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A B S T R A C T

Introduction: Intramedullary osteosynthesis is often considered a second-order method for treatment of forearm
non-union.
Methods: We evaluated clinical and functional results from 49 patients affected by radio and/or ulna non-union
treated using intramedullary nailing, with possible tricortical autologous bone grafting. Healing rate (primary
outcome), healing time and functional status have been assessed.
Results: Healing was observed in 46 cases (93.9%), the average healing time was 6.3 (SD ± 2.5) months.
Excellent result (Anderson score) was reached in 38 cases (77.6%), satisfactory in 7 cases (14.3%).
Conclusions: Forearm non-unions represent a therapeutic challenge. Intramedullary nailing is a successful option
of treatment.

1. Introduction

Prevalence of forearm non-union as a complication of diaphyseal
fractures is reported varying from 2% to 10%.1–4 Surgical treatment of
forearm non-union should provide bone stability, and restoration of
proper length and relationships between radius and ulna, to achieve
complete bone healing. Moreover, range of motion (ROM) in both
flexion-extension of the elbow and wrist, and pronation-supination
should be restored to optimize functional recover.5

Several studies reported on a wide variety of surgical options for the
treatment of forearm non-unions.6–18 Compression plate fixation and
autologous bone grafting is the most popularized surgical procedure.
However, the success rate of this procedure is variable from 90 to
100%.3,6,7,11,15,16 and there is still debate regarding the efficacy and
safety of the procedure. Intramedullary nailing of the forearm has been
suggested as a valid option for the treatment of forearm non-union.
Potential advantages advocated for this technique are: mini-invasive-
ness with a very small incision and, if is possible, missed exposure of
non-union and integrity of soft tissues and extremely contained cost in
comparison to the others technique. However, few studies focused on
the effectiveness and adequacy of intramedullary nailing.8,9,12–14 The

purpose of the present study was to assess the outcome of in-
tramedullary nailing in a cohort of patients affected by forearm non-
union. The hypothesis of the study was that the outcome of in-
tramedullary nailing procedure for the treatment of forearm non-union
is comparable to that reported in the literature with the use of a re-
ference standard, such as open reduction and internal fixation (ORIF)
using a compression plate fixation and autologous bone graft.3,6,7,19,20

2. Materials and methods

The present study was designed as a retrospective cohort study and
took place between March 1993 and January 2012. The study was in
accordance with the principles of the Declaration of Helsinki. Written
informed consents were obtained in all patient before the surgery.

2.1. Participants

A total of 58 patients were consecutively evaluated. For this study,
we enlisted 49 patients who accepted our invitation to enter the study
and who signed an agreement disclosure form. All men and women
affected by meta-diaphyseal fracture non-union of the ulna, radius or
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both bones were eligible for inclusion. Diagnosis of fracture non-union
was established when no radiographic signs of healing observed at a
minimum of 6 months after the initial treatment.21 Exclusion criteria
were: occurrence of other fractures in the same limb at the time of the
primary injury, inability or unwillingness to sign informed consent, and
Workers’ Compensation claims.

2.2. Associate injuries

The following associate pathologic conditions were observed:
breakage of the previously implanted hardware in 4 cases (8.2%), palsy
of the radial nerve in 4 cases (8.2%); neuroma of the radial nerve in one
case (2%); palsy of the median nerve as outcome of a Volkmann's
syndrome in one case (2%); local osteomyelitis in 3 cases (6.1%);
concomitant misdiagnosed chronic inveterate tran-scaphoid perilunate
dislocation in one case (2%), and ulno-carpal conflict for shortening of
the radius in 4 cases (8.2%).

2.3. Interventions

All the patients underwent internal fixation of fracture non-union
with stainless steel nails (Rush's nail) from 3.5 to 5 mm in diameter and
varying in length. The Rush's nail is relatively flexible and has a curved
extremity with a “curl”, which confers rotational stability to the im-
plant.

For radius fixation, the nail was plunged in a retrograde way. A
20 mm longitudinal incision was performed on the dorsal aspect of the
wrist, laterally to the Lister's tubercle, passing between the extensor
carpi radialis brevis (ECRB) and extensor carpi radialis longus's (ECRL)
tendons, having spread along the extensor of the thumb (EPL). The nail
was initially introduced with an angle of approximately 45° respect to
the dorsal cortex on the sagittal plane, and then it was oriented into the
medullary canal and plunged along the longitudinal axis of the radius
(Fig. 1).

For ulna fixation, the nail was plunged in an antegrade way. A
10 mm longitudinal midline incision was performed over the central
part of the olecranon. The nail was introduced by a trans-tricipital ap-
proach and parallel to the longitudinal axis of the ulna (Figs. 2 and 3).

When medullary canal was obliterated without clear radiographic
signs of atrophy or bone loss at the non-union site, closed fixation was
preceded by intramedullary drilling with a Steinmann's sharp-tip pin.
Open procedure was performed when necessary. Particularly,

previously implanted hardware was removed; non-unions showing
radiographic signs of atrophy were treated by open debridement; bone
loss with shortening of one or both forearm's bones was treated by tri-
cortical bone grafting harvested from the contralateral iliac crest to
reestablish proper bone length. Closed reduction and internal fixation
were achieved in all the other cases. After surgery, all the patients were
immobilized in a closed brachio-antebrachio-metacarpal (BAM) cast
with elbow flexed at 90° and neutral pronation-supinationation for 30
days. After cast removal, the patients were evaluated postoperatively
every month by clinical and radiographic examination to assess callus
formation and non-union healing.

Concomitant or subsequent treatment of coexisting pathological
conditions was performed when necessary. In the only case in which
there was a concomitant palsy of the median nerve and the results of a
Volkmann's syndrome was performed a neurolysis of the median nerve
and wrist arthrolysis. In the only case where there was a concomitant
misunderstood inveterate trans-scaphoid perilunate dislocation was
performed a proximal carpal row resection.

In three cases of palsy of the radial nerve neurolysis produces a
relative comfort. In a case of radial nerve palsy were necessary muscle-
tendinous transfer: pronator rotondus pro extensor carpis, ulnar flexor
carpis ulnaris pro extensor comunis digitorum, palmar gracilis pro ex-
tensor pollicis longus. We wait 12–18 months before intervening in
cases previously complicated by osteomyelitis. In this period patient
was subjected to antibiotic therapy and radiographic controls.
Additional treatment with shockwave therapy was performed when
delayed healing was observed.

2.4. Outcome measurements

The primary outcome of the study was assessment of non-union
healing rate. Secondary outcomes were timing from surgery to healing,
evaluation of global anatomical and functional status of the operated
limb through Anderson score and DASH and Work-DASH score. Non-
union healing was assessed on repeated standard radiographic views
according to criteria for evaluation of callus formation established by
Anderson et al.5,6

According to Anderson and colleagues an excellent result consists in
healed fracture and<10° reduction of wrist and elbow ROM and<
25% reduction of forearm pronation-supination ROM, a satisfactory
result consists in healed fracture and<20° reduction of wrist and
elbow ROM and<50% reduction of forearm pronation-supination

Fig. 1. Complete healing reached after plate removing and intramedullary nailing.
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ROM, an unsatisfactory result consists in healed fracture and> 30°
reduction of wrist and elbow ROM and>50% reduction of forearm
pronation-supination ROM. Failure consists in unhealed fracture (non-
union) and/or bony infection.

Disability-related quality of life was measured with the national
validated version of disabilities of the arm, shoulder and hand (DASH)
questionnaire, together with the optional module for assessment of
working capacity (Work-DASH).22 This is a self-administered ques-
tionnaire which measures physical ability and symptoms of the upper

extremity and explores the impact of functional impairment and pain
on daily living tasks as well as social and recreational activities, work
and sleep. The scoring system of the questionnaire is based on a metric
scale ranging from 0 (minimum disability, best result) to 100 points
(maximum disability, poorest result).

All the radiographic exams were independently evaluated by an
orthopedic surgeon and a radiologist well-experienced in musculoske-
letal imaging, and inter-observer reliability for assessment of bone
healing was calculated. Clinical follow-up was scheduled for all the

Fig. 2. Bifocal non-union of ulna (a). Radiographic assessment 3 months after surgery: bone graft was interposed at the proximal non-union site, and axial com-
pression was performed using a nail (b). Radiographic assessment 6 months after surgery showing a complete healing of both bones (c).

Fig. 3. A 35 years old patient with a longstanding ulna non-union (a, b). One month after intramedullary nailing (c, d): the nail fits perfectly inside the medullary
canal. Eight months after surgery (e). On the right: final clinical results.
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patients at two years after surgery. Outcome measures were collected at
follow-up visits by an independent investigator.

2.5. Statistical analysis

The study was designed as non-inferiority study. We compared our
results with the average data reported in the literature for reference
standard: open reduction and internal fixation (ORIF) using a com-
pression plate fixation and autologous bone graft.3,6,19,20 Patients
which showed treatment failure or postoperative complications and
were referred to further treatments were evaluated according to the
intention-to-treat-principles.

Statistical analysis was performed using the SPSS v.19.0 software
(SPSS Inc.; Chicago, IL).

Inter-rater reliability for assessment of non-union healing was as-
sessed by calculating Cohen's kappa coefficient on all the radiographic
exams obtained during repeated evaluations.

Primary outcome results were statistically analyzed using the Chi-
square test to compare our results with the data reported in the lit-
erature.3,6,19,20

For all tests, significance was set at p < 0.05. Data were presented
as mean ± standard deviation (SD) for continuous variables and fre-
quency and percentage for categorical variables.

3. Results

A total of 58 patients were consecutively evaluated and 49 (34
males and 15 females) were assessed as eligible. Seven patients were
excluded because affected by other fractures on the same limb, 2 pa-
tients refused to enter the study. All the enrolled patients were reviewed
at follow-up. Results are resumed in Table 1.

The average age of participants was 37.0 (SD ± 13.4) years. In 13
cases both bones (ulna and radius) were affected by non-union, in 18
cases only the radius, in 18 cases only the ulna. The dominant limb was
affected in 25 cases. Bone grafting was used in 10 cases (atrophic non-
unions). The average time passed from fracture was 14.9 (SD ± 16.4)
months. The mean follow-up was 31.8 months (SD ± 23.0). Healing
was reached in 46 cases (93.9%), and this results are not significantly
different from the average data reported in the literature (p > 0.05).
The average healing time was 6.3 (SD ± 2.5) months.

Failure of non-union healing was observed only in 3 cases (6.1%). In
2 cases (4.1%), intramedullary nailing failed in a pseudarthrosis pre-
viously complicated by osteomyelitis, because a recurrence of infection.
In one case (2%) a recurrence of Complex Regional Pain Syndrome
(CRPS) was observed: the person in question previously underwent
firstly to an external fixation, later ORIF with plate and screw, but
unsuccessfully; finally he underwent ORIF with plate and screw and
iliac crest graft, which failed again.

At the last follow up ROM was calculated: the average pronation-
supination ROM was 143.7 (SD ± 24.7), the average flexion-extension
ROM of the wrist was 150.0 (SD ± 25.2), the average flexion-exten-
sion ROM of the elbow was 132.7 (SD ± 13.0).

Anderson score was calculated: excellent result was reached in 38
cases (77.6%), satisfactory in 7 cases (14.3%), unsatisfactory in 1 case
(2%), failure in 3 cases (6.1%).

At the most recent follow-up, the average score of DASH was 13.9
(SD ± 17.2), and the average score of Work-DASH was 7.6
(SD ± 10.2).

3.1. Complications

We never observed recurrence of fracture either before or after nail
removal. Delayed healing requiring association with extracorporeal
shock wave therapy (ESWT) was reported in five cases (10.2%). In four
cases (8.2%), non-union of the radius healed with a shortening, thus
producing ulno-carpal conflict which required subsequent resection of

ulnar head (Darrach procedure) to restore adequate protonation and
supination.

In one case rupture of the extensor pollicis longus occurred because
of conflict with the curved extremity of the nail at critical point of
Lister's tubercle. In this case, muscle-tendinous transfer of extensor in-
dicis proprius (EIP) pro EPL was necessary.

Hardware migration was observed in one case, which required re-
vision surgery by using a larger nail. No deep or superficial infections
were observed, apart from two cases, in which further surgery was
necessary.

4. Discussion

There is a lack of consensus about the definition of fracture-healing
in the current orthopedic literature. Without valid and reliable clinical
or radiographic measures of union, the interpretation of fracture care
studies remains difficult. Variables used in the assessment of fracture
healing are: (a) callus size; (b) cortical continuity; (c) progressive loss of
fracture line; and (e) pain to palpation at the fracture site but use of
only radiographic criteria in fracture healing studies should be aban-
doned in favor of a combination of radiographic and clinical mea-
sures.23,24

The treatment of forearm non-unions continues to represent a
therapeutic challenge, and reported outcomes are moderate at best,
with severe complications associated.15,19,25

In treatment of forearm non-union, the gold standard is an anatomic
reconstruction and a complete recovery of function in both flexion-
extension and pronation-supination.5

Intramedullary osteosynthesis is very often considered a second
choice, because, for many authors, nails do not guarantee rotational
stability and osteosynthesis with plate and screws has become the
treatment of choice for fracture-non-unions of the forearm.3,5,20 The
Authors has reviewed literature and performed a retrospective eva-
luation of 49 forearm non-union with a minimal follow up of 1 years,
demonstrating that intramedullary nailing of forearm non-union with
Rush's nails has uses of fluoroscopy as only one disadvantage and has
different advantages: is a mini-invasive technique with very small in-
cisions and missed exposure of fracture, the extremely contained cost in
comparison to the others technique, and, in experienced hands, the
constant consolidation of non-union.

The analysis of case studies on this original surgery allows some
final comments. Treatment of mono- or biosseous forearm non-union is
particularly difficult as demonstrated by the case in existing literature
that reports a relevant incidence of failures.3,6–8,10–18 The surgical
procedure most commonly used in literature is represented by bone
grafting and osteosynthesis with plate and screws.6,7,9–18 Plating, as we
observed and as evidenced in literature, with a not infrequent in-
traoperative bad compression and its persistence over time, produces
risk of not consolidation and break of the plate, or can make cortical
bone like cancellous bone, and this adulterated quality of bone produce
risk of a new fracture after removing plate and screws.25,26 Also ex-
position of fracture-non-union's site produce a risk of infection more
elevated than intramedullary nailing and then osteomyelitis and early
need of removing plate and screws without consolidation.

The intramedullary nailing by Rush's nail designed and used by
Authors is the overcoming of these problems. In our experience, it was
shown free from disadvantages and not inferior to he average data re-
ported in the literature (Table 2).3,6,19,20

To perform intramedullary nailing, we used Rush nails with a dia-
meter never inferior to 3.5 mm. If possible the diameter and the length
of the nail should be established before the operation. However, in ours
methodic the apparently disproportionate diameter of the nail, never
inferior to 3.5 mm, conferred a continuity cortical-cortical and it was a
fundamental element in confer rotational stability to the synthesis. The
relative flexibility of the nail of Rush allowed such mean of synthesis to
suit for the physiological bending of the forearm's bones.
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Regarding to the length, it was necessary to synthesize the non-
union with a maximum length possible nail to obtain an optimal sta-
bility of the stumps.

There is an usual theoretical challenge about intramedullary nailing
and Rush's nails that, according to many authors, presents the dis-
advantage of poor stability control,20 but has not found in our experi-
ence. We believe that this discrepancy arises from a pure mechanical
reasoning, and our practice shows that, helped by cast for 30 days, this
osteosynthesis obtain an excellent stability.

This explanation probably lies in some elements:

(a) use of high-diameter nails that involve a primary cortical to cortical
taking;

(b) a synthesis of suitable length, such as Rush's nail, do not force to
take a non-rectilinear geometry and support the physiological sco-
liosis of the two bones of the forearm, also at the moments of ro-
tation;

(c) the minimal stabilizing effect in the rotation performed by the
“curl” of Rush's nail, firmly fixed into the olecranon for ulna and
into distal radial metaepiphysis at tubercle of Lister for radius.

The advantages of a closed nailing are a more rapid healing, greater
stability for respect of soft tissues, better blood circulation to perios-
teum level, a less blood loss.

Bone grafting is the gold standard and it is need when there is a
significant loss of bone tissue (atrophy) and consequently an important
shortening. Furthermore bone graft can be shaped as tubular, tricortical
or in the proper way to fill the gap.3,6–8,10,11,14–18,27

However, in other conditions we can use nothing or growth factors.
The use of growth factors is not free from complication.PRP, BMP-2 and
BMP-7 have been approved for clinical application in non-union bone
fractures. An important prospective randomized clinical study demon-
strated efficacy of rhBPM-7 an PRP in healing of long bone non-un-
ions.28 However, has been described some difficulties of using the dose-
dependent properties of BMP like a recent massive inflammatory re-
action after use of recombinant human BMP-2 for repair of a sympto-
matic ulnar non-union in a child.29 Also, a systematic review described
conflicting results in use of PRP probably due to preparation.30

Another great problem in the use of the growth factors is the ele-
vated costs of a therapy that do not have a documented effectiveness. In
a perspective of cost containment, a pressing problem to which no
department director can escape, it is unthinkable that this type of
therapy can be used on a large scale.

5. Conclusions

The treatment of forearm fracture-non-unions continues to re-
present a therapeutic challenge. Although osteosynthesis with plate and
screws has become the treatment of choice for fracture-non-union of the
forearm intramedullary osteosynthesis is a low-cost alternative treat-
ment that ever have been considered, but especially when is possible to
perform an osteosynthesis without exposure of non-union's site.
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