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Malunions are fractures that have healed with a deformity. Multiple abnormalities 
can coexist, but only one usually takes the lead causing symptoms, such as bone 
shortening, finger scissoring, etc. It is mainly caused by insufficient reduction. 
Malunions of the metacarpals are usually apex dorsal, while malunions of the 
phalanx tend to angulate volarly. Each patient with malunion should be assessed 
individually and treated conservatively if there is little to no functional impairment. 
Surgeries can be used to treat individuals with angular and rotational deformity.
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Introduction
Fractures of phalanges and metacarpals are very common 
and being associated with complications renders their 
high prevalence more dangerous [1]. Complications 
can arise whether the treatment is conservative or 
surgical, and taking care of these issues is integrated in 
the routine management of these fractures [2]. One of 
these complications is malunion, and this term is used to 
describe fractures that have healed with a deformity [3]. 
Although being clinically stable, their functional impact 
on the metacarpals and the phalanges varies depending 
on many factors like the type, location and severity of 
the deformity, the presence or absence of joint or tendon 
adhesions and the time elapsed since the operation [4]. 
Malunion’s symptoms can range from being asyptomatic, 
needing only rehabilitation, to potentially disturbing hand 
function requiring thus a treatment like an osteotomy [3].

This review article will shed light on available evidence 
regarding this pathology, to make its management 
clearer for orthopedic surgeons.

Etiologies
Metacarpal and phalangeal fractures make up 40% of all 
upper extremity fractures with frequent complications 
such as stiffness, malunion, nonunion, infection, tendon 
ruptures and adhesions [1]. The distal phalanx has the 
highest rate of fracture in the hand [5]. Young men and 
old women are the most susceptible usually. Fracture 
in young men is mostly due to sports injuries, while 
middle aged men are more susceptible to work injuries, 
and fractures in the elderly are mostly seen after a fall 
or road accident [5].

The problem can be an angular deviation in the 
coronal and/or sagittal plane, a rotational deformity 

or shortening [2], with the latter being usually due to 
angulation [3]. It can also be a combination of all three 
deformities, however one always predominates over 
the others [6]. Malunion usually occurs after a closed 
treatment of an unstable fracture, but it can also be due 
to a failed open reduction and internal fixation [2].

Risk factors
Despite the high frequency of metacarpal and 
phalangeal fractures, the literature does not provide 
clear guidance on how to best treat these injuries in 
order to prevent complications such as malunion. High 
level evidence is difficult to obtain since the fractures 
can be simple or comminuted with a very wide range of 
presentations, preventing randomized controlled trials, 
while studies published have a low number of patients 
[7,8]. Furthermore, it has been shown that there is no 
significant difference in the occurrence of metacarpal 
and phalanx malunion between percutaneous fixation 
in the procedure room versus the operating room [9]. 
In addition to conventional risk factors, misdiagnosis 
can prevent accurate and timely treatment of hand 
injuries, thus increasing the chance of complications 
including malunion [8].

Phalanx malunion influencing factors
Before 2008, there had been a single attempt at a 
prospective randomized controlled trial of spiral isolated 
and long oblique fracture of the proximal phalanx 
comparing lag screws and percutaneous pinning. Lag 
screws showed a high (8/15) frequency of malunions 
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compared to the possibility of good fixation and 
reduction [10]. Most simple short oblique and transverse 
fractures of the proximal phalanx should preferably be 
stabilized by two longitudinally placed Krischner wires 
through a fully flexed MCP joint. Often, using a single 
wire increases the risk of rotational deviations [7].

Conservative treatment has shown good results for the 
treatment of proximal phalangeal fractures in some 
studies; Held et  al. showed a 5% rate of malunions 
(3/62 patients) [11]. Ahmad et  al. reported one 
malunion in 15 patients treated conservatively [12]. 
Both Rajesh et al. and Özçelik et al. found no malunion 
in 32 patients (each) treated conservatively [13,14]. In 
addition, another study by Singh et  al. included 84 
fractures in 68 patients. Forty-seven were treated with 
closed reduction and immobilization, and had showed 
4 malunions, and of the 37 treated surgically with 
various techniques, one malunion was noted [15].

Metacarpal malunion influencing factors
Spiral metacarpal fractures have shown equally good 
results with non-operative treatment versus surgical 
treatment in many studies [16]. A study following 25/30 
patients after conservative treatment of spiral metacarpal 
fractures showed only one malrotation of 5° [17].

Simple head fractures should be treated by lag screws 
with deep countersinking of the screwhead [7]. 
However, neck fractures usually do not need open 
treatment and present no complication, functional 
or radiographic difference between intramedullary 
K-wire fixation and transverse pins [18].

Comminuted metacarpal fractures are typically treated 
with lateral plate fixation in order to stabilize it. The 
metacarpal bone has a true lateral surface distally which 
twists into a dorsolateral plane near the shaft, so when 
the plate is not carefully contoured early on, there can 
be an iatrogenic rotational malunion [7].

Clinical presentation and complications
Generally, a symptomatic metacarpal or phalangeal 
malunion is of rare occurrence [19], but when it does, 
its functional impact depends on its location, severity, 
type, involvement of joint, time elapsed since the injury 
and the co-presence of joint or tendon adhesion [4]. The 
deformities can range from mild, cosmetic, to severe 
with functional impairment [20]. A sagittal deformity 
is usually accepted especially in metacarpals, whereas 
a rotational deformity could cause fingers scissoring 
[21–23], and an intra-articular malunion, could results 
in arthritis [20].

To examine these deformities, plain radiographs are 
the standard imagings [19], but this method might 

not be in correlation with the clinical appearance 
and functional disabling, therefore the doctor must 
examine the deformity along with its functional 
impairment [3]. Three-dimensional computed 
tomography (3D CT) can provide a precise evaluation 
of the bony malformation, which is impossible using a 
2-dimensional CT scan and conventional radiographs 
[24].

Phalangeal malunion
Many of the phalangeal malunions can be acceptable 
without the requirement of a surgical intervention, but 
when it’s a severe angular or a combined angular and 
rotational deformity, it can cause cosmetic problems 
with an impairment of daily life activities, because of 
the resulting complications like fingers scissoring and 
deviation during finger flexion [25]. Other deformities 
can also lead to extensor lag, grip strength reduction, 
and an intra-articular malunion can result in capsular 
loosening, finger stiffness and osteoarthritis [26]. At 
the distal interphalangeal (DIP) joint, intra-articular 
malunion can cause extensor lag at the DIP joint 
which leads to proximal interphalangeal (PIP) joint 
hyperextension, causing a Swan-neck deformity [20].

Malunions of the proximal phalanx (which are often 
multidirectional) can be classified into 4 groups: 
shortening, rotation, lateral angulation and volar 
angulation [2]. The proximal phalanx neck fractures 
tend to angulate dorsally [27], alongside all of the 
distal condylar phalangeal ones [28]. This angulation 
will result in a subcondylar fossa obliteration with new 
bone formation, thus leading into a mechanical block 
of flexion [27]. When it comes to proximal phalanx 
fractures, the most common angulation is volar/palmar 
[2]. When this angulation exceeds 15°, it will cause an 
extensor lag because of bone length shortening and 
consequential increase in the length of the extensor 
tendon [29,30]. Whereas when it exceeds 25°, both 
extension and flexion are affected [31]. This extensor 
lag at the PIP joint can cause a fixed flexion contracture 
[20], which in turn will result in a pseudo-claw 
deformity [2]. The risk of an increase in flexor tendon 
adhesion may occur due to an increase in fractured 
bone ends exposure, and a decrease in tendon excursion 
due to residual angulation [30]. The most functional 
impairment resulting from a proximal phalanx 
malunion is due to digit malrotation, specifically on 
making a fist [32].

When compared to malunion of proximal phalanx and 
metacarpal bones, malunion at the middle phalanx 
shaft causes less functional problems [33]. In middle 
phalangeal malunions, the angulation is either apex 
dorsal when the fracture is proximal to the insertion 
of the flexor digitorum (FDS), or apex volar when the 
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fracture is distal to the insertion of the FDS [20]. In 
the latter, an alteration of the flexor tendon dynamics 
and correlative DIP and PIP joint deformities may 
appear [3].

Lateral angulation can appear due to bone loss in the 
fractured area, which can result in scissoring of the 
digits that can be absent during fist formation, because 
of the trapping effect of the neighboring digits [2].

Metacarpal malunion
When it comes to angular malunion, metacarpal shaft 
fractures usually have apex dorsal deformities with 
sagittal plane angulation [2]. Safe ranges of angulation 
vary from one finger to another, being up to 10° in the 
index/middle fingers, 20° in the ring fingers and 30° 
in the small finger [2]. This range difference shows 
the capacity of functional disability compensation of 
carpometacarpal (CMC) joints of the ring and small 
finger. Due to this angulation, metacarpal shortening 
occurs, which may cause extensor lag and loss of grip 
strength [34,35], and the latter can become measurable 
after 30° of dorsal angulation [34,36,37], but 
shortening greater than 3–4 mm is usually prevented 
by the deep intermetacarpal ligaments [38]. Other 
complications can occur like pseudo-claw deformity, 
knuckle contour loss, muscle fatigue and cramping, 
prominence of the metacarpal head in the palm of the 
hand and visible and/or palpable angular metacarpal 
deformity on the back of the hand [3]. Angulations in 
the coronal plane are tolerated as long as there is no 
digit impingement [39]. These angulations’ toleration 
also vary between fingers, as they are more supported 
in the lateral metacarpals than in the medial ones [3]. 
In the evaluation of lateral metacarpal angulation, 
impingement is better examined while fingers flex 
and converge, whereas clinical deformity is more 
apparent when the fingers are extended [3]. In the 
little finger, metacarpal neck and shaft fractures result 
in a palmar angulation, which may cause its shortening 
and thus lead into its weakness [40]. But as long as 
this angulation is less than 30°–40° degrees in the 
shaft fractures, functional capacity of the injured hand 
will not be reduced [41]. In shaft fractures, aesthetic 
deformity is usually due to palmar angulation, whereas 
it is due to finger shortening in neck fractures [42].

To clinically measure the malunion in the neck and 
shaft fractures of the little finger [42], a straight 
metacarpophalangeal (MCP) measurement must be 
obtained while placing both hands flat on a table, and 
that is in order to assess the difference between the 
length of the ring and little finger, and compare it with 
the uninjured hand, thus examining the little finger 
metacarpal shortening [41]. A 90-MCP measurement 
is also clinically relevant to examine the little finger’s 

metacarpal angulation or palmar displacement (in 
this case the injured 5th finger will be longer, thus a 
reduced difference with the ring finger) and to do so, 
both hands must be placed on a table with the MCP 
joint flexed to 90°, with the fingers flat on the surface 
and perpendicular to the table edge, and the same 
comparison as the straight MCP measurement must 
take place [41]. The absence of correlation between 
this clinical measurement, the fracture on the X-ray 
and the palmar angulation may question the validity of 
these methods in malunion evaluation, but ultimately 
they both seem to assess some of the malunion’s aspects 
[42].

When it comes to malrotation, it is mostly present in 
the ring and small fingers [3]. This rotational malunion 
transmits and magnifies the rotation distally to affect 
the whole digit [2,3] which may cause symptomatic 
finger scissoring or impingement [3], and thus will not 
be tolerated [2]. During clinical evaluation, the patient 
must make a fist in order to detect digits’ overlap and 
deviance of the convergence toward the scaphoid 
tubercle [2]. The contralateral hand can be used for 
comparison purposes when examining scaphoid 
convergence and digit rotation but it is not as reliable 
when it comes to digital overlap [43]. Physicians must 
also be vigilant in radiographs examination, because 
even a small degree of rotational malunion can cause a 
significant amount of functional impairment [2].

Treatment
Non-operative treatment
Even though the frequency of complications in 
malunion surgery is low, surgery is not always the 
best course of action. Sometimes accepting a mild 
deformity is better than operative correction and each 
case should be individually assessed to decide on the 
appropriate course of action [3]. Indications for surgical 
management of metacarpal malunions have appeared 
in the literature mainly following cadaver studies. As 
mentioned previously, shortening of less than 2 mm, 
dorsal angulation of less than 25° (ring finger), 30° 
(5th metacarpal) or 10° (middle fingers and index) can 
be accepted depending on each patient’s wishes and 
cosmetic goals. Coronal deviation is accepted as long 
as fingers do not impinge.

In children with distal condylar phalangeal fractures 
in the sagittal plane, bone remodeling has been 
shown as an alternative to surgical treatment. In 2012, 
Pucket et  al. reported significant remodeling in the 
sagittal plane (mean of 57.5% to 0.0%) accompanied 
with improved range of motion (97.5% flexion 
improvement with insignificant extension asymmetry). 
Prior to this study, remodeling was only thought to 
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occur in children younger than 7  years of age but of 
the 8 cases mentioned, 2 patients were 12 years old and 
another pair was 14. This study showed no significant 
remodeling in the coronal plane [33].

In 2019, Al Qattan et al. published a retrospective study 
of 8 patients who had a laterally deviated malunion of 
the small finger and were treated non-operatively. 7 
showed normalization of the diaphysal axis-metacarpal 
head angle at final follow-up (between 9–18 month), 
the remaining one had an improvement from 162.9° 
(4–6 weeks after injury) to 175.7° (at 2 years) [44].

Operative treatment
Surgery to correct metacarpal and phalangeal 
malunions has multiple benefits that include functional 
and cosmetic improvement. It is best performed during 
the first 10 weeks after injury, since the callus is still 
immature (easily removable) and the fracture can be 
recreated (with dental picks or small osteotomes) and 
adjusted. If not performed within this time frame, 
it becomes best to wait until maximum functional 
recovery (at least 3  months) before undergoing the 
procedure. If there is contracture of the joint or tendon 
adhesions, they can be tackled concomitant to the 
surgery [3,4,45].

Angular deformity
For angular deformity, an opening or closing wedge 
osteotomy can be used to realign the malunited bone 
[31,46–51]. Closing wedge osteotomies (CWO) consist 
in the extraction of a bone fragment (a ‘wedge‘), and 
then align and stabilize the remaining two fragments 
without the need for a bone graft. This procedure is 
more likely to cause bone shortening [3,4,49]. CWO 
is simpler than opening wedge osteotomy, and is 
less likely to induce stiffness and muscle contracture 
[3,46,48,50]. When osteotomy is done at the site 
of malunion, if a rotational component is present 
concomitantly to the angular deformation, it can be 
approached at the same time.

Opening wedge osteotomy (OWO) implies the use of a 
bone graft (usually cancellous bone) in order to precisely 
fix the deformity. Osteotomy can be performed at the 
malunion site or elsewhere. The decision of where to 
operate can be influenced by many factors. If multiple 
components of deformity are present, it is preferable 
to operate on the injury site in order to treat both the 
rotational and angular deformity simultaneously. It 
should also be noted that diaphyseal bone heals slower 
than metaphyseal-diaphyseal junctions [3,4,52,53], so 
especially if malrotation predominates on the injury site, 
it is preferable to operate at the junction. In rotational 
deformity of the phalanx, surgery on the metacarpal 
bone (transverse osteotomy of the base) can correct 

20° in the index, ring and middle fingers, and 30° in 
the fifth finger [3,54], and can avoid complications 
related to phalangeal surgery which can compromise 
the extensor apparatus. However, metacarpal surgery 
to treat a phalangeal fracture can lead to a zig-zag 
deformity.

Intercondylar wedge resection can produce a larger 
condylar fragment when associated with a sliding 
osteotomy of the injury site with its proximal 
supporting cortex, thus making manipulation and 
repair easier [55].

In 2007, yong et al. [56] presented a novel osteotomy 
technique for the correction of angular deformity, 
where instead of removing the segment of bone 
completely, it is rotated and placed back as a graft. 
4/4 metacarpal and ½ phalangeal angulations were 
completely corrected using this technique, and the 
other phalangeal angulation was 75% corrected. Grip 
strength and pain also improved, and bone union 
occurred uneventfully though late in 2 cases. This 
technique avoids bone shortening and graft collection 
from distal sites. Another technique which prevents 
morbidity due to the collection of a distant bone graft 
was presented in a case report by Capo et al. in which 
the author harvested a graft locally from the metacarpal 
head to use on a proximal extra-articular phalangeal 
fracture [57].

Between 2010 and 2011, Zhang et  al. treated 21 
patients who had fifth metacarpal malunions with an 
opening wedge osteotomy. The results showed healing 
at an average of 2 months. 5 patients did not have any 
extensor lag at final follow-up, 13 had between 1 and 
10 degrees of extensor lag and 3 had between 11 and 
20 degrees of extensor lag with a mean follow-up of 
14  months. Pinch strength and grip strength were 
comparable with the non-injured hand and 19 patients 
were esthetically satisfied, while 2 were sometimes 
concerned about the appearance [58].

Proximal phalanx neck fractures are difficult to treat 
since the bone is small and difficult to stabilize. Kang 
et  al. described an approach from the mid-lateral 
ulnar side of the fifth proximal phalanx, in order to 
avoid the posterior extensor apparatus. After exposure 
of the proximal interphalangeal joint, the surgeon 
burred down the P1 volar cortex and reconstructed 
the subcondylar fossa. This technique is only suitable 
for angular malformation, and care should be given to 
spare the neurovascular bundles of the finger [27].

A retrospective study of 14 metacarpal fractures 
treated with a closing wedge osteotomy showed 
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that stabilization with temporary intramedullary 
Kirschner wires and plate fixation may provide more 
stability. All patients returned to their usual work 
and sports activity at final follow-up. 11 patients had 
concomitant rotational deformity which disappeared 
in 10 patients, showing that rotational deformities can 
be concomitantly treated when the osteotomy is at the 
malunion site [59].

Haider et  al. [60] tried to approach 11 cases of 
phalangeal and metacarpal malunions using a multiple 
drill hole osteotomy instead of the usual oscillating 
saw. Of these, one case of broken drillbit was 
observed, but no other postoperative or intraoperative 
complication was observed. Hirsiger et  al. [19] used 
CT scans for pre-operative planning as well as for 
post-op evaluation, accompanied by the creation of 
guides adapted to each patient using a 3D printer. 
Average rotational deformity improved from 10° to 
2.3°, and translational malposition went from 1.4 mm 
to 0.4 mm. In 2 cases, soft tissue irritation happened, 
and the implants had to be removed. Grip strength 
improved in 5 out of 6 patients. Eleven patients with 
malunited proximal phalanx accompanied by flexor 
tendon adhesion were examined retrospectively [61]. 
They underwent antegrade intramedullary pinning 
accompanied by stepwise tenolysis. The results were 
good pain improvement and good to excellent range of 
motion recovery. No complications were noted.

In simple intra-articular fractures of the first metacarpal 
base, Van Royen et  al. introduced a new technique 
which aims to restore trapeziometcarpal anatomy 
after aberrant healing of the fracture site. It consists of 
an anterolateral approach followed by closing wedge 
osteotomy and fixation with 3 interfragmentary screws. 
Passive mobilization of the trapeziometacarpal joint 
starts after 2 weeks of immobilization. Short-term 
improvement of pain and grip strength was seen, but 
whether this technique prevents osteoarthritis in the 
long term requires prolonged follow-up [62].

Izmalkov et al. treated 4 patients with fifth metacarpal 
malunion and 1 patient with fourth metacarpal 
malunion. The procedure was a V-shaped open wedge 
osteotomy at the top of the malformation. Grip 
strength, angulation and ROM improved. Stiffness 
was noted in one case [63].

Rotational deformity
Transverse extra-articular osteotomy at the base of the 
metacarpal, as introduced by Weckesser, has been used 
to treat rotational malunion of the metacarpals and 
phalanges [3,4,64]. We did not encounter any recent 
application of the technique in our search.

Step-cut osteotomies are also an alternative in correcting 
diaphyseal rotational deformities in the phalanx and 
metacarpals. It was first introduced by Manktelow and 
Mahoney with 10 patients, who had successful recovery 
and functional improvement after metacarpal step-cut 
osteotomy. Then Pichora et al. [65] operated 16 phalanx 
and 7 metacarpal rotational malunions with step-cut 
osteotomies. All the patients healed, but some patients 
had residual stiffness. In 2009, Jawa et al. introduced 
a modified step-cut osteotomy technique, and 12 
patients were treated using this technique. The results 
were improvement of total motion from an average 
of 214° to 251°, and no perioperative complications. 
One patient kept 5° of rotational malalignment, and 
a patient required a secondary tenolysis [66]. In 2017, 
Fujioka et  al. [25] applied the step-cut osteotomy 
technique to successfully treat a rotary deformity of the 
middle phalanx in the ring finger.

Seo et al. introduced a new technique as a minimally 
invasive alternative for the correction of proximal 
phalangeal malunion, with the aim of preventing 
tendon adhesions and extensor apparatus injury. It 
consists in a lateral approach using 2 Kirschner wires of 
small diameter on the malunion site, and then widening 
the aperture by progressively inserting kirschner wires 
of bigger diameters, in order to finally be able to insert 
an osteotome, which will easily permit osteotomy. It is 
done under local anesthesia, so the surgeon can then 
correct bone placement while the patient moves his 
hand until optimal positioning. Then 2 kirschner wires 
were used to stabilize the fracture site. 2-year follow-
up showed no functional deficit, barely discernable scar 
and no deformity [67,68].

Conclusion
Malunions are fractures that healed with deformity 
which can manifest as a malrotation or an angular 
deformity. Multiple deformities can coexist but usually 
only one predominates and causes symptoms, which 
include bone shortening, finger scissoring, loss of grip 
strength as well as tendon adhesions, reduced ROM and 
extensor lag. Many factors contribute to the likelihood 
of malunion, the main one being inadequate reduction. 
Metacarpal malunions are usually apex dorsal, and 
phalanx malunions tend to angulate volarly. Each 
patient with malunion should be evaluated individually 
and may be treated conservatively, especially if there’s 
little to no functional deficit. For patients with angular 
deformity, they can be treated with opening or closing 
wedge osteotomies. If rotational deformity is also 
present, the surgery should be done on the fracture 
site in order to correct both anomalies. If rotational 
deformity is predominant, transverse osteotomy of the 
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metacarpal base and especially step-cut osteotomies 
have shown good results in the literature.
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