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Abstract

Introduction Distal radius fracture (DRF) is the most common upper extremity fracture. After the introduction of volar lock-
ing plate (VLP) fixation, treatment has shifted from conservative management to more operative management. The implant
removal rate after VLP fixation in patients with DRF varies and the reasons for removal and associated patient characteristics
have not been clearly defined. This study aimed to compare the characteristics of patients who underwent VLP with and
without subsequent implant removal. Second, the rate of implant removal according to the implant position and type was
investigated. Finally, we summarized clinical outcome with implant removal, the reasons for, and complications associated
with implant removal.

Methods In this retrospective study, patient data were collected between January 1, 2008, and December 31, 2017. The study
population was divided into two groups based on subsequent implant removal. Data on patient characteristics, such as age,
sex, comorbidities, side of the fractured arm, the AO Foundation and Orthopaedic Trauma Association classification of the
DREF, plate position grade based on the Soong classification type, type of inserted plate, insurance coverage, and treatment
costs were collected. Furthermore, we investigated the reason for implant removal, clinical outcomes, and post-removal
complications.

Results After applying the exclusion criteria, 806 patients with a total of 814 DRFs were included in the study. Among the
806 patients who underwent VLP fixation for DRF, 252 (31.3%) patients underwent implant removal. Among the patients
undergoing implant removal, the mean age was 50.8 + 14.0 years, 94 (37.3%) were male. The average time to implant removal
from the fracture fixation was 12.1+9.2 months (range 1-170 months). When comparing groups, patients who underwent
implant removal were significantly younger and had fewer cases of diabetes, hypertension, and cancer history. According
to the Soong plate position grade, the most common position was G1 in both groups. Although there was no significant
difference (p=0.075), more G2 cases were found in the removal group (15.0%) than in the retention group (10.2%). About
66.5% of the patients with implant removal had other health insurance as well as the national service, compared with 47%
of the patients with implant retention. In total, 186 patients (73.8%) underwent implant removal despite being asymptomatic
after the bony union. The patient satisfaction scores improved from 4.1 to 4.4 after implant removal, and 93% of the patients
answered that they would choose implant removal again. Only 10% of the patients who underwent removal reported minor
complications. No major complications were reported.

Conclusion Although the implant removal was conducted without clinical symptoms in the majority of patients, overall
patients presented improved functional outcomes with implant removal. The evidence is inconclusive regarding its neces-
sity, however, implant removal after VLP fixation for DRF is not a challenging procedure and is not associated with major
complications.
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Introduction

Distal radius fractures (DRFs) accounts for approximately
16% of all fractures treated by orthopaedic surgeons [1].
They are the most commonly encountered fracture in
the emergency department, and more than 640,000 are
reported annually in the United States alone [2]. Although
the majority of DRF management strategies involve non-
operative methods, a significant trend towards surgical
treatment has been noted [3-5], largely explained by the
introduction of volar locking plate (VLP) fixation which
is associated with benefits including stable fixation, short
immobilization period, and few complications [6, 7].
However, after plate fixation of the distal radius, adverse
outcomes may include infection, tendon irritation, articu-
lar violation, or nerve irritation and most of these events
require removal of the inserted VLP [8—10]. In the absence
of complications, many surgeons have insisted that the
inserted VLP does not need to be removed [11, 12]. Nev-
ertheless, site-specific removal rates vary greatly from 0 to
100% [13-17]. In some cases, plate removal is performed
at the patient’s request or the surgeon’s discretion in the
absence of any clinical symptoms [18, 19].

This study aimed to compare characteristics of patients
who underwent VLP fixation with and without subsequent
implant removal. Second, the rate of implant removal
according to the implant position and type was investi-
gated. Finally, we summarized clinical outcome after
implant removal, the reasons for removal, and the associ-
ated complications.

Materials and methods
Study design, setting, and participants

This retrospective single-centre cohort study was per-
formed in compliance with the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines [20]. The study design was approved by the
local institutional review board. The patient data were col-
lected between January 1, 2008, and December 31, 2017.
A highly experienced hand surgeon, according to levels
of experience previously defined, conducted all surgeries
[21]. During the procedure, the surgeon performed VLP
fixation for DRFs using a modified Henry approach to the
fractured distal radius in-between the flexor carpi radialis
(FCR) and the tendons of the brachioradialis. Regarding
the inserted VLP, only one manufacturer (DePuy Synthes
Co., Solothurn, Switzerland) was used, but different types
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of plates were used depending on the fracture patterns per
the surgeon’s discretion.

Two separates orthopaedic surgeons collected the data.
During the study period, 1455 patients were diagnosed
with DRF and treated operatively. Only patients with VLP
fixation were included, and those with other treatment
modalities, such as closed pinning, external fixation, dor-
sal plate fixation, and screw-only fixation, were excluded.
The patients aged < 18 years were also excluded. During
data analysis, the patients with insufficient information due
to loss of medical records, those for whom data were not
consistently recorded, and those with missing data regard-
ing confirmation of medical comorbidities were excluded.
Patients who were lost to follow-up before the bony union
was achieved were also excluded.

Implant removal

The same surgeon performed implant removal after adminis-
tration of anaesthesia (general, brachial plexus block, or bier
block). Using a previously reported approach, the inserted
plate was extracted under tourniquet inflation. A simple
soft dressing was applied postoperatively, and immediate
range of motion (ROM) exercises were allowed. Intravenous
or oral antibiotics were routinely prescribed for less than
1 week.

Variables, data sources and measurement

The study population was divided into two groups based on
subsequent implant removal. Data on patient characteristics,
such as age, sex, side of the fractured arm, and comorbidi-
ties (diabetes, hypertension, angina or myocardial infarction,
nephropathy or dialysis history, hypo- or hyper-thyroidism,
and cancer) were collected from medical data base. For the
radiologic evaluation, the AO Foundation and Orthopaedic
Trauma Association (AO/OTA) classification of the DRF
was assessed based on plain X-ray or computed tomography.
For plate prominence grading associated with the watershed
line in postoperative lateral plain X-ray, the Soong classifi-
cation system was used [22], and the product name of the
inserted plate was obtained. The insurance coverage for
the DRF treatment was attempted to be investigated in all
included patients.

Depending on groups, we attempted to compare regarding
basic characteristics, comorbidity, AO/OTA classification,
Soong grade, plate types, and insurance coverage.

Further investigation into the implant removal group
was conducted. For functional evaluation, the patients with
subsequent implant removal were assessed with the Dis-
abilities of the Arm, Shoulder, and Hand (DASH) score
prior to the operation. The DASH score was assessed again
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after implant removal during the outpatient follow-up
before the end of treatment.

The treatment cost for implant removal was also investi-
gated. When possible, the patient was contacted by phone,
and further follow-up was conducted by two different
orthopaedic surgeons during study investigation period.
The reason for implant removal, clinical outcomes, and
post-removal complications were investigated.

The reasons for implant removal were investigated from
the medical chart review and through follow-up conducted
via telephone. The reasons were classified into seven cat-
egories, including removal without clinical symptoms,
nerve-related issues, tendon-related issues, implant-related
issues, problems with osteosynthesis, part of another pro-
cedure, and others.

From the telephone phone survey, the personal satis-
faction of each patient was assessed through two ques-
tions. First, ‘“‘How would you describe the overall result
of your treatment considering how you felt before implant
removal and now, after implant removal??’’. The possi-
ble responses were ‘‘very satisfied (5)’’, ‘‘satisfied (4)”’,
‘‘average (3)’’, “‘poor (2)’’, and very poor (1)”. The sec-
ond question was, ‘“Would you undergo implant removal
again in the same situation?’’ The possible answers were
‘‘yes’ or ‘‘no’’.

Finally, we investigated any complications associated
with implant removal and classified them as major and
minor complications. The major complications included
failure to remove a plate despite an attempt, refracture,
tendon and neurovascular damage, decrease in the wrist
ROM after implant removal, and deep infection. The minor
complications included broken screws that remained at
the implant site, superficial infection, post-operative pain,
tenosynovitis, neuritis-like transient tingling sensation,
and dissatisfaction with the operative scar.

Statistical analysis

The summary statistics are presented as mean =+ standard
deviation (SD) or numbers and percentages. Pearson’s chi-
square test and Fisher’s exact test were used to compare
the categorical variables and Student’s ¢ test was used
for comparison of continuous variables between groups.
Before Student’s ¢ test was performed, a normality test
(Shapiro—Wilk test) was performed. The paired Student’s ¢
test or Wilcoxon signed-rank test were performed in cases
of paired continuous variables depending on normality
tests result. A p value of less than 0.05 was considered
statistically significant. With software R (v. 3.1.0; The R
Foundation, Vienna, Austria), the statistical evaluation
was conducted.

Results

Finally, 806 patients with a total of 814 DRFs were
included in the study with a minimum postoperative fol-
low-up duration of 4 months (Fig. 1).

Among the 806 patients who underwent VLP fixa-
tion for DRFs, 252 (31.3%) patients underwent implant
removal. The average time to implant removal from the
initial open reduction and internal fixation (ORIF) was
12.1 +9.2 months (range 1-170 months). The mean oper-
ation time for implant removal was 28.8 +9.9 min. The
average hospital stay was 2.2 + 1.9 days and the average
medical cost per patient was 616.6 USD (range 0-1594
USD) from admission to discharge.

All implants were manufactured by the same company
(Depuy Synthes Co., Solothurn, Switzerland) with five dif-
ferent types of titanium plates used, including the 3.5-mm
locking compression plate (LCP) T-plate, 2.4-mm variable
angle LCP (VA-LCP) two-column volar distal radius plate,
2.4-mm LCP distal radius system (LDRS)/extra-articular,
2.4-mm LDRS/juxta-articular, and 2.4-mm VA-LCP volar
rim distal radius plate.

Comparison between implant removal
and retention

The patients who underwent implant removal were sig-
nificantly younger (50.8 + 14.0 years) compared to those
who retained their implant (62.0 + 13.4 years, p <0.001).
In the group with the implant removal, the male ratio was
37.3%, which was higher than the male ratio of 30.7% in
the retention group, but there was no statistical difference.
There were no differences between the two groups in terms
of the fractured arm (Table 1).

When comparing the comorbidities between the
two groups, patients who underwent implant removal
presented with a significantly lower rate of diabetes
(»=0.001), hypertension (p <0.001), and any type of can-
cer (p =0.004) than those who retained the implant. In the
radiologic comparison, there was no difference in the AO/
OTA classification between the groups. In terms of plate
prominence according to Soong classification, the most
common type was G1 in both groups. Although there was
no statistical difference (p =0.075), the G2 type tended to
be more common in the removal group (15.0%) compared
to the retention group (10.2%) (Table 2).
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Overall 1455 patients of
surgically treated DRF

ﬁixclusion of patients treated other methods \

1242
patients

| Only screw (n=27, 1.9%)

(n=213, 14.6%)

* Closed pinning only (n=148, 10.2%)
+ External fixator (n=23, 1.6%)

» Dorsal plate fixation (n=135, 1.0%)

Gunher exclusion (n=436) \

\

Overall 806 patients with 814
DRFs

/

Plate retention
560 DRFs in 554 patients

Fig. 1 Flow diagram for patient selection

Comparison depending on plate type

There was a statistical difference in the implant removal
rate depending on plate design (Table 3).

A relatively lower implant removal rate was observed
for patients who received the 2.4-mm LDRS/extra-articular
plate (21.6% [16 out of 74]) compared to those who received
the other types of plates. In contrast, higher removal rates
were observed in patients with the LDRS/juxta-articular
plate (51.4% [18 out of 35]) and the VA-LCP volar rim
plate (100% [2 out of 2]). Given the overall average time
to implant removal, 12.1 months, between fracture fixation
and implant removal, the average time in patients with the
LDRS/juxta-articular plate and VA-LCP volar rim plate was
shorter with 249.4 and 244.0 days, respectively.

Insurance coverage

In total, insurance coverage was verified for 185 of the 252
patients (73.4%) with plate removal and 332 of the 560
patients (59.9%) with plate retention. Comparing the insur-
ance coverage for which patients were benefited, there was
statistically different between groups (p <0.001) (Table 4).
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K. Lost to follow-up before bony union (n=159))

+ Age under 18-year-old (n= 25)
+ Insufficient information
- Medical records loss (n=38)
- Not faithfully recorded (n=63)
- Not medical morbidity reported (n=151)

(Plate removal \

254 DRFs in 252 patients

Assessment

¢ Medical records and radiograms in all 252 patients

* DASH score. pre and postremoval. recordedin 207
patients

* Phone survey answered in 165 patients )

Among plate removal patients, 46.5% disclosed that they
had private health insurance which would cover the entire
cost for implant removal compared to 31.0% in the patients
with implant retention. In contrast, 53.0% of the patients
with plate retention declared that they only had national
health insurance coverage compared with 33.5% in the
plate removal group. Industrial accident insurance coverage
paid for implant removal cost in 11.9% of the total implant
removal cases compared to coverage in 2.4% of the patients
with plate retention.

Reasons for implant removal

Eighteen reasons for implant removal were identified and
assigned to one of the seven defined categories. Overall,
186 (73.8%) patients (73.8%) underwent implant removal
without clinical symptoms after bony union. The other rea-
sons reported were carpal tunnel syndrome (n= 13 patients,
5.2%), combination with removal of other implants (n=13
patients, 5.2%), unclear source of discomfort or pain (n=12
patients, 4.8%), and foreign body sensation (n=28 patients,
3.2%) in orders of ratio (Table 5). Among 13 patients with
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Table 1 Comparison of patients between implant removal (group 1)
and retention (groups 2)

Group 1 Group 2 P
(N=252) (N=554)
Basic characteristics
Age 50.8+14.0 620+134 <0.001
Gender 0.076
Men 94 (37.3%) 170 (30.7%)
Women 158 (62.7%) 384 (69.3%)
Fractured arm 0.634
Right 118 (46.8%) 251 (45.3%)
Left 131 (52.0%) 295 (53.3%)
Both 3(1.2%) 8 (1.4%)
Comorbidity
Diabetes 0.001
None 244 (96.8%) 498 (89.9%)
Yes 8(3.2%) 56 (10.1%)
Hypertension <0.001
None 228 (90.5%) 395 (71.3%)
Yes 24 (9.5%) 159 (28.7%)
Angina or myocardial infarction 0.350
None 246 (97.6%) 532 (96.0%)
Yes 6 (2.4%) 22 (4.0%)
COPD or asthma 0.733
None 249 (98.8%) 544 (98.2%)
Yes 3(1.2%) 10 (1.8%)
Thyroid disease 0.825
None 247 (98.0%) 540 (97.5%)
Yes 5(2.0%) 14 2.5%)
Rheumatoid arthritis 0.585
None 252 (100.0%) 551 (99.5%)
Yes 0 (0.0%) 3(0.5%)
Dialysis 0.417
None 252 (100.0%) 550 (99.3%)
Yes 0 (0.0%) 4(0.7%)
Cancer 0.004
None 252(99.2%) 525 (94.8%)
Yes 2 (0.8%) 29 (5.2%)

COPD chronic obstruction pulmonary disease

carpal tunnel syndrome, carpal tunnel release was performed
together with implant removal in 11 (4.4%) patients.

Clinical outcomes

In 207 (82.1%) of the 252 patients who underwent implant
removal, the pre- and post-operative DASH scores were
obtained. The post-operative DASH scores were assessed
on average 5.5 weeks after implant removal (range
2 weeks—15 months). The average pre-operative DASH score
of 16.1 (range 0-70.8) improved to 5.1 at the final follow-up

Table2 Comparison of AO Foundation and Orthopedic Trauma
Association (AO/OTA) classification between implant removal
(group 1) and retention (groups 2)

Group 1 Group 2 )4
(N=254) (N=560)
AO/OTA classification 0.676
A
A2 13 (5.1%) 31 (5.5%)
A3 21 (8.3%) 38 (6.8%)
B
B1 2 (0.8%) 2 (0.3%)
B2 18 (7.1%) 41 (7.3%)
B3 9 (3.5%) 15 (2.7%)
C
Cl1 14 (5.5%) 29 (5.2%)
C2 55 (21.7%) 156 (27.9%)
C3 122 (48.0%) 248 (44.3%)
Soong grade 0.075
0 71 (27.9%) 188 (33.6%)
1 145 (57.1%) 315 (56.2%)
2 38 (15.0%) 57 (10.2%)

after implant removal (range 0-43.3; p<0.001). Among the
252 patients, 165 (66%) completed a follow-up phone sur-
vey. Among 165 respondents, the satisfaction score average
was 4.1+0.9 (range 1-5) immediately preceding the implant
removal and 4.4 (range 1-5) at the time of the phone survey,
which indicates a significant improvement (p <0.001). Among
the 165 patients questioned, 153 (93%) patients answered
“yes’” when asked if they would undergo implant removal
again under the same conditions.

Complications after implant removal

During outpatient follow-up, none of the patients experienced
major complications. Minor complications were reported
for 26 (10%) patients (Table 6). Six patients complained of
newly developed postoperative pain with subsidence during
outpatient follow-up. Five patients complained of numbness
or tingling sensations along the median nerve or around the
operative scar. Five patients were rather dissatisfied with their
operative scar after the implant removal. Prior to implant
removal, 12 patients requested removal due to an unclear
source of discomfort or pain, and 3 patients complained of
persistent pain even after implant removal (1.2%).

Discussion
Among 806 patients who underwent VLP fixation for DRFs,

252 patients underwent plate removal during the 10-years
study period. When comparing patient characteristics

@ Springer
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Table 3 Implant removal rates
depending on plate types

Group Removal Retention Total p value
(N=254) (N=560)
Plate design 0.006
3.5 mm LCP T-plate 31 (33.0%) 63 (67.0%) 94
2.4 mm VA-LCP Two Column Volar DRP 187 (30.7%) 422 (69.3%) 609
2.4 mm LDRS, Extra-articular 16 (21.6%) 58 (78.4%) 74
2.4 mm LDRS, Juxta-articular 18 (51.4%) 17 (48.6%) 35
2.4 mm VA-LCP Volar Rim DRP 2 (100.0%) 0 (0.0%) 2

LCP locking compression plate, VA variable angle, DRP distal radius plate, LDRS LCP distal radius system

Table 4 Insurance coverage for distal radius fracture treatment
between implant removal (group 1) and retention (groups 2)

Group Group 1 Group 2 p
(N=185) (N=332)
Insurance <0.001
National health 62 (33.5%) 176 (53.0%)
Private health 86 (46.5%) 103 (31.0%)
Social welfare program 6 (3.2%) 16 (4.8%)
Industrial accident 22 (11.9%) 8 (2.4%)
Car 9 (4.9%) 29 (8.7%)

between the removal and retention groups, the patients who
underwent implant removal were younger and had lower
rates of diabetes, hypertension, and cancer. Although there
was no statistical difference, the patients who underwent
implant removal tended to have higher rates of grade 2 plate
prominence according to Soong classification. There were
higher rates of private health insurance coverage in patients
who underwent plate removal. In 186 (73.8%) patients, plate
removal was performed in the absence of any clinical symp-
toms. Juxta-articular and volar rim plates were associated
with higher removal rates. Overall, the patient satisfaction
score improved from 4.1 to 4.4 after implant removal. In
total, 93% of the patients in the removal group who partici-
pated in the follow-up interview answered that they would
choose implant removal again if they were in the same situ-
ation. No major complications were reported, but several
minor complications were reported in 10% of the patients
who underwent plate removal.

Researchers have speculated on the characteristics of the
patients who undergo implant removal compared to those
who opt for retention. Our results show that the patients
who underwent removal were younger, by 10 years, than
the patients who did not. In addition, although not statis-
tically significant, men showed a higher rate of removal.
Moreover, lower rates of diabetes, hypertension, and cancer
were reported among the patients who underwent removal.
These results suggest that this may be a more active cohort.
Therefore, we posit that the removal rate is higher among
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Table 5 Reasons for implant removal

Number Rate (%)
Removal without clinical symptom 186 73.8
Nerve related 13
Carpal tunnel syndrome 13 52
Carpal tunnel release combined 11 4.4
Tendon related 4
EPL rupture 2 0.8
FPL tendon rupture 1 0.4
Flexor tendon adhesion 1 0.4
Implant related 3
Broken screw 1 0.4
Screw joint penetration 2 0.8
Osteosynthesis problem 2
Malunion 1 0.4
Nonunion 1 0.4
Part of another procedure 18
Multiple implant removal 13 52
Other combined operation 5 2.0
Trigger finger 1 0.4
Medial epicondylitis 1 0.4
Forearm mass excision 1 0.4
Scar revision 2 0.8
Others 26
Pain 12 4.8
Foreign body sensation 8 3.2
Plate palpation 1 0.4
Stiffness 3 1.2
Cold intolerance 2 0.8
Total 252

patients with higher activity levels, regardless of the clinical
symptoms.

There was no fracture pattern difference between the
groups according to the AO/OTA classification. In a type
C fracture, the distal screw must purchase the distal articu-
lar fragment and, therefore, it is usually necessary to place
the plate very distally, which can irritate the flexor tendon
[23]. Therefore, one would expect a higher rate of implant
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Table 6 Complications with implant removal

Number Rate (%)
Major
Plate removal failure 0 0
Refracture 0 0
Tendon rupture 0 0
Neurovascular injury 0 0
Wrist range of motion limitation 0 0
Deep infection 0 0
Minor
Broken screw remains 2 0.8
Superficial infection 2 0.8
Wound dehiscence 1 0.4
Newly developed pain 6 24
Persistent preoperative pain 3 1.2
Tenosynovitis 2 0.8
Transient neuritis 5 2.0
Scar dissatisfaction 5 2.0

Overall 26 incidences in 252 patients (10.3%)

removal for type C fractures. However, no difference was
detected in the current study, which corroborates the results
from a previous systematic review [13]. One possible expla-
nation is that the difference could be diluted as so many
implants were removed in asymptomatic patients, which
may have developed tendon irritation, had the implant been
left. Furthermore, the AO classification groups various frac-
ture types together within the C-fractures. Not all these frac-
tures require a very distal position of the plate.

Based on the Soong classification of plate position promi-
nence, more grade 2 cases tended to end in removal. Sellas
et al. reported a six times higher plate removal rate among
patients with grade 2 prominence compared to that for grade
0 prominence [24].

Regarding the plate type, we found higher removal rates
associated with the juxta-articular and volar Rim plates,
which were designed to be placed distally to purchase the
distal fragment, resulting in Soong classification grade 2
[22] and concern for flexor tendon irritation. If this position
is required for fixation, some studies suggest that subsequent
removal should be planned after bony union [25, 26]. Asa-
dollash and Keith reported 21 cases of flexor tendon injuries
within an average of 9 months from fracture surgery [27].
In the present study, these two types were removed within
an average of 8 months. Rather than the patient’s clinical
symptoms, the surgeon’s concern and discretion might have
affected these outcomes. However, flexor tendon injuries
were not reported in patients who retained the juxta-articular
plates.

Although there is a small variation depending on the tier
of the hospital, the operation costs associated with implant

removal in the study setting averaged 179 USD. The cost
for hospital stay during implant removal and recovery aver-
aged 616.6 USD. In Korea, the patient is asked to pay 20%
of the total cost under the national health insurance service
plan. However, about 66.5% of the patients who underwent
implant removal had additional health insurance compared
with 47% of the patients who retained the implant. There
was a significant difference regarding insurance coverage
between the groups, especially regarding private health and
industrial accident insurance coverage. These findings sug-
gest that patients are more likely to have implant removal if
they have no economical burden even in the absence of clini-
cal symptoms. Those that would have had to pay themselves
more often retained the implant. Insurance coverage seems
to influence the rate of plate removal.

There are some conditions requiring the removal of
the inserted volar plate including infection, tendon irrita-
tion, articular violation, non-union or malunion, and nerve
irritation [8—10, 28]. However, some patients opt for plate
removal without significant adverse symptoms, despite
the lack of evidence regarding the advantages. Yamamoto
et al. defined removal without clinical symptoms as rou-
tine removal [13, 18, 29]. In our study, 186 (73.8%) patients
(73.8%) underwent implant removal without clinical symp-
toms after bony union.

Studies have reported functional improvement and
decreased pain associated with implant removal in patients
with DRFs [19, 30, 31]. In our study, the average preopera-
tive DASH score (16.3) improved at the final follow-up (5.1).
The majority of patients had implant removed without symp-
toms, therefore, the DASH improvement could be due to the
removal itself. For the other patients who removed plate with
specific reasons, another explanation may be that the patients
with poor functional ability before implant removal experi-
enced complications associated with VLP fixation, includ-
ing tendon ruptures, screw joint penetration, malunion and
non-union, and carpal tunnel syndrome. Proper management
of complications and implant removal could have resulted
in improved functional scores. Finally, among 165 respond-
ents, the satisfaction score average was 4.1 +0.9 (range 1-5)
immediately preceding the implant removal and 4.4 (range
1-5) at the time of the phone survey and 153 (93%) patients
answered “yes’” when asked if they would undergo implant
removal again under the same conditions.

It is possible to develop complications as a result of
implant removal, and the use of the locking system in
fracture management presents technical challenges during
removal [8, 19, 32, 33]. One of the main reasons oppos-
ing removal in asymptomatic patients is that it could cause
problems such as refracture, nerve damage, infection, tendon
injury, and development of new pain [12, 18]. After defining
the possible complications as major or minor, we did not find
any major complications associated with implant removal,
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and the VLPs were removed without incidence except for
two cases where a broken screw remained. In total, only 10%
of the patients reported minor complications which were
all transient and resolved during the out-patient follow-up.

There are some limitations to the study that must be
considered. All surgeries, VLP fixation, and removal were
performed by a single hand surgeon. Therefore, implant
removal outcomes were based on one surgeon’s experi-
ence at a single-centre. In addition, we could not compare
clinical outcomes with patients who did not undergo plate
removal. The functional outcome measurements were self-
reported in the medical chart, and additional data were col-
lected by phone interview during the study. In addition, we
encountered difficulties in attempting to assess information
in elderly patients who could not participate in the telephone
interview.

Our study showed that implant removal is more often per-
formed in a young and healthy cohort. Although the implant
removal was conducted without clinical symptoms in the
majority of patients, overall patients presented improved
functional outcomes with implant removal. The evidence
is inconclusive regarding its necessity, however, implant
removal after VLP fixation for DRF is not a challenging
procedure and is not associated with major complications.
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