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Abstract

Introduction: The aim of our study is to evaluate the effect of volar locking
plate (VLP) removal on functional scores.

Methods: In this retrospective study, between January 2019 and January
2024, medical records of our institution were reviewed and patients who
underwent VLP removal were included in the study. Demographic cha-
racteristics of the patients, follow-up time until VLP removal and reasons
of VLP removal were evaluated from medical records. Preoperative and
postoperative 3rd month Disabilities of Arm, Shoulder and Hand (DASH)
scores were evaluated. Soong classification was performed on lateral wrist
radiographs.

Results: Thirty-eight patients (24 male, 14 female) patients were inclu-
ded in the study. The mean age of all patients was 51.23+15.6 years. The
mean time from VLP fixation to implant removal was 17.42+12.42 months.
Patients who underwent implant removal were evaluated according to the
Soong classification. 18 of the patients (%47.36) were grade 0, 16 of the
patients (%42.1) were grade 1 and 4 of the patients (%10.54) were grade
2. The most common removal reason was patient request (n=26, %68.42).
Preoperative mean DASH score was 19.1 and postoperative 3rd month
mean DASH score was 8.2. There was a significant difference between
preoperative and postoperative 3rd month DASH scores. (p<0.001) When
patients were asked whether they would choose to implant removed again if
they were in the same situation, %94.7 of the patients stated that they would
choose implant removal again.compared to those with only one previous
cesarean section (p=0.015).

Conclusion: VLP removal provided significant improvement in the pa-
tients’ functional outcomes. The most common reason for VLP removal
was patient request.
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Introduction

Distal radius fractures (DRF) are one of the
most common fracture in adults." The incidence of
DRF in the adult population is higher in women.
However, the incidence of DRF in adolescents is hig-
her in males.*® The most common cause of trauma in
the elderly population is falling from standing height
and osteoporosis is the most important risk factor.*
And the prevalence of DRF will continue to rise as
the elderly population increases.>®

Although the trend in the treatment of DRF is
towards surgery, the most frequently applied treatment
methods are non-operative methods.”® With the deve-
lopment of volar locking plates (VLP), the number
of surgically treated DRFs has increased. 16% of all
fractures requiring orthopedic surgical treatment are
DREF.? The advantages of VLP are more stable fixati-
on, shorter immobilization period and fewer compli-
cations.!®!" However, tendon irritation, nerve irritati-
on or infection may develop after VLP fixation.!*!*

If there are no complications, most surgeons
do not require VPL removal.'>'® A wide range of VLP
removal rates have been reported in different stu-
dies."™'® Although satisfactory results have been re-
ported in the surgical treatment of DRF with VLP, VLP
removal is required in some cases.!*?' Main reasons
of VLP removal are pain, tendon rupture, malunion,
infection, nonunion, tenosynovitis and tendon ruptu-
re.”? Reasons for VLP removal include patient request
and surgeon discretion, in addition to complications.*
Soong et al developed a classification system to de-
termine the risk of tendon rupture after VLP treat-
ment.** In our study, we aimed to evaluate the effect
of VLP removal on functional scores.

Material and Methods

Approval for the study was granted by the
institutional review board of the authors’ affiliated
institutions (Project number: TABED 1-24-186, date:
08.05.2024). All the researchers who participated in
the study signed the most recent version of the Hel-
sinki Declaration. All patients signed an informed
consent form.

In this retrospective study, between January
2019 and January 2024, medical records of our institu-
tion were reviewed and patients who underwent VLP
removal were included in the study. Patients over 18
years were included in the study. Patients requiring
additional fixation material, patients treated with any
material other than VLP, patients with bilateral DRF,

neurovascular injury, multiple trauma, pathological
fracture, previous DRF and patients with insufficient
medical records were excluded from the study. De-
mographic characteristics of the patients, follow-up
time until VLP removal and reasons of VLP removal
were evaluated from medical records.

All VLP removals were performed under
anesthesia. (general anesthesia or nerve block) And
modified henry approach was used. (Figure 1) Tour-
niquet was used for all surgeries. After VLP removal,
range of motion (ROM) exercises were allowed im-
mediately. Preoperative and postoperative 3rd month
Disabilities of Arm, Shoulder and Hand (DASH) sco-
res were evaluated.

Figure 1: Preoperative and postoperative radiograp-
hy of volar locking plate removal
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The PACS system was used for radiological
evaluations. And Soong classification was performed
on lateral wrist radiographs. Soong et al developed a
classification system based on the prominence of the
volar plate. Inthe Soong classification, a line is drawn
parallel to the volar cortex, starting from the volar rim
of the radius. If the volar plate is proximal to the line,
it is called grade 0. If the volar plate is at the same
level as the line, it is called grade 1. And if the volar
plate is distal to the line, it is called grade 2. (Figure 2)

Grade 0
Figure 2: Soong classification

Statistical analysis:

Statistical data analyses were performed
using SPSS 22.0 software (SPSS Inc., Chicago, IL,
USA). Categorical variables were compared using
the chi-square test. The suitability of continuous vari-
ables to normal distribution was examined by calcu-
lating skewness and kurtosis values. Continuous va-
riables with normal distribution were compared using
the independent samples t test, and continuous vari-
ables with non-normal distribution were compared
using the Mann-Whitney U test. Measurements taken
before and after the surgery were analyzed using the
dependent sample t test. The results were evaluated
within 95% confidence intervals, and P < 0.05 was
considered significant.

Results

Between January 2019 and January 2024, 44
volar plate removal were performed. Six patients did
not meet the inclusion criteria and they were exclu-
ded from the study. Thirty-eight patients (24 male,
14 female) patients were included in the study. The

mean age of all patients was 51.23+15.6 years. The
mean age of female patients was 50.64+15.75 years
and the mean age for male was 51.58+14.83 years.
Eighteen of the patients (10 male, 8 female) dominant
side was operated. The mean time from VLP fixation
to implant removal was 17.42+12.42 months. Implant
removal of 29 patients was performed within the first
2 years. (Table 1)

Table 1: Characteristics of Patients

Female Male (n=24) All
(n=14) patients (n=38)
Age 44.92+15.6 51.58+14.83 51.23+15.6
Side 8 left, 6 right 12 left, 12 right 20 left, 18 right
Dominant side 8 10 18

Mean time from

VLP fixation to 16.49+11.89  17.96+13.27 17.42+12.42
implant removal
Implant removal 14 15 29

in first 2 years

Patients who underwent implant removal
were evaluated according to the Soong classification.
18 of the patients (%47.36) were grade 0, 16 of the
patients (%42.1) were grade 1 and 4 of the patients
(%10.54) were grade 2.

The reasons of implant removal were evalua-
ted. And the most common reason was patient request
(n=26, %68.42). The other reasons were carpal tun-
nel syndrome (n=2, %5.26), screw joint penetration
(n=1, %2,64), pain (n=4, %10.53), foreign body sen-
sation (n=1, %2,63), stiffness (n=2, %5.26) and cold
intolerance (n=2, %5.26). Median nerve decompres-
sion was performed for the patients with carpal tun-
nel syndrome in the same session.

Clinical outcomes were evaluated with DASH
score. Preoperative mean DASH score was 19.1 and
postoperative 3 month mean DASH score was 8.2.
There was a significant difference between preope-
rative and postoperative 3 month DASH scores.
(p<0.001)

After implant removal only 2 minor compli-
cations were reported. One patient had superficial in-
fection and one patient had numbness on the incision.
Superficial infection was treated with oral antibioti-
cs. And numbness on the incision resolved within 6
months.

When patients were asked whether they
would choose to implant removed again if they were
in the same situation, %94.7 of the patients stated that
they would choose implant removal again.
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Discussion

In the current study, we determined that VLP
removal provided significant improvement in the pa-
tients’ functional outcomes. The most common reason
for VLP removal was patient request, and almost 90%
of the patients who underwent implant removal were
grade 0 or 1 according to the Soong classification.

There are studies in the literature indicating
different implant removal rates between 0% and
100% after distal radius fracture fixation.'” Whi-
le some surgeons perform routine implant removal,
some surgeons perform implant removal due to pa-
tient request or complications. Palola et al. determi-
ned that plate removal rates were over 20% between
1998 and 2004, but it decreased to less than 13% after
2008.% The reason of the implant removal rate dec-
rease was attributed to improvements in plate design
and increase in surgical experience. Yamamato et al.
reported that increase of the rate of implant removal
is associated with the increase of the complication
rate.'” In our study, we performed implant removal
due to patient request and complications. In previous
studies, the most common reason for implant removal
was pain.” In the current study, patient request was
the most common reason for implant removal and the
second most common reason was pain.

There are different reasons for VLP remo-
val like infection, tendon irritation, tendon rupture,
neurovascular injury, nerve irritation, non-union and
malunion. However, some patients want implant re-
moval without any clinical symptoms. Removals per-
formed without symptoms are called routine remo-
vals.!"” In many studies, the most common reason for
removal is routine removal. Lee et al. reported that
in their study routine removals accounted for %73.8
of all removals.? In our study, routine removal was
%68.42.

Flexor tendon irritation may develop due to
distally plate placement, especially in joint-related
and comminuted fractures. A higher rate of implant
removal is expected in patients with more distal VLP
placement. However, no difference was reported in
the implant removal rates of joint-related and commi-
nuted fractures.!” Therefore, we did not evaluate the
fracture types separately in our study.

According to the Soong classification, most
cases with grade 2 result in implant removal.? Selles
et al. reported that patients with grade 2 Soong clas-
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sification underwent 6 times more implant removal
than patients with grade 0.% In our study, we eva-
luated only patients who underwent VLP removal.
Therefore, we could not give implant removal rates
according to Soong classification. However, in line
with the literature, the majority of patients who un-
derwent implant removal were grade 0 or 1 accor-
ding to Soong classification.

Different studies have reported improvement
in functional outcomes with implant removal after
distal radius fracture fixation.? Lee et al. determined
significant improvement between preoperative and
postoperative DASH scores.? In the current study,
DASH score improved from 19.1 to 8.2. A signifi-
cant improvement in functional results was observed
in patients who underwent routine removal, as well
as in symptomatic patients. The increase in functi-
onal score with routine removal raises the question
of whether implant removal should be performed in
all suitable patients. However, this question can be
answered with larger studies.

Various complications may develop with
implant removal like infection, refracture, nerve in-
jury and tendon injury. Additionally, locking plate
designs may cause difficulties in implant removal.*
We encountered 2 minor complications in our study.
One patient had superficial infection and one patient
had numbness on the incision. Superficial infection
was treated with oral antibiotics. And numbness on
the incision resolved within 6 months.

Our study have some limitations. Firstly, dif-
ferent types of VLP removed. But they were not eva-
luated separately. Secondly, only functional outco-
mes of the patients who underwent implant removal
were evaluated. We did not have implant retention
group. Thirdly, the fracture patterns of the patients
included in the study were not evaluated separately.
Different fracture types may affect functional outco-
mes. More valuable data can be obtained with larger
patient groups.

Conclusion

VLP removal provided significant improve-
ment in the patients’ functional outcomes. The most
common reason for VLP removal was patient request.



ACH Medical Journal

x

ACH

References

1. Court-Brown CM, Caesar B. Epidemiology of adult
fractures:va review. Injury 2006;37(8):691-697.

2. Hagino H, Yamamoto K, Ohshiro H, Nose T. Incre-
asing incidence of distal radius fractures in Japanese
children and adolescents. J Orthop Sci2000;5(4):356—
360.

3. Flinkkila T, Sirnio K, Hippi M, Hartonen S, Ruuhe-
la R, Ohtonen P, Hyvonen P, Leppilahti J. Epidemio-
logy and seasonal variation of distal radius fractures
in Oulu, Finland. Osteoporos Int 2011;22(8):2307—
2312.

4. Hevonkorpi TP, Launonen AP, Huttunen TT, Kan-
nus P, Niemi S, Mattila VM. Incidence of distal radius
fracture surgery in Finns aged 50 years or more betwe-
en 1998 and 2016 — too many patients are yet opera-
ted on? BMC Musculoskelet Disord 2018;19(1):70.
5. Baron JA, Karagas M, Barrett J, Kniffin W, Ma-
lenka D, Mayor M, Keller RB. Basic epidemiology
of fractures of the upper and lower limb among
Americans over 65 years of age. Epidemiology
1996;7(6):612—-618.

6. Levin LS, Rozell JC, Pulos N. Distal Radi-
us fractures in the elderly. J] Am Acad Orthop Surg
2017;25(3):179-187.

7. Huetteman HE, Shauver MJ, Malay S, Chung TT,
Chung KC. Variation in the treatment of distal radius
fractures in the United States: 2010 to 2015. Plast Re-
constr Surg 2019;143(1):159-167.

8. Mellstrand-Navarro C, Pettersson HJ, Tornqvist H,
Ponzer S. The operative treatment of fractures of the
distal radius is increasing: results from a nationwide
Swedish study. Bone Jt J 2014;96-B(7):963-969.

9. Ruch DS, McQeen MM (2015) Distal radius and
ulna fractures. In: Bucholz RW, Beaty JH, Rockwood
CA, Jr; Green DP (eds) Rockwood and Green’s fra-
ctures in adults, 2015;vol 1, 7th edn. Wolter Kluwer
Health/Lippincott, Wiliams & Wilkins, Philadelphia.
10. Jeudy J, Steiger V, Boyer P, Cronier P, Bizot P,
Massin P. Treatment of complex fractures of the dis-
tal radius: a prospective randomised comparison of
external fixation ‘versus’ locked volar plating. Injury
2012;43(2):174-179.

11. McFadyen I, Field J, McCann P, Ward J, Nicol
S, Curwen C. Should unstable extra-articular dis-
tal radial fractures be treated with fixed-angle vo-
lar-locked plates or percutaneous Kirschner wires?
A prospective randomised controlled trial. Injury
2011;42(2):162-166.

12. Gyuricza C, Carlson MG, Weiland AJ, Wolfe SW,
Hotchkiss RN, Daluiski A. Removal of locked volar
plates after distal radius fractures. J Hand Surg Am
2011;36(6):982-985.

13. Alter TH, Sandrowski K, Gallant G, Kwok M,
Ilyas AM. Complications of volar plating of distal
radius fractures: a systematic review. J Wrist Surg
2019;8(3):255-262.

14. Musgrave DS, Idler RS. Volar fixation of dor-
sally displaced distal radius fractures using the 2.4-
mm locking compression plates. J Hand Surg Am
2005;30(4):743-749.

15. Dennison DG. Distal radius fractures and tita-
nium volar plates: should we take the plates out? J
Hand Surg Am 2010;35(1):141-143.

16. Busam ML, Esther RJ, Obremskey WT. Hardwa-
re removal: indications and expectations. ] Am Acad
Orthop Surg 2006;14(2):113-120.

17. Yamamoto M, Fujihara Y, Fujihara N, Hirata H. A
systematic review of volar locking plate removal after
distal radius fracture. Injury 2017;48(12):2650-2656.
18. Arora R, Lutz M, Hennerbichler A, Krappinger D,
Espen D, Gabl M. Complications following internal
fixation of unstable distal radius fracture with a pal-
mar locking-plate. J Orthop Trauma 2007;21(5):316—
322.

19. Berglund LM, Messer TM. Complications of vo-
lar plate fixation for managing distal radius fractures.
J Am Acad Orthop Surg 2009;17(6):369-377

20. Gyuricza C, Carlson MG, Weiland AJ, Wolfe SW,
Hotchkiss RN, Daluiski A. Removal of locked volar
plates after distal radius fractures. J Hand Surg Am
2011;36(6):982-985.

21. Satake H, Hanaka N, Honma R, Watanabe T,
Inoue S. Complications of distal radius fractures
treated by volar locking plate fixation. Orthopedics
2016;39(5):e893—e896.

22. Snoddy MC, An TJ, Hooe BS, Kay HF, Lee DH,
Pappas ND. Incidence and reasons for hardware re-
moval following operative fixation of distal radius
fractures. J Hand Surg Am 2015;40(3):505-507.

23. Tan A, Chong A. Reasons for implant removal af-
ter distal radius fractures. J Hand Surg Asian-Pacific
2016;21(3):321-325.

24. Soong M, Earp BE, Bishop G, Leung A, Bla-
zar P. Volar locking plate implant prominence
and flexor tendon rupture. J Bone Joint Surg Am.
2011;93(4):328e335.

094



Volar Locking Plate Removal

ACH

25. Palola V, Ponkilainen V, Huttunen T, Launonen
A, Mattila VM. Incidence for volar locking plate re-
moval following distal radius fracture surgery. Arch
Orthop Trauma Surg. 2021 Aug;141(8):1297-1302.
26. Selles CA, Reerds STH, Roukema G, van der
Vlies KH, Cleftken BI, Schep NWL. Relationship
between plate removal and Soong grading following
surgery for fractured distal radius. J Hand Surg Eur
Vol. 2018 Feb;43(2):137-141.

27. Lutsky KF, Beredjiklian PK, Hioe S, Bilello J,
Kim N, Matzon JL. Incidence of hardware removal
following volar plate fixation of distal radius fracture.
J Hand Surg Am 2015;40(12):2410-2415.

28. Rubensson CC, Ydreborg K, Boren L, Karlander
LE. Flexor tendon repair after rupture caused by volar
plate fixation of the distal radius. J Plast Surg Hand
Surg 2015;49(2):112—115.

29. Lee JK, Lee Y, Kim C, Kim M, Han SH. Volar lo-
cking plate removal after distal radius fracture: a 10-
year retrospective study. Arch Orthop Trauma Surg.
2021 Oct;141(10):1711-1719.

30. Vos DI, Verhofstad MH. Indications for implant
removal after fracture healing: a review of the litera-
ture. Eur J Trauma Emerg Surg 2013;39(4):327-337.

095



