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Abstract

Background Segmental fractures often result from high-energy or indirect trauma that causes bending or torsional
forces with axial loading. We evaluated surgical outcomes of patients with forearm segmental diaphyseal fractures.

Methods We retrospectively analyzed data from patients with forearm segmental fractures for which they
underwent surgery at the Pusan National University Trauma Center from March 2013 to March 2022. We also analyzed
accompanying injuries, injury severity score (ISS), injury mechanism, occurrence of open fracture, surgical technique,
and treatment results.

Results Fifteen patients were identified, one with bilateral segmental diaphyseal forearm bone fracture, for a total of
16 cases. Nine of the patients were male. The overall mean age was 50 years, and the mean follow-up period was 16.2
months. Six cases who underwent surgery using plate osteosynthesis achieved bone union without length deformity
at final follow-up. Three of seven patients who underwent intramedullary nailing alone underwent reoperation due to
nonunion. Six cases achieved bone union at final follow-up, three of which showed length deformity. Three patients
underwent surgery using a hybrid method of IM nailing, plates, and mini cables. One patient who underwent surgery
with a plate and one patient who underwent surgery with IM nailing alone showed nonunion and were lost to
follow-up.

Conclusion Plate osteosynthesis is considered the gold standard for treatment of adult forearm diaphyseal
segmental fractures. In this study, IM nailing was associated with high rates of non-union and length deformity.
However, the combination of IM nailing and a plate-cable system may be an acceptable alternative in segmental
diaphyseal forearm fracture, achieving a union rate similar to that provided by plate fixation.
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Introduction

The goal of treatment for forearm fracture is to ensure
maintenance of optimal length and radioulnar joint
relationships with full pronosupination [1-3]. There are
various options for treating such fractures, including
closed management and surgical interventions. Decisions
regarding treatment are based on factors such as fracture
pattern, patient age, and soft-tissue envelope integrity [3,
4].

Traditionally, open reduction and internal fixation
(ORIF) is the preferred treatment for forearm shaft frac-
ture because it provides adequate fixation force to the
fractured area [2—5]. Intramedullary (IM) nails are occa-
sionally used in pediatric patients but are generally not
appropriate for adults due to their inability to provide
sufficient rotational and linear stability to this region,
leading to high non-union rates and need for additional
long-term fixation [1]. Early published reports reported
non-union rates for surgery using K-wires, Steinman
pins, or Ender nails [6]. Following numerous improve-
ments, an interlocking IM nail was developed and cur-
rently exhibits adequate surgical outcomes [3, 7-9].

Segmental diaphyseal forearm fracture is an infrequent
occurrence, often resulting from high-energy trauma and
frequently causing soft tissue injury. In addition, depend-
ing on the location of the fracture, the middle fragment
may be long and other fragments too short for rigid fixa-
tion or double plating. In such cases, an interlocking IM
nail can be useful; IM pinning is non-invasive, minimizes
soft tissue damage, and is not limited by fragment length
[3]. Although adequate results have consistently been
reported in the treatment of diaphyseal forearm frac-
tures, the optimal treatment modality has not been estab-
lished, [4, 7, 8, 10] and few reports describe the outcomes
of surgery for segmental fracture in the forearm shaft [7].

In this study, we utilized various surgical interventions
to treat segmental fractures in the forearm shaft and
report short-term outcomes and complications of surgi-
cal treatment of these segmental fractures. In addition-
ally, we introduce a hybrid nail, plate, and cable technique
for repairing segmental diaphyseal forearm fracture.

Materials and methods

This study was approved by the Institutional Review
Board (IRB) of the Medical Research Institute of Pusan
National University. All procedures were performed in
accordance with the relevant guidelines and regulations.
A retrospective study of patients diagnosed with forearm
segmental fractures who underwent surgery from March
2013 to March 2022 at Pusan National University Severe
Trauma Center was conducted. The inclusion criterion
was patients with AO classification C1.1 1.2 1.3, C 2.1
2.2.2.3, or C 3.13.2.3.3. Pediatric patients younger than 18
years were excluded. We assessed patient gender and age,
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accompanying injuries, injury severity score (ISS), injury
mechanism, occurrence of open fracture, surgical tech-
nique, and treatment results.

Surgeries were performed by two surgeons under gen-
eral or brachial plexus block anesthesia. Open reduction
and plate fixation were performed using the standard
surgical method. Radial fractures were mainly treated
through the Henry or Thompson approach, and ulnar
fractures were treated using a posterior approach. Plates
with five or more holes, such as recon-plates or limited
contact dynamic compression plates, were used. In cases
involving bone marrow fixation, Ender nails (DuPuy
Synthes, Raynham, MA, USA) were only used in one
case; all other patients were treated with interlocking
IM nails (Acumed, Hillsboro, OR, USA). Surgeries were
performed using the standard technique according to
the manufacturer’s suggestions. The nail used to fix the
radius was inserted into the medullary canal through an
entry hole created with an awl in the distal end of the
radius. The nail used to fix the ulna was inserted into the
medullary canal the through a longitudinal 1-cm inci-
sion at the tip of the olecranon. Next, a handheld reamer
was inserted to ream the canal and the length was mea-
sured after the reamer was withdrawn. Nail position was
assessed fluoroscopically in orthogonal planes to ensure
that the nail successfully crossed the fracture site and
maintained good reduction. The nail was then inter-
locked with a fully threaded 3.5-mm selftapping screw.
The plate and cable combination technique were mainly
performed at the distal fracture site. An approximately
6 cm incision was made for the radius using the Henry
or Thompson approach and for the ulna using the pos-
terior approach. To minimize periosteal detachment,
the fracture site and the area where the cable should be
placed were dissected. After reduction with a reduction
clamp, a 4-hole plate was placed on the fracture site and
both sides were fixed with cables. When applied to the
nonunion area that occurred after IM nailing alone, the
gap was temporarily fixed with screw fixation and then
reduced using a screw holder or bone graft before fixing
the plate.

In the three patients in whom the nail-plate-cable
hybrid technique was used, the IM nail fixation, four-hole
small recon plate, and 1.0 mm mini-cable (DuPuy Syn-
thes) method were used.

Definitive surgery was delayed up to one month
depending on the patient’s overall condition. Cases that
presented as emergencies were not able to undergo the
complete surgical procedure. In such cases, we recorded
the surgical method as the last bone fixation method
used. A long-arm splint or cast was maintained for six
weeks after surgery. At six weeks postoperatively, the
elbow brace was removed and active forearm supination
and pronation exercises were allowed.
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All patients included in this study were followed for at
least six months. Fracture union was defined as absence
of signs of non-union on anteroposterior and lateral
radiographic views. Before and after surgery, the length
of the ulna was compared with that of the contralateral
ulna using radiographic images. Functional outcomes
were investigated using medical records regarding pain in
the forearm and wrist, as well as the ability to return to
daily life and work.

Results

Fifteen patients with segmental forearm fractures who
underwent surgery at Pusan National University Trauma
Center from March 2013 to March 2022 were identified;
nine were male and six were female. The mean age was
50 years (range, 20-74 years), and the mean follow-up
period was 16.2 months (range, 6.2—22.7 months). The
average ISS was 21.9 points (range, 4—-48 points), and
nine patients had experienced severe trauma with an ISS
of 15 or higher. Among the cases involving accidents,
eight were traffic accidents (four of which were pedes-
trian accidents), three were falls, two were crushing inju-
ries caused by machinery, one was a slip, and one was
an explosion. Eleven fractures occurred on the left fore-
arm. Among the 15 patients, one had bilateral segmental
diaphyseal bone fracture. Among the admitted patients,
seven had open fractures: five Gustilo-Anderson type I,
one type 11, and one type III (Table 1).

There were no cases of postoperative infection, com-
partment syndrome, or neurovascular injury due to sur-
gery. One case required split thickness skin graft due to
soft tissue damage caused by the initial trauma.

Open reduction and plate fixation were performed
in six patients; three required the use of a single plate,
while three required dual plates. Seven cases required
bone fixation using IM nailing; one underwent closed
reduction and fixation with an Ender nail, and six cases
were performed using interlocking IM nails, three of
which required interlocking IM nailing and plate-cable
placement.

During follow-up, three of seven patients who only
underwent IM nailing showed signs of non-union and
underwent reoperation. Two cases that underwent sur-
gery using a hybrid method of IM nailing, plating, and
mini-cable placement with auto-bone graft (Fig. 1) and
one case that underwent ORIF with one plate and auto-
bone graft achieved bone union at final follow-up. One
patient was transferred to another hospital (Fig. 2).

Three cases that underwent surgery using a hybrid
method of IM nailing, plates, and mini-cables, as well
as three cases that underwent ORIF with one plate, all
achieved bone union. Six cases (five patients) who under-
went surgery using plate osteosynthesis achieved bone
union. One patient who underwent surgery using dual
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plates showed nonunion at postoperative six months and
transferred to another hospital (Fig. 3). Among the five
cases of non-union, two were open fractures.

Among the 14 patients who achieved bone union by the
final visit, all three cases in which the plate osteosynthe-
sis and interlocking IM nails-plate-cable hybrid method
was used showed no length changes and achieved pri-
mary bone union. Three cases in which only interlocking
IM nailing was used at the first surgery showed length
changes at final follow-up (Fig. 4).

When patients reported pain and irritation due to
implants, or felt uncomfortable with metal in their body,
implant removal was performed upon request. A total of
five patients underwent implant removal surgery after
obtaining union.

Discussion

In this study, ORIF with plates showed the best results for
bone union, and interlocking IM nailing alone resulted
in a higher incidence of non-union. Even though only 3
patients were treated using the IM nail and plate-cable
hybrid technique, it also showed good results. Although
we included patients with relatively high-energy injuries,
there were no complications such as surgical infection,
soft tissue necrosis, or compartment syndrome. ORIF
affects anatomical reduction and produces the best union
rate and future function. Bridge plating methods have
also been used in more complex fracture patterns, [3, 5,
11] and compression plate techniques are the surgical
methods of choice in simple adult forearm fracture pat-
terns [2]. In cases with extensive open wounds or when
the length of the middle bone segment in segmental frac-
tures is too long to position a plate to sufficiently stabilize
the fracture, dual plates may be used. However, dual plat-
ing may cause mechanical failure due to stress shielding
and can be resolved with IM nailing [7].

IM nailing is a standard treatment for fractures of the
long bone shaft and mainly is used for cases involving
polytraumatic high-energy long-bone fractures, osteo-
porotic bone fractures, or pathological fractures [12, 13].
IM nail techniques minimize damage to soft tissue and
the periosteum and promote secondary callus formation,
providing a better alternative. The recently developed
interlocking IM nailing method prevents not only rota-
tional stability of the fracture, but also bone shortening
[8,9, 14, 15]. Some researchers have suggested that com-
minuted fractures, segmental fractures, and fractures
near the diaphyseal-metaphyseal junction are appropri-
ate indications for interlocking IM nailing in forearm
fractures 3, 5, 7, 16].

However, in our study, IM nailing alone resulted in
a higher incidence of non-union and changes in bone
length. Polat et al. [14] compared two groups who were
treated with IM nails and plates, finding that distant
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Fig. 1 Serial photographs of a 39-year-old female patient showing segmental fracture of the ligament ulna and fractures of the distal radius and radial
neck due to a fall. Interlocking intramedullary (IM) nailing was performed for an ulnar fracture; however, proximal non-union was observed at seven
months after surgery. Bone union was achieved at 13 months after additional fixation surgery using a plate and cable

locked IMNs are a viable alternative to ORIF with plate
osteosynthesis with similar healing rates, functional
scores, and shorter operative times. In that study, there
were only three patients with diaphyseal fractures, mak-
ing it difficult to conclude that this method is also use-
ful for treating segmented fractures. In other previous
studies, IM nailing in forearm bone fractures was used
for simple, non-segmental fractures [4, 9, 10, 14, 15, 17].
Our results were different from previous results, and are
the core of our study implications. It is difficult to directly
compare the results of the present and previous stud-
ies. Differences in intramedullary nail products used in
different studies may explain these discrepancies. The
design of the intramedullary nail curve may differ from
product to product, which could in turn result in differ-
ences in fixation strength. However, a major difference is
that in our study we included only targeted patients with
diaphyseal segmented fractures. Diaphyseal segmented
fractures of the forearm are caused by high-energy dam-
age, which can have a negative impact on bone healing.
In addition, most of our patients presented with segmen-
tal shaft fractures and distal or proximal fractures of the
other bones, rather than single segmental shaft fractures,
and were therefore less likely to have lower forearm sta-
bility. This may be because IM correction alone is not
stable enough for these types of fractures. Based on our
experience, we hypothesized that IM nailing will not pre-
vent rotational and linear stability in segmental fractures
[17]. In the process of treating forearm segmental shaft

fractures with IM nailing, reoperation is frequently per-
formed due to the lack of stability of the fracture. There-
fore, we chose a method to increase stability by adding a
small plate and mini-cable to interlocking IM nailing.
The combination nail and plate technique has been
shown to be useful in femoral or tibial fractures [18, 19].
[20] However, wide use of this technique in the upper
extremities is impractical because bone diameters are
so small that screw fixation is difficult to avoid. We per-
formed the IM nailing technique and the plate-cable
combination technique instead of plate-screw fixation.
Our preoperative assessments indicated that there was
not enough space to insert screws without using intra-
medullary nails. Therefore, we fixed the distal part of the
segmental fracture with a plate-cable to form a fragment
pattern that promoted bone union. We hypothesized that
applying additional plate-cable systems to unstable frac-
ture sites would be more effective than IM nails alone.
However, when the fracture site is located in proximal
rather than distal areas of the forearm, surgery becomes
more difficult and time-consuming, and soft tissue dam-
age can be increased. Therefore, we performed additional
procedures in distal fracture sites only to maintain the
advantages of using IM nails, and fortunately obtained
good results. We found that providing sufficient stabil-
ity to obtain bone union can be achieved simply by fix-
ing any additional area. In addition, bone union without
changes in bone length was obtained in primary opera-
tions using interlocking nailing and plate-cable hybrid
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[ Operation Methods ]
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Fig. 2 Outcomes of cases that underwent surgery using only intramedullary (IM) nailing

techniques, indicating sufficient linear stability with the
plate-cable combination method. We suggest that this
hybrid technique is mainly useful for segmental fractures
of the shaft of the forearm caused by high-energy injury,
especially when segmental fractures of the ulna or radius
are accompanied by fractures of other bone on the same
side (e.g., segmental fractures of the shaft of the ulna with
proximal radial fractures or segmental fractures of the
radius with olecranon fractures of the ulna).

Although valuable, the present study has limitations
that should be acknowledged. First, the patient sample
was relatively small, causing difficulty in drawing signifi-
cant conclusions regarding surgical results. In particu-
lar, there were only 3 patients who were treated by the
hybrid technique, and it was therefore difficult to iden-
tify the advantages and disadvantages of this technique.
In addition, prognosis could not be classified according
to whether the fractured bone was radial or ulnar. How-
ever, even if most patients have segment fractures on one
site, there are many cases in which another bone also sus-
tains a distal or proximal fracture, so it is difficult to make
realistic comparison according to whether the radius or
ulna are involved. Third, the range of motion and upper

limb function scores were not measured, which may
limit the overall scope of the study. Furthermore, while
range of motion in the forearm is an important mea-
sure of surgical success, the most severe cases in this
study had limited motion due to their injuries or other
underlying medical conditions. Consequently, obtaining
accurate range of motion or score data was challenging.
Detailed investigations such as operation time, time to
bone union, patient satisfaction, and range of motion are
required, and additional research is needed to collect and
compare more cases according to each surgical method.
Despite these limitations, this study provides valu-
able insights into the surgical outcomes of patients with
similar conditions and serves as a foundation for future
research in this area.

Conclusions

This study supports plate osteosynthesis as the best treat-
ment method for diaphyseal segmental forearm fractures
in adults. The IM nailing technique alone showed a high
rate of non-union and length deformity. The interlock-
ing nailing and plate and cable hybrid technique resulted
in a union rate similar to that provided by plate fixation.
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Plate
Osteosynthesis(6)
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Bone Union with
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w

Fig. 3 Outcomes of cases that underwent surgery using plate osteosynthesis and intramedullary (IM) nailing-plate-cable combination

Therefore, the choice of using only IM nailing for seg-
mental forearm fractures should be made with caution,
and the combination using a plate-cable fixation can be
an acceptable assistive surgical method in segmental
diaphyseal forearm fracture.
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Fig. 4 (A) Photograph of a 53-year-old male patient who had a segmental fracture of the right radial shaft due to a traffic accident. Surgical treatment
was performed using interlocking intramedullary (IM) nailing. (B) Open reduction, internal fixation, and autogenous bone graft were performed on the
non-union in the distal part of the radius at six months after surgery, and (C) bone union was achieved. Shortening of the radial length was observed
compared with the unaffected side (D)
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