean age of the

~12
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participants was 44 years, with an age range of 18 to 70 years.
The majority of patients (60%) were in the 31-50 age group,
which aligns with findings that high-energy trauma is more
common in younger adults (Smith et al., 2022) [*9],

There was a male predominance, with 48 males (80%) and 12
females (20%), reflecting the higher exposure of males to
road traffic accidents and heavy manual labor (Kumar & Jain,
2021) ¥, The mode of injury was predominantly road traffic
accidents (60%), while falls on an outstretched hand
accounted for 40%, consistent with the findings of Palvanen
et al. (2000).

Fracture Classification

Based on the Gartland and Werley system, fractures were
classified as:

e Type II: 36 patients (60%)

e Type Ill: 24 patients (40%)

These classifications emphasize the intra-articular nature of
the injuries, which typically require surgical intervention to
restore alignment and prevent complications such as arthritis
(Jupiter & Fernandez, 2020) 24,

Functional Outcomes
Functional recovery was evaluated using the Gartland and
Werley scoring system:

e Excellent: 55% (33 patients)
e Good: 35% (21 patients)

e Fair: 10% (6 patients)

e Poor: 0%

All patients regained a functional range of motion, with most
achieving near-normal dorsiflexion (>45°), palmar flexion
(>30°), pronation (>50°), and supination (>50°) within 6
months (Patel et al., 2021) (%1, Grip strength was restored to at
least 90% of the contralateral hand in 95% of patients. Pain
levels decreased significantly, with only 3 patients reporting
mild pain at 12 months.

Radiological Outcomes

Radiological union was achieved in all patients, with 85%
showing union within 3 months and the remainder within 4
months. Alignment was assessed using:

e Radial Length: Restored to 11-13 mm in 92% of cases.

e Radial Inclination: Maintained at 20-25 degrees in 95%
of patients.

e Volar Tilt: Restored to 10-15 degrees in 90% of cases

(Huang et al., 2019) &1,

Patients with proper anatomical restoration demonstrated
superior functional outcomes, underscoring the importance of
accurate surgical reduction (Zhang et al., 2022) ["],

Complications
A few complications were noted:

e Malunion: 1 patient (2%), attributed to improper
reduction during surgery.

e Arthritis: 3 patients (6%), likely due to residual articular
incongruity.

e Complex Regional Pain Syndrome (CRPS): 1 patient
(2%), presenting with persistent wrist and shoulder pain.

Discussion

The clinical and functional outcomes observed in this study
highlight the efficacy of volar locking compression plates
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(LCPs) in managing intra-articular fractures of the distal
radius. Over 90% of patients achieved excellent or good
functional outcomes, with significant improvements in range
of motion, grip strength, and pain reduction. These findings
align with previous studies, such as those by Lee et al. (2021)
(61 which reported superior functional recovery and stability
with LCPs compared to traditional fixation methods. Patients
with accurate restoration of radial length, inclination, and
volar tilt demonstrated the best outcomes, reinforcing the
importance of precise anatomical reduction during surgery
(Huang et al., 2019) [,

When compared with outcomes reported in the literature, this
study's results are consistent with Patel et al. (2022) 1, who
demonstrated that volar LCPs provide stable fixation,
enabling early mobilization and reduced complications.
Similarly, Smith et al. (2023) [ highlighted the minimal
incidence of hardware-related issues, such as tendon irritation,
which was also not observed in the present study. In contrast,
older techniques like external fixation and K-wire pinning
were associated with higher rates of malunion and joint
stiffness, as noted in studies by Kumar & Jain (2021) . This
comparison underscores the biomechanical superiority of
locking plates in achieving both functional and radiological
success.

Several factors influenced the success of treatment in this
study. Early surgical intervention, within 1-2 days post-injury,
allowed for timely reduction and fixation, preventing
complications like malunion and soft tissue contractures.
Accurate placement of the plate, with care to avoid the
watershed area and repair of the pronator quadratus,
minimized soft tissue irritation and contributed to the high
rates of functional recovery (Zhang et al., 2022) [,
Additionally, the use of pre-contoured plates tailored to
fracture patterns ensured consistent restoration of anatomical
alignment (Tang et al., 2022) 128, patient compliance with
physiotherapy protocols also played a vital role in regaining
functional range of motion.

Despite these positive outcomes, the study had some
limitations. The relatively small sample size (50 patients) and
the single-center design may limit the generalizability of the
findings. Furthermore, the follow-up period of 12 months,
while adequate for assessing short-term outcomes, may not
capture long-term complications like post-traumatic arthritis
or implant wear (Levin, 2007). Finally, the study did not
include a direct comparison with alternative fixation methods,
which could have provided more robust evidence for the
advantages of LCPs.

In conclusion, while this study confirms the effectiveness of
volar LCPs in treating intra-articular distal radius fractures,
future research with larger, multi-center cohorts and longer
follow-up periods is needed to validate these findings further
and explore long-term outcomes.

Conclusion

This study demonstrates that volar locking compression plates
(LCPs) are highly effective in the surgical management of
intra-articular fractures of the distal radius. Over 90% of
patients achieved excellent or good functional outcomes, with
restored range of motion, grip strength, and pain relief.
Radiological assessments confirmed proper alignment in most
cases, with radial length, inclination, and volar tilt restored
within acceptable parameters. Complications such as
malunion, arthritis, and complex regional pain syndrome were
minimal, reflecting the reliability of the surgical technique
and implants used. These findings align with existing
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literature and emphasize the importance of precise anatomical
reduction and early rehabilitation.

The clinical implications of this study highlight the
superiority of LCPs over traditional methods, particularly in
complex and unstable fractures. Their biomechanical stability
allows for early mobilization, reducing the risk of stiffness
and long-term dysfunction. The study also underscores the
importance of careful surgical planning, proper plate
positioning, and patient adherence to physiotherapy protocols
to optimize outcomes. For orthopedic surgeons, this
reinforces the value of LCPs as the treatment of choice for
managing intra-articular fractures of the distal radius.

Future research should focus on larger, multi-center studies
with extended follow-up periods to evaluate the long-term
outcomes of volar LCPs, including the risk of post-traumatic
arthritis and implant-related complications. Comparative
studies with other fixation methods, such as external fixation
and K-wire pinning, could provide a deeper understanding of
the relative benefits and limitations of each approach.
Additionally, exploring the use of newer plate designs and
techniques tailored for osteoporotic bone and complex
fracture patterns may further improve patient outcomes.
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