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Abstract:

Fractures involving the physes of the distal forearm are exceedingly common in children, representing upwards of
one-third of all pediatric fractures. These injuries are often amenable to closed treatment, but physeal injury can lead to
premature arrest and significant related long-term sequela. Common practice guidelines have not been established
amongst the pediatric orthopaedic community for radiographic monitoring, need for three-dimensional imaging, and
treatment algorithms in these injuries. This review seeks to outline the literature and share the perspective and methods
of a panel of pediatric upper extremity experts in order to provide a framework for better understanding these injuries
and treating their growth-related sequelae.

Key Concepts:

e Patients with traumatic injuries to the distal radial or ulnar physes should be followed clinically and radiograph-
ically until they demonstrate resumed symmetric growth, often > 6-12 months.

e Ulna epiphysiodesis is reserved for patients with a radial growth arrest who are at risk for developing ulnocarpal
abutment.

e Completion of a partial radial arrest is considered if remaining growth would lead to deformity.

e Ulnar shortening osteotomy is indicated for ulnar positive wrists with normal alignment of the distal radius. Distal
radius corrective osteotomy (addressing both length and deformity) should be considered for those with ulnar posi-
tive wrists and deformity.

e  Wrist arthroscopy for evaluation and possible repair of the TFCC could be considered in patients with ulnar-sided
wrist pain and/or clinical instability of the DRUJ.

Introduction

The distal radial ossification center forms prior to 12 physes at a young age can lead to length discrepancy and
months of age. The distal ulna ossification center forms deformity. Fractures involving the physes of the distal
later, between 5-7 years of age. Both of these ossifica- forearm are exceedingly common in children, represent-
tion centers account for 70-80% of longitudinal growth ing upwards of 1/3 of pediatric fractures in large popula-
of their respective bones; injury of one or both of these tion studies.'*
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While the Salter-Harris classification system is a valua-
ble tool at describing physeal injuries, it does not pre-
dict which fractures will be more likely lead to a
growth arrest. Fracture of the distal ulna physis can
have a growth arrest in up to 50% of cases. Distal ra-
dius physeal fractures are less susceptible to arrest, but
those that are widely displaced or require multiple at-
tempts at reduction are also at risk. Rapid growth at
the distal radius and ulna physes leads to continuous re-
modeling of the metaphysis making the thin cortices
susceptible to fracture. Fractures can range from
buckle, to displaced and shortened metaphyseal, and to
Galeazzi fracture dislocations; most of these injuries
are amenable to closed treatment. Interestingly, there
are reports of patients who sustain metaphyseal frac-
tures without apparent physeal fracture extension who
develop a growth disturbance.>¢

When a growth arrest occurs, there are a variety of dif-
fering treatment options available. This review seeks to
outline the literature and share the perspective and meth-
ods of a panel of pediatric upper extremity experts in
hopes of providing a framework for better understanding
these injuries and treating their growth-related sequelae.

Guidance from the Literature

The question of why a fall on an outstretched hand—the
most common mechanism for distal forearm injuries—
leads to a fracture through the epiphysis, physis, or met-
aphysis of the radius and/or ulna has been addressed in
recent literature.!"!? Younger children more often sustain
diaphyseal radius and ulna shaft fractures, while teens
fractures tend to be more distal. When the distal physes
are involved, females are 1.5 years younger than their
male counterparts on average.® Tredwell et al. proposed
the concept that forearm fractures “migrate distally” with
age due to changes in the geometry of the shaft and met-
aphyses of these bones, the ratio of cancellous to cortical
bone, and the transition of forces as the length of these
long bones increase with age.'?

The radius and the ulna converge at the wrist joint, with
the radius pronating and supinating around the ulna at
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the distal radial ulnar joint (DRUIJ), which also stabilizes
the wrist during rotation and loading. True Galeazzi in-
juries with DRUJ dislocation are rare in the pediatric
population; rather, the force of injury is transmitted
through the path of lesser resistance—namely, distal ra-
dius and distal ulna physeal separation—Ileading to a Ga-
leazzi-equivalent or pseudo-Galeazzi injury, an injury
previously shown to have a high growth-related compli-
cation rate.'*

Distal radius physeal fractures outnumber those of the
distal ulna; however, isolated distal ulna physeal frac-
tures (which must be distinguished from styloid frac-
tures) are almost always associated with a fractured ra-
dius and are more likely to develop physeal arrest, re-
gardless of whether they are treated open or
closed.>*1>16 Golz et al. reviewed 18 patients with dis-
tal ulna physeal fractures and found that 10 of these
(55%) developed premature physeal closure and a re-
sultant ulnar minus variance of 2-30 mm. Seven of
those 10 patients developed secondary changes of the
distal radius and carpus. The difference seen in the
rates of physeal arrest between the radius and the ulna
may reflect the anatomy of this articulation—namely,
the continuity provided by the DRUJ complex and the
force required to overcome the protective effect of the
meniscus between the ulna and the proximal carpal
I'OW.14’15

Rate of growth abnormalities relates to fracture mor-
phology, energy of mechanism, and patient age. In gen-
eral, studies cite rates of physeal arrest of the distal ra-
dius to be less than 5%, however, asymptomatic mild
discrepancies may exceed this.!"'"-?* A long-term out-
comes study of consecutive distal forearm physeal inju-
ries provided an average of 25.5 (range 14-46) year fol-
low-up of 163 lesions in 157 patients. Of these, 48 pa-
tients (31%) had a radioulnar length discrepancy ranging
from 2 mm to 6.5 cm—of these, 38 patients had a small
discrepancy (2-9 mm) and were asymptomatic, leaving
10 patients with radioulnar length discrepancies > 10
mm, all of whom were symptomatic and two of whom
had disabling functional deficits.*!

www.jposna.org



JPOSNA
Volume 3, Number 2, May 2021

Guidance from Expert Panel

A panel of five experts from different centers across the
U.S. were asked to participate in a comprehensive review
of 13 cases with the hope that each of these experts’ per-
spectives will reflect their differences in training, patient
populations, and operative experience in order to provide

an encompassing approach to these injuries. Cases were
selected for review such that a variety of patient ages, :
Figure 1 (left). R wrist injury films for Case 1
Figure 2 (right). Post-cast films for Case 1

fracture patterns, severity, and injury mechanisms were
represented (Table 1). Several representative cases will be

described for illustration, then the results of this survey Figure 1. This was treated with closed reduction and

will be outlined more comprehensively.

Case 1: A 14+8-year-old boy fell playing hockey and in-
jured his right wrist. He was found to have a dorsally
translated Salter Harris (SH) 1 distal radius fracture and
minimally displaced ulnar styloid fracture shown in

casting (Figure 2).

Three of our five panelists reported they would plan to
follow this patient for 6 months, and two panelists would
follow for 12 months. Of note, one panelist noted that
they would follow the patient beyond 6 months if any

Table 1. Summary of Cases Reviewed by Expert Panel

Age/ Initial Interval at Which
Initial Inj Resultant Deformit
Case# Gender ftiat tnjury Treatment Disturbance Identified esuttant Delormity
1 13F SH2 DR fx, USF CR, cast 1 year Partial DR arrest, dorsal
DR tilt, ulna +
2 10F Metaphyseal DR and DU fxs CR, cast 3.5 years Full DU arrest, ulna -
3 13 M DR fXx, ulna shaft fx, USF CRPP 5 mos Full DR arrest, ulna +
4 14 M SH1 DR fx, USF CR, cast 1 year Full DR arrest, ulna +
5 14 M Metaphyseal DR fx, USF CR, cast 1 year DR healed short, ulna +
6 12M Metaphyseal DR fx, SH3 DU Elevated radial inclination,
physeal separation CR, cast 3 years full DU arrest, ulna -
7 11F DR fx gnd DU physeal CR, cast 1 year Full DU arrest, ulna -
separation
8 12M | SH4 DR fx, USF CRPP 8 mos DR physeal bar, decreased
radial inclination
9 10 M Open SH2 DR fx, segmental 1&D, DR pinning, |, o Full DR arrest, ulna +
ulna shaft fx ulna flex nail
Partial DR arrest, dorsal tilt
10 10F Metaphyseal DR fx CR, cast 18 mos of DR, ulna +
11 13M SH2 DR fx CRPP 1 year Full DR arrest, ulna +
12 I3F | SH2 DR fx, USF CR, cast 4 mos Full DR arrest, dorsal tlt
of DR, ulna +
13 10 M Atraumatic premature DR Unknown Unknown Full DR arrest, dorsal tilt
physeal arrest of DR, ulna +

* Abbreviations: DR (distal radius), DU (distal ulna), fx (fracture), USF (ulnar styloid fracture), SH (Salter Harris), CR (closed re-
duction), CRPP (closed reduction with percutaneous pinning)
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Figure 3. R wrist I-year post injury (AP, lat)

asymmetry of the Parker Harris growth arrest lines or
change in ulnar variance was noted.

The patient then followed up 1 year later with the com-
plaint of vague ulnar-sided wrist pain. New radiographs
(Figure 3) demonstrated 2.5 mm positive ulnar variance
compared to the contralateral wrist. When queried about
the need for three-dimensional imaging, three of our
panelists advised they would proceed with wrist MRI at
this time, one panelist would proceed with CT scan, and
one panelist would obtain 3D imaging only if the patient
had a recent/new traumatic injury with pain and instabil-
ity of the distal ulna. This patient had a wrist MRI per-
formed (Figure 4).

Based on the imaging above, four of our panelists would
plan to perform drill epiphysiodesis of the distal ulna
and an ulnar shortening osteotomy (USO) at this time.
One panelist would perform USO followed by a wrist
scope to evaluate +/- repair the TFCC if there was evi-
dence of DRUJ instability on exam after osteotomy fixa-
tion. In reality, this patient underwent isolated drill
epiphysiodesis of the distal ulna (Figure 5), and he expe-
rienced radiographic improvement in his ulnar variance
and complete resolution of his wrist pain 9 months later
(Figure 6).

Case 2: A 12-year-old boy fell from his scooter injuring
his left wrist. He was found to have a displaced metaph-
yseal distal radius fracture and a displaced SH4 distal
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Unaffected L wrist

Figure 4. MRI [-year post injury

4b

Figure 5. Fluoro imaging of drill epiphysiodesis of ulna

#

Figure 6. Nine months after drilling, ulnar
variance near neutral

ulna fracture which was treated with closed reduction
and casting (Figure 7).

Of our five panelists, two would plan to follow this in-

jury radiographically for 6 months and three would plan
to follow for 12 months. Two panelists emphasized that
they would follow this patient longer than stated if there
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Figure 7. Injury and post-reduction casted films for Case 2

was asymmetry in Park-Harris growth arrest line or
change in ulnar variance. This patient was seen 6 weeks
post injury (Figure 8), then lost to follow-up until 3
years late r (at 15 years of age) with wrist pain and de-
formity (Figure 9). One panelist would not plan to obtain
additional imaging at this time. Two panelists would
plan to get a CT at this time, one an MRI, and one a CT
and MRI. In reality, this patient did not have additional
3D imaging performed. Based on the radiographs availa-
ble, three panelists would proceed with an isolated short-
ening and closing wedge radial osteotomy to address
length and angular deformity and drill epiphysiodesis of
the distal radius. The other two panelists proposed the
same plan and would also consider gradual ulnar length-
ening. One panelist advised that the ulna should be left
negative given its atypical shape. In reality, this patient
underwent distal radius hemi-epiphysiodesis and under-
went ulna lengthening with fixator removal once the re-
generate developed cortical continuity. His course was
complicated by a fall while skateboarding and his ulna
was subsequently rodded (Figure 10). After all his im-
plants were removed, his distal radial inclination and ul-
nar variance was improved (Figure 11).

Case 3: A 12-year-old boy sustained a right SH4 distal
radius fracture and was treated with closed reduction and
percutaneous pinning (Figure 12). Four of our five pan-
elists agreed that they would follow this patient radio-
graphically for 12 months or more. Our fifth panelist ad-
vised following a minimum of 6 months or until there
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Figure 9. Three-
year post-injury
films

Figure 10. Patient
underwent distal
radius hemiepiphys-
iodesis with a plate
and screws and
gradual ulnar
lengthening,
followed by rodding
of the ulna after a
fall.

Figure 11. Fluoro

image at implant
removal
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Figure 12. Injury x-ray, CT and post-pinning x-ray

was clear evidence of symmetric distal radial growth
without change in ulnar variance.

The patient was evaluated at 8 months post injury. He
remained asymptomatic. Based on the findings at 8
month follow-up, three of our panelists would proceed
with MRI, one with CT, and one would defer further im-
aging unless the patient had new onset of pain with a
new injury—in this case, an MRI arthrogram would be
obtained to evaluate the TFCC.

Based on the patient’s radiographs and MRI findings
(Figure 13), three of our panelists would proceed with

Figure 13. Eight-months post-injury x-ray
and MRI

radial bar resection and one with close observation. Our
final panelist would base the decision more heavily on
clinical symptoms: if asymptomatic, drill epiphysiodesis
of the distal radius and ulna would be performed, if the
patient had ulnar sided wrist pain, an USO would be
added, and if the patient had ulnar sided pain with insta-
bility, a wrist scope and TFCC repair would also be
added. In reality, this patient underwent bar resection but
maintained significant residual vs. partially recurrent de-
formity and ultimately underwent osteotomy and pin fix-
ation and completion drill epiphysiodesis of the radius
and ulna (Figure 14).

Table 2. Summary of Our Panelists’ Follow-Up Recommendations Based on Injury Type

Injury Description

Anticipated Length of Follow-Up

SH distal radius fracture +/-
ulnar styloid fracture

Panelists were divided between recommending 6 vs. 12 months of radiographic follow-up, with slight
preference for 12 months. Clarification provided that follow-up should continue until the physis
“declares itself,” symmetric Parker Harris growth arrest lines are noted, and no progressive change in
ulnar variance is identified.

SH distal radius fracture and
SH distal ulna fracture

Panelists emphasized that distal ulna physeal separations are bad actors and must be followed until
resumed growth can be seen via growth arrest lines or absence of change in ulnar variance over 6-12
months.

SH distal radius fracture and
ulnar metaphyseal or diaph-
yseal fracture

Two panelists recommended 6-month follow-up. Three recommended 12-month follow-up.

Metaphyseal radial fracture
and ulna styloid fracture

Two panelists recommended 6-month follow-up. Three recommended 12-month follow-up.

Metaphyseal radius and ulna
fractures

Two panelists recommended follow-up only until evidence of radiographic healing is present. Two
recommended 6-month follow up, and one recommended at least 12-month follow-up (until fracture is
fully remodeled).
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Figure 14. Bar
resection, recur-
rence/residual,
osteotomy/drilling,
and final follow-up
x-ray

Table 3. Description of Imaging and Treatment Preferences Based on Growth Disturbance Type

Description of Growth-Related
Sequelae

Preference for
3D Imaging

Treatment Recommendations

Positive ulnar variance with normal
alignment/ tilt of the distal radius

Panelists varied in their
preference for MRI vs. CT
on a case-by-case basis;
however, MRI was fa-
vored by a factor of 2:1
over CT when cases were
combined.

All five panelists would perform ulnar shortening osteotomy
and drill epiphysiodesis of the distal ulna in the majority of
these cases. In less than half of these cases, one to two panel-
ists noted they would consider a wrist scope with TFCC eval-
uation +/- repair if the patient had instability of the DRUJ on
exam.

Positive ulnar variance with deformity
of the distal radius

Three panelists favored
MRI. Two favored CT.

In one particular case, one
panelist favored both CT
and MRI.

All panelists would proceed with completion drill epiphysi-
odesis of the distal ulna and radius (as needed).
In ADDITION:

Three panelists would proceed with radius corrective osteot-
omy. One panelist would proceed with planned distal radius
corrective osteotomy and USO.

One panelist would proceed with USO.

Negative ulnar variance with normal
alignment/ tilt of the distal radius

Four panelists favored
MRI. One favored CT.

Four panelists would proceed with radial osteotomy, one of
whom would also perform a wrist scope for TFCC evalua-
tion/repair. One panelist would proceed with rotational ulnar
osteotomy and wrist scope.

Negative ulnar variance with
deformity of the distal radius

Two panelists would ob-
tain CT. One would obtain
MRI. One would obtain
both MRI and CT. One
did not feel 3D imaging
was needed.

All five panelists would proceed with distal radius osteotomy
to correct angulation and tilt. Three would also perform drill
epiphysiodesis of the distal radius. Two panelists would also
plan for gradual ulnar lengthening.

Potential physeal bar formation

Four panelists would
obtain MRI. One would
obtain CT.

Three panelists would plan for surgical bar resection. One
panelist would closely observe the patient so long as they
remain asymptomatic. One panelist would perform drill
epiphysiodesis of both the distal radius and ulna.

Copyright @ 2021 JPOSNA

www.jposna.org




JPOSNA

Volume 3, Number 2, May 2021

The remaining cases were similarly reviewed. The need
for follow-up was determined based on injury films and
preference for imaging and treatment modalities were
determined based on later follow-up radiographs once a
growth disturbance had been identified.

Recommendations for follow-up in these injuries (Table
2) as well as imaging recommendations and treatment
approaches for the differing growth arrests (Table 3)
were then summarized.

Summary

The abundance of distal forearm fractures requires al-
most all pediatric orthopaedic surgeons to treat and fol-
low these injuries. There is a wide variability in practice
pattern in regards to length of follow-up and need for
treatment should growth arrest ensue. The literature
highlights the wide variability in outcomes of these inju-
ries. Our panel of experts demonstrated that significant
variability exists in how we monitor, image, and treat
these patients, but review of their responses does high-
light several critically important concepts:

Summary for Follow-Up Recommendations

e Length of necessary follow-up is difficult to stand-
ardize. Rather, these patients should be followed un-
til they demonstrate resumed symmetric growth of
both the distal and ulna physes. This can be inferred
based on symmetric migration of Park Harris growth
arrest lines and/or absence of change in ulnar vari-
ance on successive radiographs. If there is any
doubt, at least 12 months of follow-up is preferred.

Summary for Evaluation

e In addition to contralateral wrist films, the diagnosis
of growth arrests via CT versus MRI is provider de-
pendent. There was a preference for MRI amongst
providers who were more consistently planning to
perform a wrist arthroscopy and possible TFCC in-
terventions; however, this was variable. There was
significant preference for MRI in the setting of eval-
uation for possible physeal bar.
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Summary for Treatment Strategies

e Early ulna epiphysiodesis is utilized fairly liberally
in asymptomatic patients with complete radial arrest
(no radial deformity) and there is growth remaining
for the ulna to become problematic with pain from
abutment.

e Drill epiphysiodesis of the distal radius should be
considered (provided substantial growth remains) in
the setting of mild angular deformity due to partial
arrest. If growth remains, concomitant ulna epiphys-
iodesis is recommended to prevent ulna abutment
from developing.

e Distal radius corrective osteotomy (addressing both
length and angulation) for patients with moderate to
severe deformity of the distal radius (angulation or
tilt) is preferred. If the ulna remains positive after
correction, then growth arrest and/or ulna shortening
osteotomy (USO) should be considered.

e USO is favored for patients with symptomatic ulnar
positive wrists with normal alignment of the distal
radius

e The addition of wrist arthroscopy for evaluation and
possible repair of the TFCC is provider dependent
and tends to be favored in those patients who have
both ulnar-sided wrist pain and/or clinical instability
of the DRULI.

e Use of guided growth for excessive radial tilt as a re-
sult of ulna tethering from extreme shortening and
ulna lengthening via acute step cut or via distraction
osteogenesis can be considered in select cases de-
pending on degree of ulna shortening.

Additional Links

e  Ulnar Shortening Osteotomy for Ulnocarpal
Impaction
http://www.posnacademy.org/media/Ul-
nar%20Shortening%200steot-
omy%20for%20UlInocarpal%20Impac-
tion/1_zgdg4zmk
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e Displaced Distal Radius Fractures in Children: To
Reduce or Not to Reduce? To Pin or Not to Pin?
https://www.jposna.org/ojs/index.php/jposna/arti-

cle/view/77

e Pediatric Hand and Wrist Trauma:
Distal Radius Fractures
http://www.posnacademy.org/media/Distal%20Ra-
dius%?20Fractures%20(Pediat-
ric%20Hand%20and%20Wrist%20Trauma)/0_ljcljg
4n
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