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Abstract

Background: Treatment of proximal interphalangeal joint (PIP)) fracture-dislocations is difficult given the potential long-
term complications of the involved finger and entire hand. Several surgical methods have been utilized for management
of these injuries, none of which have shown consistently favorable results. The purpose of this systematic review of
the literature is to report the post-operative outcomes of multiple treatment modalities for PIP] fracture-dislocations
in various studies. Methods: A literature review of PubMed and EMBASE databases was performed for all articles on
PIP] fracture-dislocations. Outcomes of interest included PIP] range of motion, grip strength (% of contralateral hand),
and quick disabilities of arm, shoulder, hand (QuickDASH). Articles were distributed into 5 groups by surgical method:
open reduction, percutaneous fixation, dynamic external fixation, extension-block pinning, and hemi-hamate arthroplasty.
Results: Forty-eight of 1679 total screened articles were included. The weighted means of post-operative range of motion
(ROM; degrees) at final follow-up were open reduction 84.7 (n = 146), percutaneous fixation 86.5 (n = 32), dynamic
external fixation 81.7 (n = 389), extension-block pinning 83.6 (n = 85), and hemi-hamate arthroplasty 79.3 (n = 52).
Dorsal fracture-dislocations, regardless of surgical method, had an average ROM of 83.2 (n = 321), grip strength 91%
(n = 132), and QuickDASH of 6.6 (n = 59) while pilon injuries had an average ROM of 80.2 (n = 48), grip strength 100%
(n = 13), and QuickDASH of 1.4 (n = 13). Conclusion: Percutaneous fixation yielded the highest post-operative ROM
at final follow-up while extension-block pinning resulted in the greatest grip strength. While dorsal fracture-dislocations
produced higher average ROM and lower QuickDASH score, pilon fractures produced a higher grip strength. No treatment
method or fracture type yielded consistently better outcomes than another.
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Introduction (K-wires). Although extensive methods of surgical manage-
ment have been described, few studies provide direct com-
parison among techniques and there remains a lack of
consensus on the best approach to fracture-dislocation treat-
ment. The purposes of this study were to review current lit-
erature on PIPJ fracture-dislocation modes of surgical repair
(open reduction, percutancous fixation, dynamic external
fixation, extension block pinning and hemi-hamate arthro-
plasty) and analyze validated surgical and functional out-
comes to determine efficacy of the numerous techniques in
an acute setting. We hypothesize that no significant differ-

The proximal interphalangeal joint (PIPJ) accounts for
approximately 85% of joint motion that enables grasping an
object,' thus fracture-dislocations or fracture-subluxations
can have an immense impact upon hand utility. PIPJ frac-
ture-dislocations can result in significant digit range of
motion (ROM) limitation and subsequent occupational dis-
ability. Furthermore, PIPJ fracture-dislocations with subop-
timal treatment can present as chronic joint instability, pain,
osteoarthritis, and intra-articular deformity. These potential
complications result in a hand injury that has historically
been difficult to treat.> o ) .
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ence in patient outcomes will exist between the varying sur-
gical methodologies and that no one method will result in
better patient outcomes across the board.

Materials and Methods

Study Selection

A literature search was performed on January 21, 2019 via
the electronic databases PubMed and EMBASE utilizing
the search terms “PIP fracture dislocation” OR “proximal
interphalangeal fracture.” Articles in the literature searched
ranged from 1946 through January 2019. All articles subse-
quently underwent a two-step review process by two inde-
pendent reviewers: (1) article title and abstract were
reviewed and (2) those articles meeting eligibility criteria
underwent a full text review.

Eligibility Criteria

Inclusion criteria for articles included: (1) English-language
articles; (2) levels of evidence I through IV; (3) specifica-
tion of a fracture with dislocation injury with fracture type
provided; (4) specification of the type of repair performed;
(5) repairs that were treated in an acute phase (<6 weeks
from injury to surgery); and (6) inclusion of clinical out-
comes data. Exclusion criteria included: (1) non-English
articles; (2) review articles; (3) case reports, (4) studies
evaluating PIPJ arthroplasty; (5) studies evaluating newly
implemented surgical procedures or technique guides; (6)
outcome measures of chronic fracture injuries (>6 weeks to
surgery); (7) provided fracture types without a dislocation;
(7) not specifying the type of repair performed; (8) no
reporting data separated by type of operative treatment, and
finally; (9) not reporting patient-reported measures of func-
tional outcomes.

Data Abstraction/Analysis

Two independent reviewers examined the selected full-text
articles after abstract review for inclusion. Data including
patient characteristics, repair methodology, repair metrics,
and functional outcomes was extracted from the articles
selected for inclusion. The outcomes most commonly
reported were ROM, grip strength, and Disabilities of the
Arm, Shoulder, and Hand (QuickDASH) score.

ROM was reported as the arc of flexion-extension in
degrees. The grip strength was reported as a percentage of
injured hand strength to contralateral uninjured extremity.
The QuickDASH is a patient-reported questionnaire com-
posed of 11 questions pertaining to disability and severity
of symptoms totaling to a maximum score of 100 with
higher scores correlating to increased disability and symp-
toms.” Weighted averages were calculated using studies that

provided one or more of the above metrics. A meta-analysis
could not be performed due to the heterogeneity of litera-
ture collected.

Results

A total of 1936 articles were identified (Figure 1) with 98
articles identified that met eligibility requirements in the first
review of abstract titles and abstracts. A total of 36 duplicate
articles were removed. Full text review was performed on 62
articles, and 14 articles were excluded.

A total of 48 articles were included in the final review,”
25 of which reported data on dynamic external fixation, 12
on open reduction, 6 on hemi-hamate arthroplasty, 4 on
extension block pinning, and 3 on percutaneous fixation. Two
studies reported data on more than one group.'”** Addition-
ally, of the 48 articles included in the final review, 29 articles
provided identification of fracture type. Of these 29 articles
that underwent final review and identified fracture type, 26
reported data on dorsal fracture-dislocations, 5 reported data
on pilon fracture-dislocations, and 1 on volar fracture-dislo-
cations, with 1 article reporting two fracture types,'® and 1
article reporting data on all three fracture types.'®

2

Patient Characteristics

Appendix A lists patient and study characteristics in more
detail. Of the 48 articles included, data were available for
746 hands from 735 patients. In the open reduction internal
fixation group (144 patients; 146 hands), 27% of patients
were female and the average age for all patients was 32.2
years. In articles reporting involved finger, 42% of injuries
involved the ring finger, 26% the middle finger, 25% the
pinky finger, and 7% the index finger. Average time to sur-
gery was 8.3 days, and average time for follow-up was 37.4
months. In the percutaneous fixation group (31 patients; 32
hands), 40% of patients were female; average age was 28.8
years. The ring finger accounted for 41% of the injuries, the
pinky finger accounted for 31%, the middle finger 18.8%,
and the index finger 9.4%. Average time to surgery was 4.6
days with an average follow-up of 74.7 months. In the
dynamic external fixation group (427 patients; 431 hands),
30% of patients were female; average age was 36.1 years.
In articles reporting involved finger, 38% were ring finger
injuries, 34% pinky finger injuries, 17.7% middle finger
injuries, and 10.6% were to the index finger. Articles with
data for dynamic external fixation reported an average of
7.8 days with an average follow-up of 16.1 months. In the
extension block pinning group (81 patients; 85 hands), 40%
of patients were female; average age was 34.3 years. Thirty-
eight percent of injuries involved the ring finger, 24.7% the
middle finger, 18% the pinky finger, and 20% the index fin-
ger. Average time to surgery was 8.4 days with a mean fol-
low-up of 42.4 months. In the hemi-hamate arthroplasty
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Records identified through
PubMed search:
N = 744 (12/28/18)

Records identified through
EMBASE search:
N = 935 (12/28/18)

v |

Total titles/abstracts screened: N Records excluded:
N=1679 N=1581
Full articles to screen: N Duplicates:
N =98 N=36

!

N =62

Full articles after duplicates removed:

Full text articles excluded:
N=14

|

e No applicable data: N=3

N =48

Articles included in systematic review:

e Includes chronic fractures
(>6wks to repair): N=4
e Fracture without dislocation:

N=4
e Multiple surgical methods
without separated data: N=3

Figure I. Literature search process.

Table I. Surgical Outcome Data by Repair Method.

Repair type n= Avg. ROM n= Avg. grip strength (%)
Open reduction internal fixation 146 84.7 13 85
Percutaneous fixation 32 86.5 0 n/a
Dynamic external fixation 389 81.7 102 89
Extension block pinning 85 83.6 53 95
Hemi-hamate arthroplasty 52 793 41 85

Note. ROM = range of motion.

group (52 patients; 52 hands), 50% were female with an
average age of 37.8 years. Articles reporting which finger
was injured resulted in 53% ring finger, 25% middle finger,
13.9% index finger, and 8% pinky finger. Average time to
surgery was 18.9 days for articles which reported this met-
ric, and average length of follow-up was 25 months.
Categorizing studies upon fracture type, in the dorsal
fracture-dislocation group (340 patients; 347 hands) 30% of
reported patients were female with an average age of 33.5
years. Reported injuries by finger involved the ring finger
in 44% of patients, middle finger in 24.5%, pinky finger in
20%, and index finger in 12%. Average time to surgery was
11.3 days (with average follow up of 35.6 months). For
pilon fracture-dislocations (59 patients; 61 hands), 30% of
patients were female; average age was 37 years. Fifty-two

percent of fractures involved the pinky finger, 37% the ring
finger, 8.7% middle finger, and 2.2% the index finger. Aver-
age time to surgery was 4.7 days, while average follow-up
was 19.4 months. Finally, only 1 study reported a volar
fracture-dislocation (3 patients; 3 hands) with 66.7% of
patients being female. Average age was 45 years with all
fractures involving the pinky digit and no time to surgery or
follow-up was provided. Data on volar fracture-dislocations
were not included in Table 2 due to lack of patients com-
pared to other fracture type groups.

Clinical Outcomes

The full list of outcomes can be seen in Tables 1 and 2. The
ROM (in degrees) was reported in all open reduction
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Table 2. Surgical Outcome Data by Fracture-Dislocation Type.

Fracture- Avg. ROM Avg. grip Avg.
dislocation type n= (degrees) n= strength (%) n= QuickDASH
Dorsal 321 83.2 132 9l 59 6.6
Pilon 48 80.2 13 100 13 1.4

Note. ROM = range of motion.

studies (n = 14; 146 hands), all percutancous fixation stud-
ies (n = 3; 32 hands), 27 dynamic external fixation studies
(389 hands), all extension block pinning studies (n = 4; 85
hands), and all hemi-hamate arthroplasty studies (n = 6; 52
hands). Preoperative scores were not provided for the ROM
metric, however, postoperative weighted average ranges
were 84.7°, 86.5°, 81.7°, 83.6°, and 79.3°, respectively.

Grip strength was reported in one open reduction studies
(13 hands), 8 dynamic external fixation studies (102 hands),
3 extension block pinning studies (53 hands), and 4 hemi-
hamate arthroplasty studies (41 hands). Preoperative scores
were not provided for grip strength. Postoperative weighted
average grip strengths compared to contralateral hand were
85%, 89%, 95%, and 85%, respectively. Grip strength was
not provided in any percutaneous fixation studies.

The QuickDASH was not reported in a high enough
quantity in surgical subtypes for continuous weighted aver-
age measures. The ROM (in degrees) was reported in 29
patient populations that had dorsal fracture dislocations
(321 hands) and 5 pilon fracture-dislocation patient popula-
tions (48 hands). ROM was not reported in the article with
data on volar fracture dislocations. Preoperative scores
were not provided for ROM metric; postoperative weighted
scores were 83.2° and 80.2°, respectively.

Grip strength was reported in 8 patient populations that
had dorsal fracture dislocations (132 hands), 1 pilon frac-
ture dislocation patient population (13 hands) and in the
only study with data on volar fracture dislocations (3 hands).
Preoperative scores were not provided for grip strength
metric; postoperative weighted scores were 91°, 100°, and
76°, respectively. The QuickDASH was reported in 4 stud-
ies on dorsal fracture dislocations (59 hands), 1 study
reporting on pilon fracture dislocations (13 hands), and in 1
study on volar fracture dislocations (3 hands). Preoperative
scores were not provided for QuickDASH metric; post-
operative weighted scores were 6.6, 11.4, and 9.1, respec-
tively.

Discussion

This study provides an extensive literature review of surgical
management approaches in the acute setting of PIPJ fracture-
dislocation care. We found that no surgical treatment method
yielded consistently greater average outcome data to others
across different outcome measures. Percutaneous fixation

yielded the greatest average ROM of the PIPJ postoperatively
followed by open reduction. Hemi-hamate arthroplasty
yielded the lowest average post-operative ROM. Extension-
block pinning methods resulted in the greatest grip strength at
final follow up compared to the contralateral hand.

Additionally, this study analyzed post-operative out-
comes among fracture-dislocation types. Cause of injury
through direct blow, hyperflexion, or axial loading are com-
mon causes that can result in proximal, dorsal, and pilon
fracture-dislocations, respectively.! When analyzing the
fracture-dislocation type, dorsal and pilon fracture-disloca-
tions had similar post-operative ROM, although the average
QuickDASH score was higher when patients presented with
pilon fracture-dislocations. Average grip strength was
greater post-operatively among pilon fracture-dislocations
in comparison to dorsal fracture-dislocations.

Few studies examine post-operative results among PIPJ
fracture-dislocation management strategies. Stern et al*®
evaluated both skeletal traction and open reduction. Neither
surgical approach resulted in superior post-operative mea-
sures; both approaches reported mild reduction in PIPJ
motion. Barksfield et al'’ assessed hemi-hamate arthro-
plasty outcomes compared to trans-articular K-wire fixa-
tion. Between these two surgical methods, the authors
concluded that both techniques were equivalent in post-
surgical measurements. Variations in patient injury acuity,
post-operative follow-up period and individual study
assessments limits direct comparison ability among surgical
literature.

The goal of surgery for PIPJ fracture-dislocations is
reduction of the middle phalanx onto the condyles of the
proximal phalanx. Indications for surgical treatment of
these injuries include >40% of the joint involved in an
unstable fracture or failure of closed reduction. Percutane-
ous fixation is often used for large fragments with lack of
comminution and involves fixation of fragments using
K-wires. Open reduction internal fixation is indicated for
large fragments without comminution when adequate
reduction cannot be provided by percutancous fixation.
Dynamic external fixation is indicated for highly commi-
nuted pilon fractures. Extension block splinting can be used
for stable and unstable dorsal fracture-dislocations. Hemi-
hamate arthroplasty is used for comminuted fractures
involving the palmar lip or lateral plateau of the middle
phalanx or for salvage after failure of other surgical meth-
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ods. While each method has general indications as noted
above, there is great variability for each fracture-dislocation
based on the fracture characteristics and surgeon preference
and experience. Post-operative rehabilitation after PIPJ
fracture-dislocation also varies greatly by surgeon and insti-
tution; however, general mainstays of treatment include
early passive ROM exercises as allowed by stability of the
fixation construct. Disparity in post-operative rehabilitation
is a potential source of variation in the results of this review.

This literature review has several constraints. Although
only validated data were included, the heterogeneous com-
position of articles reviewed made direct comparisons chal-
lenging. Particularly, the reported measures differed between
articles, making it difficult to perform a meta-analysis. Lack
of standardized outcome measures not only resulted in
reporting variability, but also in presentation of reported
information (i.e. grip strength reported as a percentage of the
contralateral hand versus in kilograms). Additionally, frac-
ture-dislocation subtype was not specified in certain studies,
which, if reported consistently, could have further enhanced
this review, notably with the QuickDASH score. This review
is also limited to a literature body of predominately case

series, and therefore control studies are required to assess
beyond correlation.

In this review, we report that no surgical approach to
PIPJ fracture-dislocation management yielded consis-
tently higher average post-operative function data through
a literature evaluation of post-operative outcomes. Treat-
ment of this hinge joint requires delicate decision-making
that ultimately is based upon fracture type, area of
affected joint space and size of fracture. We recommend
standardization of reported outcomes such as average
ROM, average grip strength, and average QuickDASH.
Randomized trials are ultimately the gold standard to
methodically compare surgical modalities and could help
determine the standard of care in PIPJ fracture-disloca-
tion treatment. The lack of universal and widely accepted
outcome results as well as injury classification systems
and relatively small incidence of PIPJ fracture-disloca-
tions makes it difficult for outcome-based studies with
controls to be performed. A multi-institutional study
involving a standardized patient reported outcome system
would provide strong evidence as to which surgical
method yields greater patient outcomes.

Appendix A
Avg. time  Avg. follow Grip
Number of Avg. Age  to surgery up time  PIPJROM Strength  Quick

Author Year Hands M/F (years) (days) (mo.) ) (%) DASH
Open Reduction (n=14)

"Barksfield 2015 12 93 40 3 56

0 ge 2013 9 8/l 31 9 93.2

2Cheah 2012 13 11/2 33 7 25 75 85 4

3'Hamilton 2006 9 712 35 17 42 70

2| ee 2006 12 8/2 30 9.2 8 85

3Grant 2005 14 13/1 30 21 39 94

34Aladin 2005 8 8/0 33 84 82

Aladin 2005 6 5/1 42 84 84

Aladin 2005 5 4/ 32 84 80

3¢Khan 2004 3 3/0 24.7 7.33 61 100

BWeiss 1996 12 10/2 27.3 6 25.2 89

*Eglseder 1992 6 36 35 5.5 93

*BStern 1991 9 712 32 I 27 70

2| arsen 2000 28 16/12 25 3 27 100
Percutaneous Fixation (n=3)

Myitale 2011 6 33 32 4 18 93

Y|keda 2009 I5 10/5 25.5 5.1 14.2 84.9

“Newington 2001 I 9/1 192 85
Dynamic External Fixation (n=30)

’Kodama 2018 9 712 22,6 47 1.1 94.6

SAwad 2018 12 8/4 36 4 6 90.8 78 123

8K ostoris 2017 4 3/1 495 6.5 6 60 21

(continued)
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Appendix A (continued)
Avg. time  Avg. follow Grip
Number of Avg. Age  to surgery up time PIPJROM Strength  Quick
Author Year Hands M/F (years) (days) (mo.) ) (%) DASH
"°Abou Elatta 2017 21 37 12 90
"°Abou Elatta 2017 15 37 12 83
"“pelissier 2015 88 69/17 3838 15.2 70 15.7
"MacFarlane 2015 28 19/9 339 7 22 85 20.3
"2Shen 2015 10 317 48 27.5 23.7 83.9
'®Colegate-Stone 2015 12 12/0 29 10 35 65 9.1
"®Nilsson 2014 26 19/7 29 92 45
"®Nilsson 2014 3 112 45 76 9.1
"®Nilsson 2014 13 716 45 100 1.4
®Hirth 2013 5 4/ 43 9.2 7 96.6
%Korting 2009 15 8/7 47.3 2.7 10 76.3 86
2Ruland 2008 34 2717 30 16 93
2Ellis 2007 8 8/0 27 5.8 26 88 92
2E(lis 2007 6 5/1 39 8 6 69
*Theivendran 2007 I 10/1 35.9 7.6 235 62.2 86
>Badia 2005 6 4n 27 6 24 84
’Deshmukh 2004 14 /3 37 45 34 85 92
Duteille 2003 20 18/2 30.1 33 18 92.2
“OSyed 2003 9 6/2 43 6 26.4 79
“'De Smet 2002 8 7/ 35.4 23.5 16.5 91.3
*“Morgan 1995 14 8/6 35 4 24 89
®Inanami 1993 4 4/0 32 5 17 95
®Stern 1991 7 7/0 29 | 24 80
“Kubitskiy 2014 10 812 34 6 83.5
K eramidas 2007 6 19.8 96
K eramidas 2007 5 16.5 87.5
*'Hynes 2001 8 6/1 36 10.7 7.71 88
Extension Block Pinning (n=4)
"Waris 2016 4 24/15 44 9 62 80 93
"*Bear 2015 12 7/5 30 75 35.5 84 100 5.7
BWaris 2010 18 12/4 36 9 58 83
“Inoue 1991 14 13/1 27 8 14.2 94.4
Hemi-Hamate Arthroplasty (n=6)
Burnier 2017 9 39 24 86 76 7
"Barksfield 2015 7 7/0 39 4 65
"®Yang 2014 I 8/3 30 4 38.1 85.4 95
2Lindenblatt 2013 4 4/0 4 45 8 78.8
2 Afendras 2010 8 5/3 49 22 60 67 90 19
3Williams 2003 13 4/9 29 45 16 85 80

Note. PIP] = proximal interphalangeal joint; ROM = range of motion.
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