—_—

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Management of pediatric volar plate avulsion fractures of the
proximal interphalangeal joint: A systematic review

ABSTRACT

Background: Sudden, forced hyperextension injuries to the proximal interphalangeal
joint leading to volar plate avulsion fractures are common hand injuries in children.
Suboptimal management of these fractures can lead to the development of long-term

complications such as stiffness and flexion contracture.

Methods: MEDLINE (PubMed), Scopus, Embase, Google Scholar and Cochrane
CENTRAL databases were systematically searched, and additional studies were
found through reference of papers up to 15th June 2023. Identified articles were

assessed using pre-determined inclusion/exclusion criteria.

Results: Twenty-five articles were included, involving 268 patients with ages from 3
to 17 years. Fractures with less than 30% joint involvement, classified as Eaton Type
| or Il, or designated as ‘Stable’ in the Keifhaber-Stern classification, were treated
through non-surgical means. Surgical interventions, encompassing open reduction
and internal fixation, were reserved for fractures with over 30% joint involvement
and/or meeting criteria such as Eaton Type llla or lllb and Keifhaber-Stern “Tenuous”
or “Unstable”. Positive outcomes were seen in 99.5% of patients receiving non-

surgical treatment, compared with 85.7% in the surgical cohort.

Conclusions: The literature demonstrated positive outcomes for fractures presenting
with less than 30% joint involvementthat were managed non-surgically. In fractures
with more than 30% jointinvolvement, surgical interventions yielded positive results.
To further substantiate these findings, larger prospective studies with uniform

measures are needed to validate the results of this study.



26
27 Keywords: volar plate avulsion fractures; palmar plate avulsion fracture; children;

28 management; proximal interphalangeal joint



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

INTRODUCTION

Hand trauma affecting the phalanges is one of the most common injuries in children.’
Household activity is responsible for the majority of these injuries in younger children
whereas sports activities is known to be the common causative agent in older
children.2 Abrupt hyperextension injuries to the proximal interphalangeal joint (PIPJ)
constitute a considerable proportion of injuries to the hand, leading to volar plate

avulsion fractures.34

Despite a relatively high frequency of thisinjury in children, existing data on the
management of volar plate avulsion fractures is scarce and is predominantly focused
on the adult population.®>7 As a result, recommendations on the management of these
fractures in the pediatric population are often guided by clinical experience. The
Keifhaber-Stern and Eaton classification*® are the most widely accepted
classifications forvolar plate avulsion injuries that may offer assistance in the
management of pediatric fractures, particularly on the indications for non -surgical and
surgical management. For fractures defined as ‘Stable’ or ‘Tenuous’ under the
Keifhaber-Stern classification or Type | to Illa under Eaton’s classification,
conservative extension block splinting and early mobilization is advocated.*7:8
‘Unstable’ fractures under the Keifhaber-Stern classification or Eaton Type lllb are

deemed irreducible and require surgical treatment.

Although the rate of complication is rare, the development of joint stiffness and
flexion can cause serious long-term aesthetic and functional implications for the
patient.4® Patients who experience mismanagement or delayed treatment may also

experience compromised PIPJ motion, late joint dislocation and joint deformity.2:4:10.11
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In thisway, presence of complications may also be associated with how such fractures
are classified and subsequently treated, thus a closer inspection of the relationship

between these factors particularly in the pediatric population is required249-1,

This systematic review aims to understand the outcomes of both non-surgical
and surgical managementof volar plate avulsion fractures of the PIPJ in children and
explore any factors that might affect these outcomes. We hope to provide
recommendations on management of these fractures in this patient population

depending on the presentation.

METHODOLOGY

MATERIALS AND METHODS

This systematic review complied with the PRISMA (Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses) guidelines and is registered with

PROSPERO.

Search strategy

MEDLINE (PubMed), Scopus, Embase, Google Scholar and Cochrane CENTRAL
databases were comprehensively searched from database inception to 15th June
2023. The main concepts of the review included volar plate avulsion fractures of the
PIPJ in the pediatric population, which was found via medical subject headings
(MeSH) terms and keywords. Terms such as “hyperextension injury”, “volar

subluxation”, “checkrein ligament injury”, “PIPJ dislocation/subluxation” were used.
Four reviewers independently conducted the searches for relevant articles and

duplicates were removed via Rayyan screening software. All authors screened the
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tittes and abstracts for eligibility, retrieved full texts of the eligible articles and
completed full text screening. Disagreements of eligibility were resolved between all
authors through discussion. Additional sources were identified through searching

references of papers and through grey literature search.

Selection Criteria and Outcome Measures

The Patient, Intervention, Comparison, Outcome (PICO) selection criteria included:
(1) human pediatric patients (<18years); (2) acute or chronic volar plate avulsion
fractures of the PIPJ; (3) reporting non-surgical and surgical outcomes or
complications; (4) in retrospective, prospective studies or randomized control trials
(RCTs). Exclusion criteria included dorsal fractures, adult population (>18 years),
conference abstracts, article reviews, literature reviews, and animal studies. Only
papers published in English were included. There was no date of publication
restriction.

An acute fracture was defined as a fracture which was treated within fourweeks
of the injury; a chronic fracture was defined as a fracture which was treated more than
four weeks after the injury.’? An avulsion fracture was defined as a failure of bone in
which abone fragmentis pulled away from its main body by soft tissue that is attached

to it."3 A pediatric patient was defined as an individual aged 17 years or younger.'

A positive outcome was defined as an outcome where the patientwas satisfied
with the results of the intervention (e.g., using the visual analogue scale (VAS'9)),
experienced no pain, had full range of motion, no degenerative changes on X-ray, no
clinical deformity, noinfection, no functional disability, no hyperextension deformity or
when no complications were reported following intervention (e.g., from results of

Gaine’s assessment8, modified Incavo scoring system? and Catalano classification).
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A negative outcome was recorded if there was any reduced range of motion, pain,
swelling, or deformity following intervention (e.g., including poor outcomes from the

modified Incavo scoring system?).

Methodological Quality Assessment

Quality of the included studies was assessed by all authors depending on the type of
study. Non-randomized studies were assessed using the Risk of Bias in Non-
randomized Studies — of Interventions (ROBINS-I) tool,' and randomized studies
were assessed usingthe Cochrane risk of bias (RoB 2) tool.'® Results were presented

in robvis visualization tool format.!®

Data Extraction and Analysis

A bespoke data extraction form was used to extract data regarding demographics of
each patient (e.g., age, gender), characteristics of each injury (e.g., presenting
symptoms, etiology, fracture displacement, mechanism of injury, time since injury and
time to treatment), investigations (e.g., X-ray, CT, MRI), intervention (e.g., splinting,
strapping, hand therapy, open reduction and internal fixation (ORIF), arthroplasty,
closed reduction, excision),intervention follow up, outcomes (positive or negative) and
complications of non-surgical and surgical management for acute and chronic volar
plate injuries of the PIPJ. All qualitative and quantitative data were downloaded onto
an Excel spreadsheet and calculated through the Excel Formulas using various

functions.

RESULTS

A total of 9,825 papers were identified. Following screening using the predetermined

criteria, 25 studies were included into this systematic review (Figure 1).
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Study Quality

Quality assessment for the singular RCT by Paschos et al* was determined to have
‘Some Concerns’ due to the lack of objective measurement tools which may have
caused possible research bias (Supplemental Figure 1). Of the 24 non-RCT studies,
10 were deemed to have ‘Moderate’ risk of bias, mainly stemming from confounding
factors within each study, and one study was deemed to have a seriousrisk of bias,
also attributed to the presence of confounding factors. The risk of bias assessmentfor

non-RCT studies is shown in Supplemental Figure 2.

Study Characteristics

Twenty-five studieswere includedin thisreview, with a publication date between June
1979 and June 2022. Only one study was a randomized control trial (RCT),3 four were
prospective studies,>82021 nine were retrospective studies,'®1622-28 ten were case
reports'128-36 and one was a case series.® A total of 268 pediatric participants were
identified, with an average age of 11.09 years (Range: 3-17, Median: 16) and a male-
to-female ratio of 2:1.

A larger proportion of the fractures were associated with dorsal displacement
(35%), followed by undisplaced fractures (12.7%). When reported, the most common
mechanism of injury was during sports activities (56/268 patients). No injury
mechanism was reported for 73% of cases. In studies reporting the timeline of injury,
144 patients (53.74%) had an acute (<4 weeks) presentation and 6 patients (2.24%)
presented chronically (>4 weeks). Almost half of the patients (48.1%) sought medical
attention within one week, with 7.8% of them presenting on the same day, and 44% of

participants gave no indication of when the patients presented to the clinician.
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The most prevalent presenting complaint was pain and swelling observed in
38.8% and 44.4% of cases respectively. There were no treatment delays in 36.6% of
cases, whilein 15.3% of cases, there was a delay in ‘time to treatment’, where patients
were treated between 2-7 days after presentation. The ‘time to treatment’ was not
recorded in 119 cases.

Radiograph X-ray was the primary diagnostic modality used for 173 patients
(64.5%). One study employed magnetic resonance imaging for one patient, and four
studies opted for computed tomography. However, no specificimaging was described
for the remaining 92 participants. Table 1 presents the demographic data of the

included studies.

Outcomes

Positive outcomes were observed in 99.5% of non-surgical treatments across 198
participants, while 85.7% of positive outcomes were recorded in patients treated with
surgical methods. Table 2 provides an overview of the studies.

Non-surgical management for acute presentations

In the acute non-surgical treatmentgroup, six papers were included, comprising a total
of 122 patients.3%6.11.29.37 Two primary modalities were utilized: splinting and
strapping.

In the acute non-surgical group, 73 patients (59.8% of the cohort) underwent
treatment with aluminum splints,383” while 46 patients (37.7%) received strapping.356
Additionally, three cases (2.5%) utilized a combination of neighbor/buddy strapping
and splinting.1129

During the follow-up period, which ranged from three months to three years,

almost 10% of participants (n=12) were not subjected to a particular type of
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immobilization technique.5''2° In contrast, over 88% patients (n=108) were
encouraged to engage in immediate unprotected weight-bearing mobilisation .36
Additionally, a small percentage of participants, specifically 1.6% (n=2), received an
aluminum splint for mobilization purposes.

Overall, positive outcomes were achievedin 121 patients (99.2%) with onlyone

patient having persistent pain, swelling, deformity, and loss of function.3

Non-surgical management with unknown time frame

Furthermore, two papers including 76 patients reported non-surgical management
with an unknown time scale.?223 Qut of these, 75 patients received hand therapy,?3
while one patientunderwent splinting.22 Both studies reported positive outcomes in all
cases. However, information regarding the immobilization technique, intervention
follow-up,duration ofthe intervention,andtime to treatment were not provided in these

studies.

Surgical management for acute presentations

In the acute surgical treatment group, 22 patients received various types of
interventions.81524.2830-35 ORIF was the most frequently employed method, accounting
for 16 cases. The managementduration varied from 10 days to five weeks, while the
follow-up period ranged from two months to 67 months. Only one negative outcome

was reported, where mild synovitis was observed.

Surgical management for chronic presentations

The chronic surgical treatment group consisted of four studies with a total of 10
participants. Among the interventions employed in this group, the predominant

approach involved ORIF using Kirschner wires (K-wires), with a follow up period
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varying between seven months to seven years.?%2! Various suture techniques were
also employed, including pull out sutures (n=2),'® anchor suture with tendon graft
(n=1),'8 and the use of monofilament polydioxanone suture (n=1).3¢ There were three
negative outcomes,?! where two cases of distal interphalangeal jointlag andone case

of joint erosion were observed.

Surgical management with unknown time frame

In four studies with a total of 38 patients,2325-27 surgical intervention was opted as a
method of management without reports of a timescale. Within this group, the most
frequently employed intervention was ORIF and K-wire (14 patients), with 11 patients
receiving ORIF and 23-gauge needles,?®® and six patients being treated with
osteoclasis.?®

Out of the total 38 patients, 32 patients observed positive outcomes following
the various interventions. However, six patients encountered negative outcomes,
which included mild buttonhole deformity (n=1), volar angular deformity (n=1), and

callous overgrowth and PIPJ swelling (n=4).2°

Factors affecting outcomes

Classification

A shown in Tables 3 and 4, for non-surgical management, 43 patients (21.7%) were
classified as Eaton Type 1,356.1 and only 3 patients (1.52%) as Eaton Type 11,337 with
no cases of Eaton Type llla or lllb identified. Keifhaber-Stern classification revealed
88 patients (44.4%) with a ‘Stable’ type."3537In the surgical managementgroup, there
were seven cases of Type 18202833 14 cases of Type [1,81521.3236 10 cases of Type
2273934 and one case of Type llIb3 based on the Eaton classification. Keifhaber-

Stern classification identified 20 cases as ‘Stable’820.21.27.28.30.32.33 gnd two cases as

10
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‘Tenuous’.834 Notably, there were no cases classified as ‘Unstable’ in either group.
However, a significantnumberof cases in both groups lacked sufficientdata for further

categorization.

Displacement

Of particular interest is a study by Lee et al.,?” which extended the investigation by
quantifying displacementand rotation of fragments within a specific subgroup of five
patients. Five patients initially underwent non-surgical treatment (finger splint) due to
not meeting surgical criteria. However, as these patients reported pain during end-
range motion or restricted motion after three to six weeks, surgical interventions were
subsequently performed with positive outcomes.

Other associations such as age and mechanism of injury with non-

surgical/surgical outcomes could not be made due to scarcity of data in literature.

Comparison of outcomes between acute and chronic presentations

In acute presentations,356811,15.24,.28-3537 \where treatment was initiated within four
weeks of the injury, a substantial 99.5% of patients, constituting 144 individuals,
experienced positive outcomes. This cohort demonstrated a high rate of successful
recoveries, irrespective of whetherthe chosen approach was surgical or non -surgical.
In contrast, amongthe 10 chronic cases,’%2021.36 the incidence of negative outcomes
escalated. Approximately 30% of chronic cases?' reported negative outcomes,
including complications such as deformities and joint erosion. Unfortunately, a
significant portion of the participants, accounting for42.5% (n=114), had an unknown

time scale of injury presentation.?2:23.25-27

11
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DISCUSSION

Hyperextension injuries leading to volar plate avulsion fractures are common in the
pediatric population with severe implications if left untreated.35° Despite high
prevalence of these injuries, the standard of care of volar plate avulsion fracture in the
pediatric population has not been well established in the literature. It is on this basis
that this study was conducted to understand the outcomes of both non-surgical and

surgical management and to explore any factors that might affect the outcomes.

From the included papers, the data suggests thatin stable fractures with less
than 30% joint involvement, non-surgical management is appropriate, as shown in
Table 3 and 4. This is in line with the recommendations provided by the Eaton
classification?? and Keifhaber-Stern classification,* which recommend non-surgical
management for injuries with less than 40% and 30% PIPJ surface involvement
respectively.* Less severe injuries (<30% articular surface damage) appear to be
better managed non-surgically with minimal complications as these are likely to heal
rapidly without the need for invasive procedures.?® In this review, only one poor
outcome was reported for non-surgical management, where a patient experienced
pain and swellingfollowingintervention.3 Traditionally, non-surgical treatmentinvolves
aluminum orthosis,? neighbor strapping,® and extension block splinting.® In line with
this, the use of various non-surgical methods was reported although itwas difficultto
compare the effectiveness of each technique due to the positive outcomes observed
in the majority of the applied non-surgical interventions. The preference of the senior
authors of this review is to use a removable and soft Bedford splint for 2-3 weeks,

which provides edema control in addition to relative immobilization. All the patientsin
12
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this subgroup of patients presented within four weeks of injury, and the corresponding

data for chronic counterparts (>4 weeks of injury) were not available.

According to Eaton Type lllb and Keifhaber-Stern ‘Unstable’ classification,
surgery is warranted for fractures involving greaterthan 40% articular base. However,
from the identified literature in this study, patients commonly underwent surgical
intervention when there was more than 30% jointinvolvementand displacement. One
exception to this was seen in a study by lkeda et al,® where fractures were treated
surgically, despite articular involvement being less than 30% (26% and 27%). This
was due to the presence of displacement and rotation. Several surgical techniques
have been reported for the fixation of volar plate avulsion fractures, which include
ORIF with plate and screws, K-wire fixation, volar plate arthroplasty,?® volar plate
reattachment.”® No mention of the application of surgical techniques on an
open/closed physis was made in the included studies. These surgical techniques may
have variations depending on the types of devices used and practitioners’ techniques
for fixation. Positive outcomes were seen in most cases (n=22).81524.27,28,31-33,35
However, complications such as jointerosion, deformities and swellingwere observed
in three out of 10 chronic cases where there were delays of seeking treatment for more
than four weeks.2"2% From this analysis, itis evidentthat patients must seek treatment
immediately to avoid potential negative consequences. Regardless of the method of
management, early commencement(<4 weeks) of managementappeared to be linked
to the optimal outcomes with minimal complications. This highlights the importance of
immediate start to treatment, especially as fractures unite quickly in children and can

lead to malunion .38

13
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Most of the patients in our study (n=173) were evaluated with radiograph
imaging. To clearly assess the severity and determine the optimal management of
volar plate injury, anteroposterior and lateral view radiographs are required, as
emphasizedin fourstudies.362125However, a differentchoice ofimaging modality was
seen in one of the studies. lkeda et al.8 pre-operatively evaluated the injury using
three-dimensional CTs for volar plate avulsion fractures. High resolution 360-degree
views and soft tissue visualization are offered by computed tomography, yet the
question of cost-effectiveness and practicality of its use over X-ray imaging for every
volar plate fracture persists.3® This suggests that X-ray imaging currently provides the
optimal mode of investigations for management. Figure 2 illustrates a suggested

guideline for the management of volar plate fractures based on current literature.

Our study was limited by a small overall sample size, due to the scarcity of
research on children. Having fewer numbers presents a selection bias as it may not
be representative of the whole population, especially for evaluating surgical
management. Additionally, although this review considered the data taking account of
the age, itwas unclearwhetherthe pediatric populationsreported in the literature were
skeletally mature, which may potentially influence the outcomes of the patients. In
addition, only one RCT was included with others being the retrospective studies,
prospective studies, and case reports. Analyzing studies at the lower hierarchy of
evidence, although supported by the RoB and ROBINS-I quality of assessment
results, may impactthe reliability of results. Finally, there were highly variable outcome
parameters and heterogeneity in measurements, such as the methods and
questionnaires (modification of Incavo scoring system,® Gaine’s assessment,® DASH
scores'® and VAS'5) used for determining positive and negative outcomes. For this
reason, there was a degree of subjectivity and disparity between studies in defining

14
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positive and negative outcomes. Future studies should attempt to record information
with more standardized measurements before and after the intervention, along with
the information on skeletal maturation, to allow comparison and better understanding

of the outcomes.

CONCLUSION

This review suggests that non-surgical intervention is indicated for fractures with less
than 30% joint involvement, whereas surgical management may be indicated in
fractures with more than 30% joint involvement. In addition, the literature strongly
suggests that positive outcomes are linked to the early commencement of treatment
(<4 weeks). The management of volar plate avulsion fracture in the pediatric
population should integrate a comprehensive history, clinical examination, and
investigation, including anteroposterior and lateral views of plain film radiograph to
assess the severity of injury, after which the decision on the managementtechnique
can be made. Finally, larger prospective studies in youngerchildren are required to

direct and refine appropriate management for this age group.

15



330

331

332

333

334

335

336

337

338

339

340

341

STATEMENTS

Conflicts of Interest Statement:

The Authors declare there is no conflicts of interest.

Statement of Informed Consent:

Informed consentwas obtained from all individual participants included in the study.

Statement of Human and Animal Rights:

This article does not contain any studies with human or animal subjects.

Statement of Funding:

None to Declare

16



342

343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386

REFERENCES

1. Vadivelu R, Dias JJ, Burke FD, StantonJ. Hand injuries in children: a prospective study.
J Pediatr Orthop. Jan-Feb 2006;26(1):29-35. doi:10.1097/01.bpo.0000189970.37037.59

2. Cornwall R. Pediatric finger fractures: which ones turn ugly? J Pediatr Orthop. Jun
2012;32 Suppl 1:S25-31. doi:10.1097/BPO.0b013e31824b2582

3. Paschos NK, Abuhemoud K, Gantsos A, Mitsionis GI, Georgoulis AD. Management
of proximal interphalangeal joint hyperextension injuries: a randomized controlled trial. J
Hand Surg Am. Mar 2014;39(3):449-54. d0i:10.1016/j.jhsa.2013.11.038

4. Pattni A, Jones M, Gujral S. Volar Plate Avulsion Injury. Eplasty. 2016:1c22.

5. Rimmer CS, Burke D. Proximal interphalangeal joint hyperextension injuries in
children. Emerg Med J. Dec 2009;26(12):854-6. doi:10.1136/em;j.2008.068429
6. Weber DM, Kellenberger CJ, Meuli M. Conservative treatment of stable volar plate

injuries of the proximal interphalangeal joint in children and adolescents: a prospective study.
Pediatr Emerg Care. Sep 2009;25(9):547-9. doi:10.1097/PEC.0b013e3181b4f471

7. Steiger CN, Dayer R, Tabard-Fougere A, Ceroni D. Proximal Interphalangeal
Hyperextension Injuries in Children: The Development of a Clinical Decision Guide. J Pediatr.
Mar 2021;230:140-145. do0i:10.1016/j.jpeds.2020.10.038

8. Ikeda M, Ishii T, Kobayashi Y, Mochida J, Saito I, Oka Y. Percutaneous pinning of the
displaced volar plate avulsion fracture of the PIP joint. Hand Surg. 2009;14(2-3):113-9.
doi:10.1142/50218810409004335

9. Incavo SJ, Mogan JV, Hilfrank BC. Extension splinting of palmar plate avulsion
injuries of the proximal interphalangeal joint. J Hand Surg Am. Jul 1989;14(4):659-61.
doi:10.1016/0363-5023(89)90186-x

10. Cheah AE, Tan DM, Chong AK, Chew WY. Volar plating for unstable proximal
interphalangeal joint dorsal fracture-dislocations. J Hand Surg Am. Jan 2012;37(1):28-33.
doi:10.1016/j.jhsa.2011.08.030

11. Lo I, Richards RS. Combined central slip and volar plate injuries at the PIP joint. J
Hand Surg Br. Jun 1995;20(3):390-1. doi:10.1016/50266-7681(05)80100-7

12. Lee LS, Lee HM, Hou YT, Hung ST, Chen JK, Shih JT. Surgical outcome of volar
plate arthroplasty of the proximal interphalangeal joint using the Mitek micro GII suture anchor.
J Trauma. Jul 2008;65(1):116-22. doi:10.1097/TA.0b013e3181454ad4

13. McCoy JS, Nelson R. Avulsion Fractures. StatPearls. StatPearls Publishing

Copyright © 2022, StatPearls Publishing LLC.; 2022.

14. 0-18 years: guidance for all doctors. General Medical Council. Accessed January 15,
2023, https://www.gmc-uk.org/outcomes-legislation

15. Kim YW, Roh SY, Kim JS, Lee DC, Lee KJ. Volar plate avulsion fracture alone or
concomitant with collateral ligament rupture of the proximal interphalangeal joint: A
comparison of surgical outcomes. Arch Plast Surg. Sep 2018;45(5):458-465.
d0i:10.5999/aps.2018.00346

16.  Kaneshiro Y, Hidaka N, FukudaM, OtaM, Akashi K. Late volar plate repair for chronic,
post-traumatic hyperextension deformity of the proximal interphalangeal joint of the little
finger. J Plast Surg Hand Surg. 2015;49(4):238-41. doi:10.3109/2000656x.2014.964721

17. Sterne JA, Herndn MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias
in  non-randomised studies of interventions. Bmj. Oct 12 2016;355:14919.
doi:10.1136/bmj.i4919

17


https://www.gmc-uk.org/outcomes-legislation

387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436

18.  Ma LL, Wang YY, Yang ZH, Huang D, Weng H, Zeng XT. Methodological quality
(risk of bias) assessment tools for primary and secondary medical studies: what are they and
which is better? Mil Med Res. Feb 29 2020;7(1):7. doi:10.1186/s40779-020-00238-8

19. robvis (visualization tool). Accessed February 25, 2023,
https://www.riskofbias.info/welcome/robvis-visualization-tool

20.  Eaton RG,Malerich MM. Volar plate arthroplasty of the proximal interphalangeal joint:
a review of ten years' experience. J Hand Surg Am. May 1980;5(3):260-8. doi:10.1016/s0363-
5023(80)80011-6

21.  Peimer CA, Sullivan DJ, Wild DR. Palmar dislocation of the proximal interphalangeal
joint. J Hand Surg Am. Jan 1984;9a(1):39-48. doi:10.1016/s0363-5023(84)80182-3

22. Nakago K, Hashizume H, Senda M, Nishida K, Masaoka S, Inoue H. Simultaneous
fracture-dislocations of the distal and proximal interphalangeal joints. J Hand Surg Br. Dec
1999;24(6):699-702. doi:10.1054/jhsb.1999.0228

23. Plonczak AM, McArthur GJ, Goldsmith N, Horwitz M. Hand Therapist Led Follow-up
for Paediatric Hand Trauma - a Retrospective Study of 139 Closed Hand Injuries. Ortop
Traumatol Rehabil. Dec 30 2017;19(6):531-536. d0i:10.5604/01.3001.0010.8044

24. Dionysian E, Eaton RG. The long-term outcome of volar plate arthroplasty of the
proximal interphalangeal joint. J Hand Surg Am. May 2000;25(3):429-37. d0i:10.1016/s0363-
5023(00)70026-8

25.  Kang HJ, Sung SY, Ha JW, Yoon HK, Hahn SB. Operative treatment for proximal
phalangeal neck fractures of the finger in children. Yonsei Med J. Aug 31 2005;46(4):491-5.
d0i:10.3349/ymj.2005.46.4.491

26. Hamilton SC, Stern PJ, Fassler PR, Kiefhaber TR. Mini-screw fixation for the treatment
of proximal interphalangeal joint dorsal fracture-dislocations. J Hand Surg Am. Oct
2006;31(8):1349-54. doi:10.1016/j.jhsa.2006.07.011

27. Lee S, Jung EY, Kim JY. Operative treatment for volar plate avulsion fractures of the
fingers. Arch Orthop Trauma Surg. Oct 2013;133(10):1463-7. doi:10.1007/s00402-013-1818-
2

28. Stern PJ, Lee AF. Open dorsal dislocations of the proximal interphalangeal joint. J
Hand Surg Am. May 1985;10(3):364-70. doi:10.1016/s0363-5023(85)80036-8

29.  Mehta S, Jacob John JJ, Madhusudhan TR. Floating proximal interphalangeal joint
(PIPJ) injury of the little finger in a child: A case report. Trauma Case Rep. © 2021 The
Authors.; 2021:100458.

30.  Zook EG, Van Beek AL, Wavak P. Transverse volar skin laceration of the finger: Sign
of volar plate injury. Hand. Jun 1979;11(2):213-6. doi:10.1016/s0072-968x(79)80037-6

31. Green A, Smith J, Redding M, Akelman E. Acute open reduction and rigid internal
fixation of proximal interphalangeal joint fracture dislocation. J Hand Surg Am. May
1992;17(3):512-7. doi:10.1016/0363-5023(92)90364-u

32. Takami H, Takahashi S, Ando M. Large volar plate avulsion fracture of the base of the
middle phalanx with rotational displacement: a report of three cases. J Hand Surg Am. Jul
1997;22(4):592-5. doi:10.1016/s0363-5023(97)80114-1

33. Sano K, Doi K, Hattori Y. Double-strand suturing fixation technique for treatment of
acute volar plate avulsion fracture of the base of the middle phalanx. Ann Plast Surg. Nov
2005;55(5):542-4. doi:10.1097/01.sap.0000181355.19375.19

34, Otani K, Fukuda K, Hamanishi C. An unusual dorsal fracture-dislocation of the
proximal interphalangeal joint. J Hand Surg Eur Vol. Apr 2007;32(2):193-4.
doi:10.1016/j.jhsb.2006.11.001

35. Gengler C, Pauchard N. Fracture-dislocation of the proximal interphalangeal joint of
the long fingers: Report of an unusual case requiring open surgery. Hand Surg Rehabil. Jun
2018;37(3):191-194. doi:10.1016/j.hansur.2018.01.005

18


https://www.riskofbias.info/welcome/robvis-visualization-tool

437
438
439
440
441
442
443
444
445
446
447

36. Bemnal F, Sanchez E. Treatment of Sagittal Plane Instability of the Proximal
Interphalangeal Joint through Volar Plate Repair. Ibero-American Journal of Hand Surgery.
2022;

37.  Murashige R, Nakayama Y, Kobayashi K, et al. A report of two cases of volar and
dorsal fractures of the middle phalanx caused by a basketball. J Nippon Med Sch. Aug
2002;69(4):376-8. d0i:10.1272/jnms.69.376

38. Lindaman LM. Bone healing in children. Clin Podiatr Med Surg. Jan 2001;18(1):97-
108.

39. Goldman LW. Principles of CT and CT technology. J Nucl Med Technol. Sep
2007;35(3):115-28; quiz 129-30. d0i:10.2967/jnmt.107.042978

19



448  FIGURE LEGEND

449  Figure 1. PRISMA Flowchart of Study Selection

450  Figure 2. Suggested guideline for management of acute volar plate avulsion fractures

451 in children.

452  TABLE LEGEND

453  Table 1. Injury characteristics

454  Table 2. Outcomes of management of acute volar plate avulsion fractures of the

455  proximal interphalangeal joint in children.

456  Table 3. Keithaber-Stern classification of volar plate injuries in both non-surgical and
457  surgical groups.

458  Table 4. Eaton classification of volar plate injuries in both non-surgical and surgical

459  groups.

20



Injury characteristics

%

Aetiology of injury

Index finger 7 2.61
Middle finger 9 3.36
Ring finger 4 1.49
Little finger 16 5.97
Unknown 232 86.57
Fracture displacement
Dorsal 95 35.45
Volar 20 7.46
Undisplaced 34 12.69
Both 26 9.70
Unknown 93 34.70
Mechanism of injury
Sporting 56 20.90
Accidents 15 5.6
-Fight 1 0.37
-Slipping and falling 2 0.75
-Crushing 7 2.61
-Door slam 4 1.49
-Bicycle accident 1 0.37
Unknown 197 73.51
Investigations
X-ray 173 64.55
-AP 105 39.18
-Lateral 105 39.18
-Type unmentioned 68 25.37
3DCT 4 1.49
MRI 1 0.37
Unknown 92 34.33
Presenting symptoms
Pain / Tenderness 104 38.81
Swelling 119 44 .40
Deformity 11 410
Reduced movement 13 4.85
Unknown 122 45.52
Time since injury
Same day 21 7.84
<1w 108 40.30
1-2w 6 2.24
2 - 4w 9 3.36
> 4w 6 2.24




Unknown 118 44.03
Time to treatment

Immediate 98 36.57
2-7d 41 15.30
8d-—1m 2 0.75
> 4w 8 2.99
Unknown 119 44 4

Table 1. Injury characteristics
n: number of patients, %: percentage, d: day, w: week, m: month, AP: anteroposterior,
D: dimensional, CT: computer tomography, MRI: magnetic resonance imaging



Non-surgical treatment (n=198)

Acute (n=122)

Lo and Type | (1) Stable (2) 0d, 3w Splinting and - - 12w Positive
Richard" Type Il (1) Buddy (2)
(01/06/1995) strapping (2)

Murashige Type 1l (2) Stable (2) od Splint (2) Aluminum splint Aluminum splint | 3y Positive
etal.% (2) )
(01/08/2002)

Rimmer and | Type | Stable 1d Strapping (9) | Neighbor - 4m Positive
Burke® strapping (9) (9)
(01/01/2009)

Weber et Type | Stable and 5d Splint (33) - Monodigital Unprotected 12w Positive
al. Tenuous Extension padded dorsal mobilization (33) (33)
(09/01/2009) block splint aluminum - Fully flex and




extension block

extend fingers

splint (33) TDS; removed
splint 10d after
Paschos et | Typel and Stable od Group A - Group A - Unprotected 12m Positive | Pain (1)
al.® Type ll Strapping Neighbor mobilization (75) (74) Swelling (1)
(01/02/2014) (37) strapping (37) Negative | Deformity (1)
Group B - Group B - (1) Loss of
Splinting (38) | Aluminum function (1)
orthosis (38)
Mehta et - - 0d Strapping and | Neighbor - 12w Positive -
al.?® splinting (1) strapping (1) )
(01/03/2021) Dorsal extension
block splinting
Unknown time scale (n=76)
Nakago et - - Splint (1) - - - Positive -
al.22 (1)

(05/04/1999)




Plonczak et - - - Hand therapy - - - Positive -
al.3 (75) (75)
(12/2017)
Surgical Treatment (n=70)
Acute (n=22)
Zook et al.3® | Type llla Stable od Suture (3) Ethilon suture (3) | Splint (3) 2m (1), 3m | Positive -
(01/06/1979) Splint (3) Stainless steel (2) (3)
wire (1)

Stern et al.?® | Type | Stable 5 hours Wires and Kirschner pin (1) Kirschner wire m Negative | Mild synovitis
(05/1985) suture (1) with dorsal (1) (1)

extension block

splint
Green et - - 5d Screws (1) - Splint 1y Positive -
al.3" (1)
(05/1992)
Takami et Type Il Stable od ORIF (2) Kirschner wire (2) | Kirschner wire 2y Positive -
al.32 (2) (2)

(01/07/1997)




Dionysian et - - 17d Arthroplasty - - 15y Positive
al.24 (1) (1)
(11/02/2000)
Sano et al.3® | Type | Stable 6d ORIF - Volar | Kirschner wire (1) | Kirschner wire 3m Positive
(01/11/2005) incision (1) (1) (1)
Otani et al.3* | Type llla Tenuous 0d ORIF Kirschner wire, Kirschner wire 12w Positive
(01/04/2007) Kirschner Pull out wire (1) (1)
wire, Pull out
wire (1)
Ikeda etal.8 | Typel (1) Stable (2) Mean: ORIF (3) Kirschner wire (3) | Aluminum splint | Mean: 16m | Positive
(1/1/2009) Type 11 (1) Tenuous (1) | 3.3d (3) (Range: (3)
Type Il (1) 14-18m)
Gengler et Type llIb - 2d ORIF (1) - Kirschner wires - 4m Positive
al.% Kirschner and screws, (1)
(01/09/2018) wire and suture (1), mini

incision; volar
bruner type

incision

plate




Kimetal.’® | Type Il - 1.75d ORIF (8) Mi-tek bone - Mean: Positive -
(01/09/2018) anchoring or 41.6m (8)
PDS bone (Range:
suturing (8) 12-67m)
Chronic (n=10)
Eaton et Type | Stable 2m Volar plate Kirschner wire (1) | Kirschner wire, Ty Positive -
al.20 arthroplasty Splint (1)
(01/05/1980) (1)
Peimer et Type | (3) Stable Range: 1- | Wires and Kirschner wire (5) | Splint Mean: Positive | DIP lag (2),
al.2! Type Il (2) 52w Suture (5) 22.4m (2) Joint erosion
(01/01/1984) (Range: 7- | Negative | (1)
49m) (3)
Kaneshiro et - - 12m, Pull out - Kirschner wire Mean: Positive -
al."¢ 21m, 6y suture (2) with dorsal 14.7m (3)
(01/10/2014) Anchor suture splinting (1) (Range: 9-
with tendon Extension block | 23m)
graft (1) with dorsal

splinting (2)




Garcia Type Il 19m ORIF (1) - Mi-tek bone Dorsal splinting | 27m Positive -
Bernal et Volar bruner anchoring or (1)
al.’6 type incision. | PDS bone
(23/06/2022) Reattachment | suturing (1) -
suture monofilament
PDS suture
Unknown time scale (n=38)
Kang et al.?® - Mean: Cross-Cross | ORIF - Splint - Positive | Mild
(31/08/2005) 18d fixation (14) Kirschner wire (8) (18) buttonhole
(Range: Surgical 23-gauge needles Negative | deformity (1),
2d-2m) Kirschner (11) (6) Volar angular
wire fixation Pull out steel wire deformity (1),
(10) and Kirschner callous
Osteoclasis wire (1) overgrowth
(6) and PIP joint

swelling (4)




Hamilton et - - Mean: ORIF (1) - - 47m Positive

al.?s 17d (1
(10/2006) (Range:
7-42d)
Lee et al.?” Type llla Stable Mean: Excision and | Suture (1) - - Positive
(28/07/2013) 24.4d reattachment | Screws (2) (5)
(Range: (1)

7-56d) Excision only
(1)

ORIF +
screws (2)
ORIF +

suture (1)

Plonczak et - - - Kirschner (6) - - - Positive
al.z ORIF (2) (8)

(30/12/2017)

Table 2. Outcomes of management of acute volar plate avulsion fractures of the proximal interphalangeal joint in children.

d: Day, w: Week, m: Month, y: Year, ORIF: Open reduction and internal fixation, TDS: Three times daily, DIP: Distal interphalangeal, PIP: proximal
interphalangeal, n: number of patients, PDS: polydioxanone



Classification | Description Non-surgical Surgical

type n % n %

Stable Involving <30% articular base of the 88 444 | 20 | 28.6
middle phalanx

Tenuous Involving 30-50% of the articular - - 2 | 2.86

base the middle phalanx; reduces
with <30° of flexion

Unstable Involving <50% articular base of the - - - -
middle phalanx but requires >30%
flexion to maintain reduction

Unknown 110 556 | 48 | 68.6

Table 3. Keifhaber-Stern classification of volar plate injuries in both non-surgical and
surgical groups.
n: number of patients, %: percentage



Classification | Description Non-surgical Surgical
type n % n %
Eaton Type | | Avulsion of the volar plate without a 43 21.7 | 7 10

fracture dislocation
Eaton Type | Dorsal dislocation of the PIP joint with 3 1.52 | 14 | 20
Il avulsion of the volar plate; complete

tear of the collateral ligament
Eaton Type | Fracture dislocation with <40% - - 10 | 14.3
llla articular surface with dorsal aspect of

the collateral ligament remaining

attached to the middle phalanx
Eaton Type | Fracture dislocation with >40% - - 1 | 143
b articular surface without the collateral

ligament remaining attached to the

middle phalanx
Unknown 152 76.8 | 38 | 54.3

Table 4. Eaton classification of volar plate injuries in both non-surgical and surgical

groups.

n: number, %: percentage, PIP: proximal interphalangeal
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