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Remodeling Potential of Phalangeal Distal Condylar

Malunions in Children

Benjamin N. Puckett, MD, R. Glenn Gaston, MD, Allan E. Peljovich, MD, Gary M. Lourie, MD,
Waldo E. Floyd III, MD

Purpose Distal condylar phalangeal (DCP) fractures in children are uncommon, but their
periarticular location makes them problematic. Malunions are particularly difficult to treat.
These fractures are generally thought to have a poor remodeling potential because their
location is far from the phalangeal physis. We present 8 cases of DCP malunion in children
with a mean 5-year follow-up demonstrating consistent remodeling.

Methods In this study, DCP fractures were defined as those occurring at or distal to the
collateral ligament recess of the proximal or middle phalanx in skeletally immature patients.
Radiographic parameters examined at the time of established malunion and at final follow-up
included coronal and sagittal plane deformity and translational malalignment of the distal
fragment in relation to the proximal shaft. Range of motion was measured, and a brief
questionnaire was implemented to establish patient satisfaction.

Results We examined 8 patients with a minimum 1-year follow-up (mean, 5.3 y). Average
age at injury was 8.8 years (range, 2–14 y). In the sagittal plane, fractures remodeled from
an initial mean deformity of 30.9° to 0.0°; in the coronal plane, from 10.5° to 3.9°. Fracture
translation in the sagittal plane corrected, as well, from a mean 57.5% at injury to 0.0% at
final follow-up. There was no functionally limiting loss of motion of the digit in any patient.
Subjectively, only 2 patients complained of cosmetic deformity, both of which were coronal
plane deformities of the small finger.

Conclusions In this case series, DCP malunions in children remodeled significantly and
completely in the sagittal plane, and all patients had good final range of motion. Furthermore,
patients were satisfied with nonsurgical treatment at long-term follow-up. This series
describes the remodeling potential of DCP fractures in children, lending support to the
previously reported cases. These findings support treating late-presenting pediatric DCP
malunions nonsurgically. (J Hand Surg 2012;37A:34–41. Copyright © 2012 by the Amer-
ican Society for Surgery of the Hand. All rights reserved.)

Type of study/level of evidence Therapeutic IV.
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i
MOST PHALANGEAL FRACTURES in children are

periphyseal.1,2 Minimally displaced fractures
are managed with protected immobilization,

nd in the case of displacement, most can be managed
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y simple reduction and immobilization, with surgery
nfrequently required.3,4 It is a basic premise in pediat-

ric orthopedics that periphyseal fractures in children
have excellent remodeling capability and that remodel-
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REMODELING OF DCP MALUNION 35
ing potential lessens with increasing distance from the
growth plate. In addition to the presumed poor remod-
eling capacity, fractures of the distal aspect of the prox-
imal and middle phalanx are inherently unstable and
problematic fractures.5,6 We refer to these fractures that
occur distal to the collateral ligament recess as distal
condylar phalangeal (DCP) fractures, but other no-
menclature in the literature includes subcondylar, sub-
capital, cartilage cap, supracondylar, unicondylar, bi-
condylar, avulsion, transcondylar, and phalangeal neck
fractures.7–10

Most authors recommend closed reduction and per-
cutaneous pinning of displaced DCP fractures acutely,
based on the need to maintain articular alignment, their
inherent instability, and poor remodeling potential.11,12

Unfortunately, many of these injuries present in a de-
layed manner due to factors such as inadequate injury
radiographs or that the family or treating physician feels
that the injury is minor. Subacute or delayed presenta-
tions of displaced DCP fractures present an even greater
challenge to the treating physician. Techniques such as
percutaneous osteoclasis or open osteotomy have been
described to address this problem early, and subcondy-
lar fossa recession has been recommended to treat late
malunions, with their expected loss of flexion.13,14

A small number of case reports have shown remod-
eling of these injuries to occur in young children.15–18

We present a series of 8 DCP malunions with a 5.3-year
mean follow-up, demonstrating the impressive remod-
eling capability of these fractures.

MATERIALS AND METHODS
We defined a DCP fracture as one occurring at or distal
to the collateral ligament recess of the proximal or
middle phalanx. A DCP malunion is further defined as
a healed or healing (callus present but less than 3 weeks
from injury) fracture with any degree of malalignment
in the sagittal or coronal plane. In this series, 7 patients
presented to our institution in a delayed fashion with a
DCP malunion as defined earlier. One child (patient 8)
was treated with immobilization for a displaced DCP
fracture and allowed to heal with a malunion as outlined
later.

Following institutional review board approval, we
identified by chart review 17 patients who had pre-
sented with a healed or healing malunion between 1997
and 2007. Eight of these 17 patients had surgery to
correct the malunion and were, therefore, unable to be
assessed for subsequent remodeling. Nine were treated
nonsurgically, with the option of a late subcondylar
fossa reconstruction if needed. None of the 9 patients

who were observed required a late surgical procedure.
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Of the 9 patients, 7 were able to be contacted and
returned for a long-term follow-up (patients 1–7). One
patient was lost to follow-up and could not be found,
and the other patient was contacted by phone. This
patient was now in college, too far away to return for
follow-up, but he did note over the phone that he had no
problems with the finger and felt that he had full range
of motion and function of the injured finger.

Patient 8 was treated nonsurgically for a late present-
ing malunion by a hand surgeon at a second institution
and added to the study. This was a 6-month-old patient
who had a closed reduction and casting acutely, then at
3 weeks the reduction was lost and the patient was
observed. This particular case is more appropriately
termed a displaced DCP fracture allowed to heal and
remodel rather than a DCP malunion at the time of
presentation, but the patient has been included in the
study because the natural history parallels the other
study patients. Including patient 8, we were able to
follow up with 8 of 10 patients in the office, and 1
patient by phone.

Average age at injury was 8.8 years (range, 2–14 y),
and average time to final follow-up was 5.3 years
(range, 1—9.25 y). Demographic data included patient
age at injury, the involved finger, and the involved
phalanx (Table 1).

Radiographic parameters examined at the time of
established malunion and at final follow-up included
coronal and sagittal plane angular malalignment, as
well as the percentage of translation of the distal frag-
ment relative to the shaft. Coronal and sagittal plane
alignment was measured with one line drawn down the
longitudinal axis of the phalanx and one line perpen-
dicular to the articular surface. The angle of these in-
tersected lines was recorded to the nearest degree with

TABLE 1. Demographic Data

Patient
No. Injured Digit

Age at
Injury

Follow-Up
(mo)

1 L index P2 2 y 19

2 R index P2 10 y 21

3 R small P1 14 y 82

4 R small P1 12 y 78

5 R small P1 12 y 108

6 L small P1 6 y 111

7 R index P2 14 y 84

8 L small P1 6 mo 12

P1, proximal phalanx, P2, middle phalanx.
a goniometer. Translation was reported as the percent-
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36 REMODELING OF DCP MALUNION
age of translation of the distal fragment relative to the
mid-axial point of the shaft on the lateral image (Fig. 1).
The percentage of translational displacement was quan-
tified in an effort to describe the volar spike component
that presumably blocks flexion of the affected joint.
Range of motion was determined at the final follow-up
visit, using a goniometer placed along the dorsum of the
digit centered over the involved joint. Each patient was
asked to grip a pencil in each hand to determine
whether there was any rotational deformity. Subjective
patient satisfaction was determined with a brief, 6-ques-
tion survey (Table 2).

Statistical methods

Statistical analysis was performed using 2-tailed t-tests
with SAS software (Statistical Analysis System, Cary,
NC), with significance set at � 0.05 in all cases.

RESULTS
The results are summarized in Table 3. In the sagittal
plane, fractures remodeled from an initial deformity
mean of 30.9° (range, 8° to 90°) to 0.0° (range, 0.0° to
0.0°) (P � .016) (Fig. 2).

Fracture translation in the sagittal plane corrected

FIGURE 1: Measurement of translational deformity or ‘volar
spike’ component. Percent fracture translation � A/B � 100.
from a mean 57.5% (range, 10% to 100%) to 0.0%
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(range, 0.0% to 0.0%) (P � .01) (Fig. 3). In the coronal
plane fractures, 4 patients remodeled to varying de-
grees, but this remodeling did not reach statistical sig-
nificance (P � .15). The average initial coronal plane
deformity was 10.5° (range, 4° to 34°), and the final
average coronal deformity was 3.9° (range, 0° to 8°).

Final joint range of motion was compared to the
opposite hand and found to be minimally different
clinically, but statistically significant (P � .04). On
average, patients regained 97.5% (range, 94% to 100%)
flexion, with only 2.4° loss of motion compared to the
contralateral hand. None of the patients noted a loss of
motion clinically. Change in extension was increased
0.3° in the injured finger compared to the contralateral
hand, which was clinically and statistically insignificant
(P � .35). We noted no clinical rotational deformities at
final follow-up. Subjectively, only 2 patients com-
plained of cosmetic deformity (patients 3 and 4), both
of which were ulnar coronal deviation deformities of
the small finger. Otherwise, there were no subjective
complaints.

DISCUSSION
Fractures that involve the distal condylar area in chil-
dren require careful attention. Unlike periphyseal frac-
tures, periarticular DCP fractures can be associated with
a loss of motion. Treatment requires monitoring of
alignment because maintaining alignment of the joint
tends to confer better motion. When displaced, these
fractures are treated with surgery, most commonly re-
duction and percutaneous pinning, to restore align-
ment.12

All DCP fractures tend to be unstable and displace
into a volar apex, dorsally angulated pattern.5 This
deformity can cause considerable morbidity due to loss
of the subcondylar fossa, which creates a mechanical
block to full digital flexion. The unstable nature of these

TABLE 2. Brief Subjective Questionnaire

Do you have any complaints or are you unhappy in any way
with your treatment?

Do you have difficulty writing or drawing?

Do you have trouble grasping objects?

Do you have trouble putting your hands in and out of your
pockets, or with taking objects in or out of your pockets?

Do you have any pain?

Do you have a cosmetic deformity that concerns you?

If anything could be done surgically to change your outcome,
would you change it?
injuries and the problems associated with malalignment
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TABLE 3. Patient Data

Patient
No./

Age at
Injury

Initial Sagittal
Plane

Deformity
(° Dorsal

Angulation)

Final Sagittal
Plane

Deformity
(° Dorsal

Angulation)

Initial Coronal
Plane Deformity

(° Ulnar Deviation)

Final Coronal Plane
Deformity

(° Ulnar Deviation)

Percent Initial
Translational

Deformity

Percent Final
Translational

Deformity

Clinical Rotational
Deformity at Final

Follow-Up

Final Range of
Motion (° Extension

and Flexion)*

Complaint at
Final

Follow-Up

1/2 y 52 0 4 4 75% 0% None L index DIP None

0–66 (0–68), 97%

2/10 y 8 0 4 1 10% 0% None R index DIP None

0–75 (0–75), 100%

3/14 y 30 0 4 4 100% 0% None R small PIP Cosmetic

0–98 (0–98), 100%

4/12 y 16 0 8 8 25% 0% None R small PIP Cosmetic

8–118 (6–12), 94%

5/12 y 12 0 8 8 50% 0% None R small PIP None

0–102 (2–104), 98%

6/6 y 15 0 10 3 60% 0% None L small PIP None

0–77 (0–80), 96%

7/14 y 24 0 12 3 40% 0% None R index DIP None

0–70 (0–74), 95%

8/6 mo 90 0 34 0 100% 0% None L small PIP None

0–90 (0–90), 100%

DIP, distal interphalangeal joint; PIP, proximal interphalangeal joint.
*Final range of motion (contralateral side in parentheses), percent of flexion regained compared to contralateral hand.
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38 REMODELING OF DCP MALUNION
have led previous authors to recommend that displaced
distal condylar fractures be treated with closed or open
reduction followed by percutaneous pinning.5,12 These
recommendations hold, especially in light of their pre-
sumed poor remodeling potential.

A number of patients who sustain DCP fractures will
present in a delayed manner. It is not uncommon that
the injury is felt to be innocuous by the family or the
initial treating physician or that adequate radiographs
are not initially obtained. We have also observed that
referring physicians might treat these injuries like their

FIGURE 2: Lateral radiographs. A Patient 8 at injury (6 mont
months after injury, demonstrating full remodeling. D Patient 3
at 82 months after injury, demonstrating full remodeling.
periphyseal cousins, with buddy-straps or flexible alu-
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minum splints, unaware of their unstable nature. Late-
presenting malunions with advanced healing pose a
challenge. To re-establish a subcondylar fossa and im-
prove range of motion, authors have recommended
open osteotomy up to 3, 4, and even 6 weeks after the
initial injury.12,19 The problem is that, although open
osteotomy can restore radiographic alignment, the ex-
pected increase and restoration of motion is rarely seen
due to the extensive soft tissue stripping and scarring
that these open procedures create.13 Open osteotomy
also carries the risk of avascular necrosis due to the

age). B Patient 8 at 2 months after injury. C Patient 8 at 11
4 years of age. E Patient 3 at 2 months after injury. F Patient 3
hs of
at 1
tenuous collateral blood supply of the distal phalanx.20
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REMODELING OF DCP MALUNION 39
Beyond 6 weeks, the fracture has likely healed, and
Simmons and Peters advocated a late subcondylar fossa
reconstruction to restore the flexion–extension arc.14

More recently, and for fractures presenting with mal-
union within a few weeks of injury, Waters has dem-
onstrated that a closed, percutaneous osteoclasis can
effectively restore radiographic alignment without the
soft tissue problems faced with a more traditional os-
teotomy and can reliably restore mobility.13 The prob-
lem remains, however, that some children present too
late for a percutaneous osteoclasis or the family does
not desire surgery right away, preferring to wait.

All surgical techniques for this difficult to treat prob-
lem are based on the premise that, because phalanges
have growth plates at their proximal end, there is min-
imal remodeling potential at the distal aspect of the
phalanx. Several authors have reinforced this thought
process and, thus, recommended surgical treatment of
late-presenting distal condylar fractures.4,11,21 In con-
trast, Ogden et al offered 2 mechanisms whereby re-
modeling distal from the growth plate might indeed
occur.22,23 Bone formation under an elevated perios-
teum might contribute to correcting an angular defor-
mity, and forces consistent with Wolff’s law in the
flexion–extension plane might promote remodeling,
such as in the subcondylar fossa. In fact, over the last

FIGURE 3: Lateral radiographs. A Patient 5 at injury (12 year
B Patient 5 at 108 months after injury, showing complete remo
several years, surgeons have recognized this remodel-
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ing potential at the distal phalanx, and 5 cases have
been reported in the literature.15–18 Although all of
these 5 children were young (the oldest being 7 y old),
all patients regained good range of motion, with 4 of 5
reportedly regaining full range of motion.

These case reports have shed new light on the natural
history of distal condylar fractures in demonstrating that
remodeling can occur at the distal aspect of the phalanx,
contrary to previous thinking. Cornwall and Waters
stated that although previous case reports “add support
to the conclusion that such remodeling can occur, we
cannot conclude from these single cases, however, how
often or under what circumstances (like fracture type,
degree of angulation, or patient age) such remodeling is
likely to occur.” 18 In the 2 senior authors’ practices
over a 10-year period, 9 late-presenting malunions of
101 DCP fractures were treated nonsurgically, and we
were able to follow up with 88 total patients, including
1 patient contributed by a third surgeon. All of these
injuries were extension-type fractures, and all remod-
eled, regardless of age or degree of angulation. Previ-
ously, there have been no reports of remodeling in a
child over the age of 7 years for this fracture type.15

Based on the ages of the case reports, Waters stated that
only young children have the potential to remodel.24 In
our series, 2 patients were 14 years old at initial injury,

age), with considerable volar spike or translational component.
g of the translational deformity.
s of
and 2 patients were 12 years old; all 4 of these patients
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40 REMODELING OF DCP MALUNION
completely remodeled in the sagittal plane. All patients
had open growth plates at the time of injury. It appears
that the presence of an open growth plate, rather than
the chronological age, is more predictive of remodeling
potential in the distal aspect of the phalanx. Not ad-
dressed in this series is larger coronal plane or rotational
malunions. Based on the increased predilection for
functional impairment, these types of malunions might
require surgery more frequently, and they likely have
lower capacity to remodel.

Our average follow-up was 5.3 years, and we found
no complications resulting from nonsurgical treatment,
which is consistent with previous case reports. In fact,
all patients were happy with nonsurgical treatment and
said that they would choose the same treatment again.
All patients clinically regained full range of motion in
the flexion–extension arc. We did, however, find that
significant remodeling did not occur in the coronal
plane (P � .15), and 2 of the patients complained of a
cosmetic deformity. Both of these patients had an ulnar
deviation deformity of the small finger, which they both
felt was an acceptable malalignment. In their original
criteria for nonsurgical treatment, Cornwall and Waters
predicted that coronal and rotational malalignment
would not remodel and were, therefore, indications for
surgery.18 We have found this prediction to be true, in
that our patients did not have significant remodeling in
the coronal plane (P � .15). No rotational deformities
were known to be present at the time of initial presen-
tation or at final follow-up.

Due to their inherent instability, when distal condylar
fractures are diagnosed acutely and displaced, they
should be treated with surgical reduction and fixation,
which can usually be accomplished with closed manip-
ulation and percutaneous pinning. For incipient mal-
unions presenting between 2 and 5 weeks of injury, the
patient and parents can be offered the options, such as
of percutaneous osteoclasis described by Waters et al or
nonsurgical treatment with periodic follow-up.13 Wa-
ters specifically addressed this clinical scenario and
similarly recommended that patients could be given an
option but that surgically correcting these injuries
would resolve the patient’s problem more rapidly,
thereby improving range of motion more quickly.24 He
also prefaced this recommendation by saying that non-
surgical treatment was only an option in, specifically,
young patients. We agree with these assessments, but
note that our study suggests that older children are also
quite capable of remodeling.

Limitations of this study would be lack of a random-
ized, prospective nature and a lack of interobserver

reliability analysis. Despite the lack of randomization,
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we had minimal selection bias, in that all patients were
treated within our original algorithm: all patients pre-
senting between 2 and 4 weeks were treated surgically,
and all those presenting after 4 weeks were treated with
observation. This does raise the question of whether
patients presenting between 2 and 4 weeks will obtain
an advantage with surgical intervention compared to
observation. Still, with the outstanding long-term clin-
ical outcomes we have found in our patients treated
nonsurgically, our current approach to treating these
injuries is indeed altered by our study results. We con-
tinue to treat nondisplaced DCP fractures with casting
and weekly re-evaluation to ensure that these fractures
remain well aligned. For those children who present
acutely and with displacement, we continue to recom-
mend surgery to realign the fracture. For those children
who present with a healing, incipient malunion, we
have changed our treatment algorithm and now offer
the parents either percutaneous osteoclasis or observa-
tion. Just as Waters described previously, we believe
that the advantage of percutaneous osteoclasis might lie
in the earlier return of mobility, but we recognize a
greater remodeling potential than previously thought.24

For those children who present late with a healed mal-
union, we recommend observation. If the fracture fails
to remodel over time, we would offer a subcondylar
fossa reconstruction. And finally, due to the excellent
clinical outcome in patient 8, for young infants with
short, adipose-laden fingers who portray the greatest
remodeling potential and present with displaced frac-
tures, we reserve the consideration for observation,
even in the acute setting, when reduction and fixation
can be challenging in the face of increased anesthetic
risks.

For patients with established DCP malunions and
open physes, we have found a consistent and effective
remodeling capacity as previously reported. These frac-
tures tend to remodel in the plane of motion, but they
remodel to a lesser degree out of the plane of motion
(coronal plane). Based on our results, the option of
nonsurgical observation should be given to children,
regardless of the degree of sagittal plane deformity,
provided that they have open growth plates radiograph-
ically and acceptable coronal and rotational deformities.
To date, nonsurgical recommendations for treating mal-
unions of the distal aspect of the phalanx have been
based on isolated case reports. With this long-term case
series, we have found that complete remodeling in the
sagittal plane occurred in all 8 of our patients when
the growth plate was open. Further, when these injuries
are treated nonsurgically, patients can regain excellent

motion and realize good clinical outcomes.
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