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Abstract

Background We aimed to present the radiological and clinical results of Kirschner-wire (K-wire) fixation and low-profile
plate-screw fixation applied to unstable proximal phalangeal fractures without extension to the joint.

Methods Clinical and radiological data of 22 patients who underwent fixation with open reduction and low-profile 1.5-mm
titanium mini plate and unlocked screws and 18 patients who underwent fixation with K-wire due to closed, unstable extra-
articular proximal phalangeal fractures were retrospectively examined. All evaluation and statistical analyses were based on
sixth postoperative month evaluation parameters. Active and passive metacarpophalangeal joint and interphalangeal joint
range of motions, total joint range of motion, measurement of grip strength for fractured and healthy hands, visual analog
scoring, disabilities of the arm, shoulder, and hand scores, measurement of distance between the pulpa and palmar curve in
the operated finger, Belsky score, reoperation, and complications were evaluated.

Results Radiological union was achieved in all patients in a mean duration of 4.2 (3—-6) weeks. When the functional results
of the patients were evaluated, the mean active metacarpophalangeal joint flexion was 87.3° (75°-90°), mean proximal
interphalangeal joint flexion was 94.3° (65°-100°), mean distal interphalangeal joint flexion was 77.6° (75°-80°), and mean
total range of motion was 259° (210°-270°). The grip strength of the fractured hand was 52.7 (40-58) kgW, whereas that of
the healthy hand was 54.4 (42-60) kgW. The mean value of visual analog score was 0.8 (0-2), mean score for disabilities
of the arm, shoulder, and hand was 7 (2-27), and mean distance between the finger pulpa and finger curve was 3 (0—8) mm.
Conclusion Plate-screw osteosynthesis in the extra-articular, unstable fractures of the proximal phalanx, which is “small”
compared with the body but has a “major function” for the hand and upper extremity, allows for rigid fixation, short immobi-
lization, and early motion in spiral/oblique-fragmented fractures. K-wire fixation, an alternative treatment modality, applied
to selected fracture patterns with appropriate indications can achieve good—excellent results radiologically and functionally.
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Proximal phalangeal fractures together with metacarpal
fractures constitute approximately one-third of all finger
fractures [1]. Fracture type, stability of fracture, and sustain-
ability of stability are the main determinants of the fracture
treatment [2]. In proximal phalangeal fractures, the fracture
line is under the deforming effect of interosseous muscles
and flexor and extender tendons. Stable (transverse) and

unstable (spiral, oblique, and fragmented) fractures occur
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due to the impact of these deforming forces on the fracture
line [3]. Conservative treatment methods are commonly
preferred in stable fractures. Unimpaired periosteal conti-
nuity in these fractures contributes to stability. However,
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anatomic reduction and stabilization should be maintained
in displaced, rotational fractures that cannot be reduced in
a closed manner [3, 4]. Early mobilization and union by
stable and sustainable detection methods have been the main
goals of previous studies [5, 6]. In surgical treatment, closed
reduction, Kirschner-wire (K-wire) fixation, screw fixation,
intramedullary screw fixation, external fixation, open reduc-
tion, and plate-screw fixation are the commonly used meth-
ods [6-10].

Optimal surgical treatment of extra-articular proximal
phalangeal fractures is still under debate [10—13]. The
advantages and disadvantages of each method have been
reported. In this study, we aimed to compare the radiological
and functional results of 40 patients treated with K-wire and
plate-screw fixation due to extra-articular, unstable proximal
phalangeal fractures.

Materials and methods

Clinical and radiological data of 22 patients who underwent
fixation with open reduction and low-profile 1.5-mm tita-
nium mini plate and unlocked screws (ORIF) (plate group)
and 18 patients who underwent osteosynthesis with K-wire
(K-wire group) due to closed, unstable, extra-articular proxi-
mal phalangeal fracture in Erzurum Training and Research
Hospital, Orthopedics and Traumatology Clinic and Hand
Surgery Clinic, between January 2014 and February 2018
were retrospectively evaluated. Informed consent was
obtained from all patients preoperatively. This study was
approved by the Institutional Review Board. Patients who
were surgically treated for closed, extra-articular, unstable
(spiral, long oblique, and communicated), and transverse
fractures for which we could not ensure acceptable reduc-
tion by closed reduction, with at least 6 months of follow-up,
were included in the study. Patients with ipsilateral, open,
intra-articular, thumb, and pathological fractures and those
with an open epiphysis line were excluded from the study.
Fracture types were classified according to AO [12]
fracture classification. All evaluations and statistical anal-
yses were based on the sixth postoperative month control
parameters. Goniometric measurement of active and passive
metacarpophalangeal joint (MP), joint-interphalangeal (IP),
joint range of motion, total joint range of motion (TAM),
grip strength for fractured and healthy hands (SAEHAN
Hydraulic Hand Dynamometer [SH5001]), visual analog
scale (VAS) evaluation, DASH measurement [14], meas-
urement of distance between the pulpa and palmar curve
in the operated finger (mm), Belsky score (Table 1) [15],
reoperation, and complications were evaluated. Congluti-
nation, angulation, and shortness were assessed via poster-
oanterior, lateral, and 30°-45° pronation and/or supination
oblique radiographs, respectively, taken during the first and
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Table 1 Belsky score evaluation
criteria

Criteria

Excellent  Free of pain
No deformity
PIP>100°
TAM>215°
Good Free of pain
Minimal deformity
PIP>80°

TAM > 180°

Poor Worse

sixth postoperative months. This evaluation was performed
by other surgeons who contributed to the study in addition
to the operating surgeon.

Surgical method and postoperative protocol

All patients were operated in the supine position, under
infraclavicular block anesthesia, and with tourniquet appli-
cation. Operations were performed by three different sur-
geons. In plate-treated patients, a longitudinal incision was
made from the finger dorsal in forearm pronation. Exten-
sor tendon was split in the middle line. Periosteum was
also split in the same way, providing sufficient visibility
for plate-screw fixation to the fracture line. Fracture ends
were cleaned, soft tissue interposition was prevented, and
anatomic reduction was achieved using a reduction clamp.
Low-profile 1.5-mm titanium mini plate (TriMed®, Phalanx
plate, Ankara, Turkey) was applied dorsally. A minimum of
two screws were applied so that at least four cortices could
be passed on each side of the fracture line. Interfragmentary
screws were applied first in long oblique or spiral fractures
suitable for interfragmentary screwing. Angulation fluoros-
copy assistance was checked via anatomic and rotational
alignment. Periosteum and extensor tendon repairs were
performed after ORIF (Fig. 1a—d). All patients were treated
with short-arm splint in intrinsic plus position for 5 days
until postoperative edema and pain decreased. After the fifth
day, passive exercises were initiated in splints that freed the
proximal interphalangeal (PIP) joint. After the second week,
splints were only used at night to provide early mobilization
to the MP joint. Splint usage during the night was terminated
after the fourth week, and active motion was allowed. At the
end of the eighth week, challenging daily activities were
allowed.

In patients who underwent surgery with K-wire, anatomic
and rotational alignment and angulation were checked by
fluoroscopy using traction—contraction. All patients were
treated with short-arm splint in intrinsic plus position for
1 week until postoperative pain and edema decreased. After
the first week, passive exercises were initiated in splints
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Fig. 1 Dorsal approach to second proximal phalangeal fracture in the left hand of a 54-year-old patient (a), periosteal dissection and fracture line
(b), plate and free screw application (c), optimal periosteal repair (d), complete view of tendon repair (e)

that freed the PIP joint. After the third week, splints were
only used at night to provide early mobilization to the MP
joint. Splint usage during the night was terminated after the
fourth week, and active motion was allowed. At the end of
the eighth week, challenging daily activities were allowed.
K-wire was removed after 4 weeks after union was achieved.

Results

Overall, 31 patients were males and 9 were females. The
average age of patients was 39 (18-66) years. In 20 patients,
the fracture was in the right hand, whereas it was in the
left hand in another 20 patients. The right hand was domi-
nant in 38 patients, whereas the left hand was dominant in
2 patients. The 2nd phalanx was fractured in 9, 3rd phalanx
was fractured in 8, 4th phalanx was fractured in 9, and 5th
phalanx was fractured in 15 patients. When fracture etiology

was examined, it was observed that 23 cases were caused
by falling, 4 by assault, 3 by blunt trauma, 3 by dropping a
heavy object on the hand, and 10 by other factors such as
in-vehicle traffic accident, work accident and door accident.
Overall, 19 patients had diaphyseal (shaft) fracture, 17 had
proximal metaphyseal fracture, and 4 had distal metaphy-
seal fracture. Fracture pattern was communal in 12 patients,
spiral/oblique in 12, and unstable transverse in 16 patients.
The mean time from the admission of patients to the hospi-
tal until operation was evaluated as 50 (8—168) h. Twenty-
two patients were smokers, whereas 18 were nonsmokers.
We performed splint immobilization for an average of 16
(10-28) days postoperatively.

All patients were followed up for an average of 16 (6-30)
months. Radiological union was obtained in an average of
4.5 (3-6) weeks (Figs. 2a-h, 3a—g). When the functional
results of the patients were evaluated, the mean MP joint
flexion was 84° (70°-90°), mean proximal IP joint flexion

Fig.2 Anteroposterior direct graphy of a shaft, spiral-fragmented
fracture on third proximal phalanx in the left hand caused by fall-
ing (a), lateral graphy (b), sixth postoperative month anteroposterior
direct graphy (c), lateral direct graphy (d), images showing functional

joint movements; dorsal incision scar, finger and elbow extension (e),
volar fist position (f), isolated third finger extension (g), and lateral
fist position (h)
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was 87° (45°-100°), mean distal IP joint flexion was 76°
(65°-90°), and mean TAM was 247° (170°-275°). The mean
passive MP joint flexion was 85° (70°-90°), mean proximal
IP joint flexion was 90° (60°-100°), and mean distal IP joint
flexion was 77° (65°-90°). Grip strength was measured to
be 45 (23-58) kgW in the fractured hand and 48 (30-60)
kgW in the healthy hand. The mean distance between the
finger pulpa and palmar curve was measured to be 4 (0-23)
mm. The mean VAS was 1 (0-5). The mean DASH score
was 8 (2.27-34.09). There were complex regional pain syn-
dromes in two patients postoperatively. Due to PIP joint
contracture caused by adhesion, two patients had tenoly-
sis and one patient had tenolysis and implant extraction.
According to the Belsky score, poor results were obtained
in 3, good results were obtained in 19, and excellent results
were obtained in 18 patients. Two patients had Sudeck’s
atrophy continuing for an average of 4 and 8 weeks. We
achieved improvement with physical therapy, contrast bath-
ing, and medical treatment. There were no complications
of nonunion, late union, superficial and deep infection, or
tenosynovitis. No material extraction was performed in the
plate group except for the patient treated with tenolysis, and
all wires were removed after union in the K-wire group. No
patients developed soft tissue and skin irritation. Radiologi-
cally, no displacement, angulation, or rotational deformity
was observed. The demographic data and radiological and
functional results of all patients are presented in Table 2 as
the plate and K-wire groups.

Based on the results of statistical analyses, there was
a significant difference between active and passive MCP,
PIP, and DIP flexion angles, TAM values, time until opera-
tion, grip strength, and union time between the plaque and
K-wire groups (P <0.05), whereas no difference was found
in the distance between the finger pulpa and palmar curve,
VAS, and DASH values between the two treatment groups
(P>0.05) (Table 2). There was no significant correlation
between the treatment choice and the AO fracture type,
Belsky score, complex regional pain syndrome, fractured
finger, smoking, trauma etiology, and reoperation (P> 0.05),
whereas a significant correlation was found between the
fracture pattern and treatment modality (P <0.05) (Tables 3,
4).

Statistical methods

Statistical analyses were performed by SPSS.20 computer
software. Data were presented as number, percent, mean,
and standard deviation. Shapiro—Wilk test was used to deter-
mine whether the data was normally distributed or not. The
relationship between the treatment modality and active and
passive MCP, PIP, DIP flexion angles, TAM, union time,
distance between the finger pulpa and palmar curve, and
grip strength and the relationship between VAS and DASH
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were analyzed by test. The relationship between the treat-
ment choice and AO fracture type, fracture pattern, Belsky
score, and complex regional pain syndrome was analyzed by
test (samples #, Mann—Whitney U, Ki-kare, Fisher’s Exact).
Significance level was considered at P <0.05.

Discussion

Proximal phalangeal fractures are frequently encountered
orthopedic injuries [12, 16]. Fracture stability evaluation
is the first recommended treatment choice [17]. Positive
results can be obtained with conservative treatment meth-
ods (short-arm splint application and fixation to neighboring
finger) in stable fractures [4, 7, 18]. It has been reported
that more stiffness may develop in a finger that has under-
gone trauma than a finger that has undergone surgery [19].
Therefore, early mobilization cannot be achieved by con-
servative methods applied regardless of fracture stability. In
addition, conservative methods applied in unstable fractures
can cause high functional losses [11]. At this stage, surgical
treatment should be planned depending on the location and
type of fracture. The major focus is to determine the short-
ness and rotational deformity that may occur in fragmented,
longitudinal, spiral, and oblique fractures by anatomic and
sustainable fixation methods [20]. Rigid fixation should be
performed to obtain early mobilization and a functional hand
[2,5,6].

An optimal surgical treatment for proximal phalanx
fractures is still under debate. Appropriate treatments
for the localization and type of fracture in the bone have
been proposed. K-wire or screw fixation in intra-articular
base fractures, K-wire fixation in extra-articular transverse
base fractures, K-wire, plate, or screw fixation in trans-
verse or short oblique fractures, K-wire or screw fixation
in spiral or long oblique fractures, multiple K-wire or
plate-screw fixation in fragmented diaphyseal fractures,
and K-wire or screw fixation in condylar fractures have
been recommended. Although K-wire fixation results in
less soft tissue damage, contracture, and stability than
the screw or plate fixation, it is not superior in terms of
functional outcomes. Screw fixation allows for the earliest
rehabilitation, followed by plate-screw and K-wire fixa-
tion [2, 11, 21, 22]. In this study, splint immobilization
was applied at an average of 16 (10-28) days [mean: 22
(21-28) days in the K-wire group and 11 (10-16) days in
the plate group] in all patients. There was a significant dif-
ference between the two groups in terms of splint immo-
bilization time (P =0.0). Depending on the effect of the
applied osteosynthesis on stability, faster mobilization and
early onset of movement was obtained in the plate group.
We attributed the significant difference in the functional
joint motion angles, grip strength, and union time to the
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Table 2 Demographic data of
patients according to treatment
groups, mean radiological

and functional results and
complications

optimal periosteal repair with open reduction and early
mobilization after stable detection. The fact that there was
no difference in VAS, DASH, Belsky score, reoperation
rate, complication rate, and finger pulpa—curve distances
between both treatment options suggested that both meth-
ods accomplish the primary objectives in the treatment of
proximal phalangeal fractures.

All patients

Plate-screw group

Kirschner-wire group

Age
Fractured hand/dominant hand
Right
Left
Fractured finger
2
3
4
5
Sex (female/male)
Trauma etiology
Falling
Assault
Blunt trauma
Other (traffic accident, work accident, door)
AO fracture type
Shaft
Proximal metaphysis
Distal metaphysis
Fracture pattern
Transverse
Fragmented
Spiral/oblique
Complex regional pain syndrome
Active/passive flexion
MCP
PiP
DIP
TAM
Finger pulpa—curve distance (mm)
Grip strength (treated/healthy extremity) (kgW)
VAS
DASH
Time until operation (h)
Splint immobilization time (days)
Belsky score
Poor
Good
Excellent
Union time (weeks)
Follow-up (months)
Contracture

39 (19-66)

20/38
2072

13
9/31

23

84/85
87/90
76/77
247

45/48

50
16

13
24
4.5
16

39 (19-61)

10/22
12/0

AN O L W

1/21

12

10

12

88/88
94/96
78/79
260
2.8
53/55

6.5
33
22

13
4.2
16

39 (19-66)

10/16
8/2

N W WA

8/10

79/82
78/84
74175
232
5.7
36/39

10
71
11

11
4.8
16

The dorsal approach allows for anatomic and rigid fixa-
tion with wide exposures, although it increases the risk of
adhesion. Optimal periosteal repair and rigid stabilization
allow early mobilization and have a positive effect on union
while minimizing adhesion and contracture. Surgical scar
is also a significant disadvantage of the procedure [19].

K-wire is a cost-effective treatment method compared with
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Fig.3 Preoperative anteroposterior and lateral direct graphy images
of the right hand fifth finger proximal phalanx, proximal metaphy-
seal displaced fracture in a 37-year-old patient caused by falling
(a, b), first postoperative day anteroposterior and lateral direct gra-

Table 3 Statistical analysis of the relationship between active and
passive MPC, PIP, DIP flexion angles, TAM value, time until opera-

phy images (c, d), sixth month anteroposterior lateral direct graphy
images (e, f), sixth month hand functions of the patients (flexion,
extension, and fist positions) (g)

palmar curve, VAS, and DASH in plate-screw and K-wire groups
according to ki kare and Fischer’s exact test

tion, grip strength, union time, distance between finger pulpa and

Kirschner-wire group Plate-screw osteosynthesis group P

Mean SD Minimum Maximum Mean  SD Minimum Maximum
Active MCP flexion 79.44 1042  60.00 90.00 39.41 13.34  19.00 61.00 0.006
Active PIP flexion 78.33 1553  45.00 100.00 87.73 429  75.00 95.00 0.000
Active DIP flexion 7444  8.02  60.00 90.00 94.09 7.50  65.00 100.00 0.018
Total active motion 23222 32.14 170.00 275.00 77.82 279  70.00 80.00 0.004
Passive MCP flexion 81.94 8.60  60.00 90.00 259.55 13.32 210.00 270.00 0.014
Passive PIP flexion 83.89 12.19  60.00 100.00 87.73 255  85.00 90.00 0.000
Passive DIP flexion 75.00 748  65.00 90.00 95.68 355  90.00 100.00 0.013
Finger pulpa and palmar curve distance (mm) 572 7.34 0.00 23.00 7845  2.02  75.00 80.00 0.446
Fractured hand grip strength (kgW) 35.61 887  23.00 50.00 277 2.65 0.00 8.00 0.000
VAS 1.17  1.50 0.00 5.00 0.82  0.50 0.00 2.00 0.904
DASH score 9.94 10.00 2.00 34.00 6.77  4.82 2.00 27.00 0.534
Time until operation (h) 7133 4326  24.00 168.00 3273 2278 8.00 72.00 0.002
Splint immobilization time (days) 21.78 226  21.00 28.00 10.82  1.82  10.00 16.00 0.000
Union time (weeks) 4.89 0.83 4.00 6.00 423  0.69 3.00 6.00 0.013

plate-screw fixation. However, it does not offer adequate
rotational stability in spiral/oblique and fragmented frac-
ture patterns; hence, additional fixation material is required.
Therefore, the duration of immobilization is extended and
mobilization is delayed.
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In this study, unstable, extra-articular proximal phalan-
geal fractures were fixed with low-profile titanium plate-
screw and K-wire. Adequate stability was obtained in all
patients, and early motion was initiated. All patients suc-
cessfully returned to their preoperative jobs. Displacement,
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Table 4 Statistical analysis of the relationship between treatment choice and type of AO fracture, Belsky score, complex regional pain syndrome
(CRPS), smoking, fracture pattern, and treatment type based on Mann—Whitney U test

Fracture pattern CRPS Reoperation Smoking Belsky score Complication AO fracture type
Kirschner-wire ~ 0.006 1 0.579 0.565 1 0.31 1
group (P)
Plate-screw
osteosynthesis
group (P)

angulation, and rotational deformity did not develop in any
patient. There are studies suggesting that the dorsal approach
is a risk factor for tendon adhesion and therefore recom-
mend a dorsolateral approach. Depending on the surgical
treatment and mobilization performed in proximal phalan-
geal fractures, poor functional outcomes may occur due to
extensor tendon adhesion or joint stiffness, and material
extraction may sometimes be required [11, 22-24]. We
believe that optimal soft tissue dissection and periost repair
reduces adhesiveness in surgical application. Tenolysis was
performed in two patients, and material extraction was per-
formed in one patient due to PIP joint contracture in the
plate group. In the K-wire group, tenolysis was performed
in one patient due to contracture. No statistical difference
was observed between reoperation and complication rates
(P>0.05).

Although malunion is the most common bone complica-
tion in the treatment of proximal phalangeal fractures, non-
union, arthrosis, and infections can also be seen [11, 25]. In
this study, radiological union was obtained in an average of
4.5 (3-6) weeks. In the literature, it has been reported that
union is achieved in an average of 4-8 weeks [11, 26]. In
terms of union time, the plate group was statistically supe-
rior to the K-wire group (P <0.05). We attributed this result
to the periosteal repair and early mobilization. Healing with
better functional outcomes is achieved in patients with rigid
fixation that allows for early postoperative rehabilitation
[11]. In this study, we performed tenolysis in three patients.
Sudeck’s atrophy was observed in two patients treated with
tenolysis. A significant difference was found between the
grip strengths of two groups (P> 0.05). Functional evalua-
tion parameters [VAS 0.8 (0-2), DASH 7 (2-27), and finger
pulpa and finger curve distance 3 (0—8) mm] were similar to
other comparative studies in the literature [11, 22]. Accord-
ing to Belsky score, we obtained excellent results in 18
patients, good results in 19 patients, and poor results in 3
patients. Cold intolerance and Sudeck’s atrophy are among
the uncommon complications that can develop in phalangeal
fractures. Although immobilization time was different in
both groups, Sudeck’s atrophy was observed in one patient
in both groups.

The current study had certain limitations such as
being retrospective, having a short follow-up period, and

a heterogeneous fracture pattern. However, to eliminate
postoperative bias, all evaluations were performed by dif-
ferent surgeons. We believe that conducting prospective,
randomized, controlled, and preferably multicenter studies
with homogeneous fracture patterns will contribute more to
developing a standardized algorithm for treatment approach.

Conclusion

Patients with extra-articular proximal phalangeal fractures
should regain function in a short time. Indication for sur-
gery is transverse, communicated, longitudinal, spiral, and
oblique fractures with unsustainable stability. Anatomic
localization of fracture and most importantly pattern of frac-
ture are the main determinants of method of fixation. K-wire
fixation can be preferred for transverse fractures, plate fixa-
tion can be preferred for comminuted fractures, and both can
be preferred for oblique and spiral fractures.

Plate-screw osteosynthesis in the extra-articular, unsta-
ble fractures of the proximal phalanx [16], which is “small”
compared with the body but has a “major function” for the
upper extremity, allows for rigid fixation, short immobili-
zation, and early motion in spiral/oblique-fragmented frac-
tures. The use of K-wire fixation, an alternative treatment
modality, for selected fracture patterns with appropriate
indications can achieve good—excellent results radiologi-
cally and functionally.

Compliance with ethical standards

Conflict of interest The authors report no conflict of interest.

References

1. Drenth DJ, Klasen HJ (1998) External fixation for phalangeal and
metacarpal fractures. J Bone Joint Surg Br 80(2):227-230

2. Le Nen D (2014) Extra-articular fractures of the digital metacar-
pals and phalanges of the long fingers. Chir Main 33(1):1-12.
https://doi.org/10.1016/j.main.2013.08.007

3. Kurzen P, Fusetti C, Bonaccio M, Nagy L (2006) Complications
after plate fixation of phalangeal fractures. J Trauma 60(4):841—
843. https://doi.org/10.1097/01.ta.0000214887.31745.c4

@ Springer


https://doi.org/10.1016/j.main.2013.08.007
https://doi.org/10.1097/01.ta.0000214887.31745.c4

604

European Journal of Orthopaedic Surgery & Traumatology (2019) 29:597-604

10.

11.

12.

13.

14.

15.

Lins RE, Myers BS, Spinner RJ, Levin LS (1996) A comparative
mechanical analysis of plate fixation in a proximal phalangeal
fracture model. J] Hand Surg Am 21(6):1059-1064. https://doi.
org/10.1016/S0363-5023(96)80316-9

Robinson LP, Gaspar MP, Strohl AB, Teplitsky SL, Gandhi
SD, Kane PM, Osterman AL (2017) Dorsal versus lateral plate
fixation of finger proximal phalangeal fractures: a retrospective
study. Arch Orthop Trauma Surg 137(4):567-572. https://doi.
org/10.1007/s00402-017-2650-x

Kamath JB, Harshvardhan Naik DM, Bansal A (2011) Cur-
rent concepts in managing fractures of metacarpal and pha-
langess. Indian J Plast Surg 44(2):203-211. https://doi.
org/10.4103/0970-0358.85341

Kozin SH, Thoder JJ, Lieberman G (2000) Operative treatment
of metacarpal and phalangeal shaft fractures. J] Am Acad Orthop
Surg 8(2):111-121

Franz T, von Wartburg U, Schibli-Beer S, Jung FJ, Jandali AR,
Calcagni M, Hug U (2012) Extra-articular fractures of the proxi-
mal phalanges of the fingers: a comparison of 2 methods of func-
tional, conservative treatment. J Hand Surg Am 37(5):889-898.
https://doi.org/10.1016/.jhsa.2012.02.017

Faruqui S, Stern PJ, Kiethaber TR (2012) Percutaneous pinning of
fractures in the proximal third of the proximal phalanx: complica-
tions and outcomes. J Hand Surg Am 37(7):1342—1348. https://
doi.org/10.1016/j.jhsa.2012.04.019

Gaston RG, Chadderdon C (2012) Phalangeal fractures: displaced/
nondisplaced. Hand Clin 28(3):395-401. https://doi.org/10.1016/j.
hcl.2012.05.032

Desaldeleer-Le Sant AS, Le Sant A, Beauthier-Landauer V, Ker-
fant N, Le Nen D (2017) Surgical management of closed, iso-
lated proximal phalanx fractures in the long fingers: functional
outcomes and complications of 87 fractures. Hand Surg Rehabil
36(2):127-135. https://doi.org/10.1016/j.hansur.2016.08.009
Lee SG, Jupiter JB (2000) Phalangeal and metacarpal fractures of
the hand. Hand Clin 16(3):323-332

Ebinger T, Erhard N, Kinzl L, Mentzel M (1999) Dynamic treat-
ment of displaced proximal phalangeal fractures. J Hand Surg Am
24(6):1254-1262. https://doi.org/10.1053/jhsu.1999.1254
Hudak PL, Amadio PC, Bombardier C (1996) Development of an
upper extremity outcome measure: the DASH (disabilities of the
arm, shoulder and hand) [corrected]. The Upper Extremity Col-
laborative Group (UECG). Am J Ind Med 29(6):602—-608. https
://doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-
AJIM4>3.0.CO;2-L

Belsky MR, Eaton RG, Lane LB (1984) Closed reduction and
internal fixation of proximal phalangeal fractures. J Hand Surg
Am 9(5):725-729

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Logters TT, Lee HH, Gehrmann S, Windolf J, Kaufmann RA
(2017) Proximal phalanx fracture management. Hand (N Y). https
://doi.org/10.1177/1558944717735947

Rajesh G, Ip WY, Chow SP, Fung BK (2007) Dynamic treatment
for proximal phalangeal fracture of the hand. J Orthop Surg (Hong
Kong) 15(2):211-215. https://doi.org/10.1177/230949900701500
218

Held M, Jordaan P, Laubscher M, Singer M, Solomons M (2013)
Conservative treatment of fractures of the proximal phalanx: an
option even for unstable fracture patterns. Hand Surg 18(2):229—
234. https://doi.org/10.1142/S0218810413500287

von Kieseritzky J, Nordstrom J, Arner M (2017) Reoperations
and postoperative complications after osteosynthesis of phalan-
geal fractures: a retrospective cohort study. J Plast Surg Hand Surg
51(6):458-462. https://doi.org/10.1080/2000656x.2017.1313261
Henry MH (2008) Fractures of the proximal phalanx and metacar-
pals in the hand: preferred methods of stabilization. ] Am Acad
Orthop Surg 16(10):586-595

Meals C, Meals R (2013) Hand fractures: a review of current
treatment strategies. J Hand Surg Am 38(5):1021-1031. https://
doi.org/10.1016/j.jhsa.2013.02.017 (quiz 1031)
LiG,LiuS,ChenG, LiZ,Liu Y, Sun G, Lu Q, Li X, Tan J, Guan
M (2015) Comparison of clinical outcomes of phalangeal fracture
treated with dorsolateral approach or post-middle approach using
AO mini titanium plate. Indian J Surg 77(Suppl 2):657-661. https
://doi.org/10.1007/512262-013-0968-3

Page SM, Stern PJ (1998) Complications and range of motion
following plate fixation of metacarpal and phalangeal fractures.
J Hand Surg Am 23(5):827-832. https://doi.org/10.1016/S0363
-5023(98)80157-3

Onishi T, Omokawa S, Shimizu T, Fujitani R, Shigematsu K,
Tanaka Y (2015) Predictors of postoperative finger stiffness in
unstable proximal phalangeal fractures. Plast Reconstr Surg Glob
Open 3(6):e431. https://doi.org/10.1097/GOX.000000000000039
6

Basar H, Basar B, Basci O, Topkar OM, Erol B, Tetik C (2015)
Comparison of treatment of oblique and spiral metacarpal
and phalangeal fractures with mini plate plus screw or screw
only. Arch Orthop Trauma Surg 135(4):499-504. https://doi.
org/10.1007/s00402-015-2164-3

Horton TC, Hatton M, Davis TR (2003) A prospective randomized
controlled study of fixation of long oblique and spiral shaft frac-
tures of the proximal phalanx: closed reduction and percutaneous
Kirschner wiring versus open reduction and lag screw fixation. J
Hand Surg Br 28(1):5-9


https://doi.org/10.1016/S0363-5023(96)80316-9
https://doi.org/10.1016/S0363-5023(96)80316-9
https://doi.org/10.1007/s00402-017-2650-x
https://doi.org/10.1007/s00402-017-2650-x
https://doi.org/10.4103/0970-0358.85341
https://doi.org/10.4103/0970-0358.85341
https://doi.org/10.1016/j.jhsa.2012.02.017
https://doi.org/10.1016/j.jhsa.2012.04.019
https://doi.org/10.1016/j.jhsa.2012.04.019
https://doi.org/10.1016/j.hcl.2012.05.032
https://doi.org/10.1016/j.hcl.2012.05.032
https://doi.org/10.1016/j.hansur.2016.08.009
https://doi.org/10.1053/jhsu.1999.1254
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-AJIM4>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-AJIM4>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-AJIM4>3.0.CO;2-L
https://doi.org/10.1177/1558944717735947
https://doi.org/10.1177/1558944717735947
https://doi.org/10.1177/230949900701500218
https://doi.org/10.1177/230949900701500218
https://doi.org/10.1142/S0218810413500287
https://doi.org/10.1080/2000656x.2017.1313261
https://doi.org/10.1016/j.jhsa.2013.02.017
https://doi.org/10.1016/j.jhsa.2013.02.017
https://doi.org/10.1007/s12262-013-0968-3
https://doi.org/10.1007/s12262-013-0968-3
https://doi.org/10.1016/S0363-5023(98)80157-3
https://doi.org/10.1016/S0363-5023(98)80157-3
https://doi.org/10.1097/GOX.0000000000000396
https://doi.org/10.1097/GOX.0000000000000396
https://doi.org/10.1007/s00402-015-2164-3
https://doi.org/10.1007/s00402-015-2164-3

	Comparison of low-profile plate-screw and Kirschner-wire osteosynthesis outcomes in extra-articular unstable proximal phalangeal fractures
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Surgical method and postoperative protocol

	Results
	Statistical methods

	Discussion
	Conclusion
	References




