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Introduction
Hand fractures are common and account for up to a third of 
all fractures presenting to emergency departments, with 
phalangeal fractures occurring more commonly than those 
involving the metacarpals.1-3 Injury to the proximal phalanx 
comprises 39% of all phalangeal fractures and poses a sig-
nificant financial and health burden to both the individual 
and the community.4-6 Thus, optimal management is key.

The treatment objective once the proximal phalanx is frac-
tured is to ensure sufficient stability in a satisfactorily reduced 
position to allow early mobilization, thus preventing the for-
mation of adhesions that may limit range of motion and func-
tion.4 Many of these fractures are stable and can be treated 
nonoperatively.7,8 However, fracture pattern and mechanism, 
as well as patient characteristics and functional requirements, 
may necessitate surgical intervention.1,7 Rigid fixation con-
structs are generally preferred to nonrigid fixation, as they 
facilitate precise alignment and earlier mobilization. How-
ever, stable fixation is only one determinant of outcome, with 
invasiveness, degree of soft tissue dissection, and cost also 
important considerations.9
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Abstract
Background: Intramedullary screw fixation of phalangeal and metacarpal fractures has gained popularity as a method of 
providing rigid internal fixation with minimum tendon disturbance, allowing early mobilization and rehabilitation. Despite 
this, the literature on outcomes using this technique is limited. Thus, the aim of this study was to assess the short-term 
to medium-term outcomes of intramedullary screw fixation for proximal phalangeal fracture fixation in an Australian 
setting. Methods: A retrospective analysis of consecutive patients with a fracture(s) of the proximal phalanx fixated using 
intramedullary screws between January 2020 and March 2023 was conducted via telehealth. Results: Forty-six phalangeal 
fractures from 37 patients were included in this study. Mean Quick Disabilities of the Arm, Shoulder, and Hand score of 6.2 
(range: 0-61.4, median: 0), mean pain visual analogue scale score of 1.8 (range: 1-7, median: 1), and mean total active motion 
of 231° (range: 132-282) were noted. A total of 4.4% of fractures sustained a major complication, and 94.6% of patients 
reported willingness to undergo intramedullary screw fixation again. Conclusion: This study concurs with the prior 
literature that intramedullary screw fixation is a safe and effective method of stabilizing extra-articular proximal phalangeal 
fractures in the short to medium term. Superior clinical outcomes, as well as cost-effectiveness and time-effectiveness, 
render it a viable alternative to plate fixation in this setting.
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Intramedullary screw fixation of phalangeal and metacar-
pal fractures has gained popularity as a method of providing 
rigid internal fixation with minimum tendon disturbance, 
allowing early mobilization and rehabilitation, with novel 
methods of instrumentation broadening the indications.10,11 
Screws may be inserted via retrograde intra-articular, ante-
grade intra-articular, and antegrade transarticular routes, 
with choice determined via fracture pattern, patient charac-
teristics, and surgical preference.

Despite the increasing popularity and adoption of the use 
of intramedullary screw fixation, the literature on outcomes 
using this technique is limited. Thus, the aim of this study 
was to assess the short-term to medium-term outcomes of 
intramedullary screw fixation for proximal phalangeal frac-
ture fixation in an Australian setting.

Methods

This study was performed as a retrospective review of a 
series of consecutive patients with proximal phalangeal 
fractures stabilized by intramedullary screws by 2 fellow-
ship-trained orthopedic hand surgeons in Sydney and the 
Gold Coast, Australia. The intramedullary screws were 
inserted via either antegrade or retrograde routes. Following 
provisional fracture reduction, a guidewire was inserted 
through the proximal interphalangeal joint (for retrograde 
insertion), or through the metacarpal head or the metacarpo-
phalangeal joint (for antegrade intra-articular and antegrade 
transarticular insertion, respectively). For extremely basal 
fractures, the technique of reverse instrumentation and sta-
bilization of the fracture followed by antegrade intra-articu-
lar insertion, as described by Sivakumar and Graham, was 
used.11 A small skin incision was then performed, and screw 
length measured. The diameter of the screw was determined 
by the phalangeal anatomy, aiming for an isthmic fit—in 
the vast majority of patients, a 2.2-mm cannulated compres-
sion screw (Medartis AG, Basel, Switzerland) was used. 
The screw was inserted with care taken to hold the digits in 
relaxed flexion, to maintain a normal cascade and prevent 
any malrotation. Patients commenced active range of 
motion within 1 week of the operation, with buddy strap-
ping to the adjacent digits to control rotation, within a hand-
based thermoplastic splint. Radiographs were taken at a 
standardized timepoint of 6 weeks after the operation, with 
a return to normal activities in a graded fashion if union or 
progression to union was noted.

For this study, following procurement of institutional 
ethics approval, records of all patients who had received 
intramedullary screw fixation of proximal phalangeal frac-
tures under the care of the 2 surgeons in the 38-month 
period between January 2020 and March 2023 were 
obtained from a prospectively maintained database. Patient 
details were identified via the computerized medical records 
systems of both public and private institutions.

Patients were eligible for inclusion if they received intra-
medullary fixation of at least 1 proximal phalanx fracture; 
were at least 6 months after the operation at follow-up; and 
consented to receiving telehealth surveys and providing 
clinical photographs for measurement.

Demographic information, fracture characteristics, and 
fixation approach were collated from the medical records. 
Union was determined by the treating surgeon based on 
crossing trabeculations at the fracture site on radiographs, 
and a lack of pain or crepitus on clinical examination. A 
telehealth interview was conducted to assess patient satis-
faction, the presence of complications, return to normal 
function and work, and outcome measures in the form of a 
Quick Disabilities of the Arm, Shoulder, and Hand (Quick-
DASH) and a pain visual analogue scale (VAS). Patients 
also provided clinical photos of the sagittal profile of the 
affected digit in full flexion and extension, from which total 
active motion (TAM) of that digit was calculated (Angles in 
Photo, Kubilay Erdogan, Munich, Germany). Total active 
motion is used as defined by the American Society for Sur-
gery of the Hand as the sum of active motion of the meta-
carpophalangeal and interphalangeal joints of a digit and 
can be compared with a norm of 260°.12 Simple statistical 
analysis was performed where appropriate.13 T tests (2 vari-
ables) and analysis of variance (3 variables) were used to 
determine P values.

Results

Sixty-six patients were identified from the database, with 
37 eligible for inclusion (refer Table 1). Thirty-one patients 
sustained a single fracture; the remainder had involvements 
of multiple digits, resulting in a cohort of 46 digits (refer 
Table 2).

Most patients were men, with a mean age of 42 years 
(16-80) at the time of injury. Sixteen fractures occurred fol-
lowing a fall from standing height; 6 fractures were sus-
tained during work and were covered by workers’ 
compensation insurance. The most frequently involved 
digit was the little (57%), followed by the index (17%) 
(refer Table 2). Roughly three-quarters of the cohort were 
closed injuries, and although most fractures were isolated 
in nature, some patients had tendon or neurovascular dam-
age, or concomitant fractures (refer Table 3). Thirty-two  

Table 1.  Patient Inclusion and Exclusion Characteristics.

Patients with proximal phalangeal fracture Total

All patients 66
  Eligible for inclusion 37
  Ineligible for inclusion 29
    Unable to contact 22
    Follow-up <2 mo 4
    Did not consent 3
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fractures were stabilized through intramedullary screws 
inserted retrograde; the remainder were inserted antegrade 
transarticular (3) or intra-articular (11) (refer Figure 1).

Mean follow-up was 79 weeks (28-183). All patients 
were noted to have united or progressing toward union (as 
evidenced by crossing trabeculation at the fracture site) on 
the 6-week postoperative radiograph. Patients returned to 
work at an average of 7 weeks (0-26), and full function at 14 
weeks (2-46). At follow-up, mean QuickDASH was 6.2 
(0-61.4; median: 0), while mean pain VAS score was 1.8 
(1-7; median: 1) (refer Table 4). One patient developed an 
infection requiring debridement, whilst another required 
hardware removal, yielding a complication rate of 4.4% 
(refer Table 5). Thirty-five patients reported willingness to 

undergo intramedullary screw fixation again, resulting in a 
94.6% patient satisfaction rate (refer Table 6).

Twenty-nine patients provided clinical photographs of 
33 phalanges for TAM assessment. Mean TAM in the lesser 
digits was 233° (132-282), while TAM for the thumb was 
105° (81-129) (refer Supplemental Table 1).

One patient had a particularly poor outcome—after sus-
taining 2 open proximal phalangeal fractures with tendon 
damage in a workplace injury, he developed an infection 
requiring debridement and endured an allergic reaction to 
his antibiotic therapy. This patient reported a QuickDASH 
of 61.4, with calculated TAM of 145° and 166° for each 
digit—when excluded, the mean QuickDASH for the 
remainder of the cohort was 3.8 (0-29.6), mean pain VAS 
was 1.69 (1-7), and the mean TAM was 236° (132-282).

Subanalysis revealed that closed fractures had signifi-
cantly improved outcomes when compared with open frac-
tures in mean return to work (6 cf 11 weeks, P = .009), return 
to full function (12 cf 22 weeks, P = .006), QuickDASH 
(3.49 cf 13.44, P = .023), and TAM (241° cf 206°, P = .017). 
Similarly, patients sustaining single fractures reported supe-
rior outcomes than those suffering from multiple proximal 
phalangeal injuries, for return to work (5 cf 12 weeks, P = 
.001), QuickDASH (3.5 cf 12.1, P = .043), pain VAS (1.35 
cf 2.87, P = .006), and TAM (238° cf 211°, P = .070). Mean 
QuickDASH was significantly poorer in patients whose inju-
ries were covered by workers’ compensation insurance than 
those that were not (15.91 cf 4.28, P = .026). No difference 
was noted between alternate insertion routes for the intra-
medullary screws (refer Supplemental Table 2).

Discussion

Proximal phalangeal fractures are common, posing signifi-
cant health and financial burdens to individuals and the 
community.2-6 Thus, optimal management is key. Recently, 
operative intervention for hand fractures has increased, with 
Kirschner wire (K-wire) and plate fixation traditionally 
being the main operative modalities.1

Table 2.  Patient and Fracture Demographics.

Demographics Total Percentage

Fractures 46  
Patients 37  
  Single fractures 31 83.8
 � Multiple proximal phalangeal 

fractures
6 16.2

Age—mean (range), y 42 (16-80)  
Sex
  Male 24 64.9
  Female 13 35.1
Hand
  Left 23 50
  Right 23 50
Phalanx
  Thumb 2 4.3
  Index 8 17.4
  Middle 4 8.7
  Ring 6 13.0
  Little 26 56.6
Fracture location
  Base 11 23.9
  Shaft
    Proximal 12 26.1
    Mid 13 28.3
    Distal 7 15.2
  Neck 3 6.5
Comminution fracture 10 21.7
Hand dominance
  Dominant 21 45.7
  Nondominant 25 54.3
Fracture state
  Open 13 28.3
  Closed 33 71.7
Work cover status 8 17.4
Mechanism of injury
  Fall 16 34.8
  Work injuries 8 17.4
  Sport injuries 11 23.9
  Other 11 23.9

Table 3.  Comorbidities and Other Injuries.

Comorbidities and other injuries Total Percentage

Relevant comorbidities
  Nil 39 84.8
  Osteoarthritis 6 13.0
  Neuropathy of affected hand 1 2.2
Other injuries
  Nil reported 28 60.9
  Fracture 16 34.8
    Hand 15  
    Rib 1  
  Dislocation 3 6.6
  Tendon damage 3 6.6
  Head injury 1 2.2
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Kirschner wire fixation is rapid and cost-effective, 
requiring minimal soft tissue dissection. However, it often 
yields decreased construct rigidity and rotational control, 
and lacks compression at the fracture site. Protruding wires 
may cause pin site infections; those buried require another 
operation for removal. These limitations necessitate immo-
bilization prior to rehabilitation, which when combined 
with potential extensor apparatus tethering on insertion, can 
cause significant stiffness.14

Biomechanical studies and operative trends indicate that 
rigid fixation constructs such as plates are favorable to non-
rigid alternatives.15-17 However, technique invasiveness and 
soft tissue damage also influence outcomes.18,19 Although 
newer generation plating systems are of lower profile, lim-
ited cross-sectional area available for implant placement 
(due to the intimate relationship between soft tissue and 
bone in the proximal phalanx), and degree of soft tissue dis-
section required in the traditional dorsal tendon splitting 
approach, often causes increased scarring and diminished 
TAM.9 Various approaches and plate positions have been 
suggested to minimize invasiveness and extensor tendon 
impediment, with a meta-analysis by Sivakumar finding that 
tendon-sparing approaches resulted in significantly greater 
TAM (8.5°; 95% confidence interval, 0.8-16.4, P = .03) 
than a tendon-splitting approach.9

Recently, intramedullary screw fixation has been advo-
cated to address concerns of tendon disturbance minimization 

while providing sufficient stability to facilitate early mobiliza-
tion.20 Intramedullary screws can be inserted via retrograde 
(through a flexed proximal interphalangeal joint into the head 
of the proximal phalanx); intra-articular antegrade (where the 
proximal phalanx base is subluxated at the metacarpophalan-
geal joint to facilitate direct entry); and transarticular (where 
the screw is inserted through the metacarpal head into the base 
of the proximal phalanx) routes.21

Various biomechanical and cadaveric studies have allevi-
ated concerns surrounding this technique. Ibanez found that 
intramedullary screw fixation provides greater construct sta-
bility and load to failure than lateral plating.22 Vegas found 
that insertion of 2.8-mm screws via retrograde insertion 
damaged 6.2% of the articular surface of the head of cadav-
eric proximal phalanges, while a 4.1-mm screw affected 
13.4%.23 Retrograde insertion also preserved the central slip, 
with the tendon lesion an average of 2.7 mm wide and 4.9 
mm proximal to its insertion unto the middle phalanx.23

del Piñal assessed articular surface involvement fol-
lowing retrograde insertion, finding that the smallest joints 
had less than 18% and 25% damage with 2.5- and 3.0-mm 

Figure 1.  Approaches: retrograde intra-articular (32/46; 69.6%), antegrade intra-articular (11/46; 23.9%), and antegrade transarticular 
(3/46; 6.5%).

Table 4.  Outcomes.

Follow-up in wk, 
mean (range)

Return to work in 
wk, mean (range)

Return to full function 
in wk, mean (range)

QuickDASH, 
mean (range)

Pain VAS, 
mean (range)

77 (11-183) 7 (0-26) 14 (2-46) 6.30 (0-61.36)
Median: 0

1.85 (1-7)
Median: 1

Note. QuickDASH = Quick Disabilities of the Arm, Shoulder, and Hand; VAS = visual analogue scale.

Table 5.  Major Complication.

Major complication Total Percentage

Nil reported 44 95.6
Hardware removal   1 2.2
Infection and allergic reaction to antibiotics   1 2.2

Table 6.  Patient Satisfaction.

Patient satisfaction Total Percentage

Subjective malrotation or deformity
  No 42 91.3
  Yes   4 8.7
Subjective restriction in motion
  No 29 63.0
  Yes 17 37.0
Patient would undergo intramedullary fixation again
  Yes 35 94.6
  No   2 5.4
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screws, respectively.24 Proximal articular surface lesions 
of the proximal phalanx (via antegrade techniques) are 
markedly smaller, with Borbas reporting 4.5% and 8.5% 
disruption when using a 2.2- or 3.0-mm screw, respec-
tively.25 Notably, the screws used in these studies are of 
relatively large diameter, while this study routinely used 
2.2-mm cannulated screws.

Stern warned that the “push-up” technique for antegrade 
intra-articular screw insertion is technically challenging, as 
dorsal translation usually occurs at the fracture site and not 
through the joint.26 Sivakumar recommended retrograde 
K-wire insertion and fracture stabilization through the prox-
imal interphalangeal joint, prior to dorsal translation, fol-
lowed by antegrade intramedullary screw insertion.11 This 
facilitates screw stabilization of fairly proximal fractures 
without the need for transarticular insertion, broadening the 
indications for use of intramedullary screws.

Despite increasing popularity and adoption of this tech-
nique, outcome data are limited, particularly when consid-
ering proximal phalangeal fractures alone. del Pinal noted 
that intramedullary screw fixation was an effective and 
technically uncomplicated procedure with few drawbacks 
and excellent postoperative range of motion in a cohort of 
19 unstable transverse proximal phalangeal fractures, as did 
Giesen in a larger group of 24 proximal phalanges.21,24 Aita 
reported a DASH score of 3.6 and VAS of 1.5 at 1 year after 
operation in a cohort of 41 patients with 48 fractures.27 A 
systematic review by Sivakumar in 2020 found a pooled 
average TAM of 248° in a cohort of 77 fractures, with a 6% 
complication rate, mean QuickDASH of 3.6, and return to 
work of 9.3 weeks after an average 70.5-week follow-up.10 
More recently, Triwidodo described excellent functional 
and patient-reported outcomes in a small cohort of 3 frac-
tures, while Silins reported significantly shorter durations 
for return to work and greatly improved postoperative range 
of motion in a larger cohort (29 patients with 31 frac-
tures).28,29 Silins also observed that antegrade screw inser-
tion from the radial or ulnar corner allowed treatment of 
complex juxta-articular basal fractures without violation of 
the articular surface.29

This study contributes to the limited literature on intra-
medullary screw fixation in proximal phalangeal fractures. It 
finds a mean TAM of 231°, QuickDASH of 6.2, and pain 
VAS of 1.8 at a mean follow-up time of 79 weeks. One 
patient’s results were significant outliers (QuickDASH of 
61.4, VAS of 6, TAM of 145° and 166°), and removing these 
drastically improves results of the remaining cohort. Despite 
this, the cohort results align with previous publications fol-
lowing intramedullary screw fixation in proximal phalan-
geal fractures and outperform most results following plate 
fixation, particularly via tendon splitting approaches.9,29,30 
As expected, patients with multiple fractures, open injuries, 
and injuries covered by workers’ compensation insurance 
demonstrated poorer outcomes.

Although clinical outcome is the main determinant, vari-
ous factors influence optimal surgical modality, such as 
cost-effectiveness and time-effectiveness. Sivakumar 
reported greater surgical durations, hardware costs, follow-
up requirements, and subsequent hardware removal with 
plate fixation compared with intramedullary screw insertion 
in the Australian health care system, resulting in increased 
expenditure of AUD $1519.41 and AUD $1698.59 in the 
public and private sectors, respectively.6 Wage losses were 
approximately AUD $1973.35 more when fractures were 
fixated by a plate, as opposed to an intramedullary screw.6 
Brewer found that despite lower hardware-associated costs, 
K-wire stabilization carried significantly increased outpa-
tient follow-up costs (AUD $1826 ± $285 vs AUD $1490 
± $274) and a trend toward higher health care–related costs 
when compared with uncomplicated intramedullary screw 
fixation.31

Sivakumar further assessed practice variation in proxi-
mal phalangeal fracture management by surveying mem-
bers of the Australian Hand Surgery Society, finding that 
clinician experience, base specialty training, practice loca-
tion, and practice volume affected decision-making. Ortho-
pedic surgeons and less experienced surgeons were more 
likely to feel comfortable with, and attempt, intramedullary 
screw fixation.32

This study has several limitations, including its retro-
spective nature, small sample size, and reliance on the 
initial documentation accuracy to assess demographic, 
injury, and surgical data. Operations from multiple sur-
geons, across the surgical learning curve, with varying 
methods of screw insertion, lead to potential confound-
ing. Total active motion was not compared with the nor-
mal contralateral side, nor was grip strength measured. 
Quick Disabilities of the Arm, Shoulder, and Hand, 
although allowing comparison with other studies, may be 
affected by hand dominance.33 Postoperative rehabilita-
tion protocols were not detailed and may have varied 
between patients.

However, this study concurs with the prior literature that 
intramedullary screw fixation is a safe and effective method 
of stabilizing extra-articular proximal phalangeal fractures 
in the short to medium term, due to excellent clinical out-
comes, and cost-effectiveness and time-effectiveness. Fur-
ther long-term studies, and randomized controlled trials, are 
required.
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