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Background: Non-union of distal tibia fractures is a challenge in orthopedic surgery and can be due to open fractures, osteo-
penia, infection, or failure of surgical devices. This retrospective study aimed to describe 8 patients with non-
union of distal tibial fractures treated with distal tibial nail and screw fixation.

Material/Methods: According to the Gustilo-Anderson classification, 3 patients had type 2 open fractures, 1 had a type 3 open
fracture, 1 had a type 1 open fracture, and 3 had closed fractures. The Association of Osteosynthesis AO clas-
sified 4 patients as A2, 2 as B2, and 2 as C2. Seven patients received distal supporting bolt-locking-screw nails
(DSBLS) and 1 received DSBLS nail and plate in their most recent operation. Clinical outcomes were evaluated
with American Orthopaedic Foot and Ankle Society (AOFAS) and Olerud-Molander scores.

Results: All 8 patients were male, with a mean age of 35.5£14.6 years. Six patients had atrophic non-union, 1 had hy-
pertrophic non-union, and 1 had infected non-union. Union was achieved in all patients. The average union
time was 25.1 (range, 12-60) months, and the follow-up duration was 3.6 (range, 2-6) years. The mean Olerud-
Molander score was 92.5 (range 85-100), and the mean AOFAS score was 91.2 (range, 85-100). There was no
evidence of rotational deformity or shortening.

Conclusions: Distal tibial non-unions benefit from nails with DSBLS system due to their excellent biomechanical proper-
ties. These nails facilitate union and allow patients to bear weight early in the postoperative period, enabling
a quicker return to normal activities.
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Background

One of the most frequent consequences of fracture is fracture
non-union. In tibial fractures, the rate of non-union is close to
1.1% if treated nonoperatively and nearly 5% if treated oper-
atively [1]. Delayed union is defined as the absence of radio-
graphic healing 3-5 months following the injury in tibia diaphy-
seal fractures. For fractures that had not healed after 9 months,
non-union was described [2]. The factors contributing to non-
union include: high-energy fractures with significant commi-
nution, extensive soft tissue and periosteal stripping, bone
loss, fracture gaps, lack of cortical continuity, infection, smok-
ing, diabetes, inadequate blood supply, vitamin D deficiency,
inadequate stabilization, and biological factors dependent on
the patient host and surgical technique [1,3,4]. Operative and
nonoperative treatment options are available. The most often
used nonoperative treatments include conservative treatment
and early weight-bearing, electrical stimulation in the electro-
magnetic field, low-intensity pulsed ultrasound, injection of
bone marrow aspirate percutaneously, and extracorporeal shock
wave therapy. The main factor to consider when developing
a surgical plan to treat a case of tibial non-union is whether
the non-union is septic or aseptic. When treating septic tibial
non-unions, a phased approach is the criterion standard [5,6],
while controlling aseptic tibial non-union can be accomplished
with just 1 operation. A single-stage technique entails surgi-
cal debridement of all non-viable bone ends and tissues, nu-
merous cultures to be collected from the non-union site, ca-
nal reaming, revision open reduction, internal fixation, and/
or exchange nailing. Debridement, treatment of bone defects,
local antibiotic elution, and, ultimately, surgery are the typi-
cal 4 steps of a staged approach [7]. Nail dynamization and
nail exchange, fibular osteotomy (partial fibulectomy), open
reduction and internal fixation with plate and screws, lock-
ing compression plates, external fixation, bone grafting, and
cell treatment are the most often utilized surgical methods.
Amputation may be an option if satisfactory functional results
cannot be obtained [8]. In a study comparing the use of plate
and screw nails in distal tibia fractures, general complications
were found to be similar after 12 months [9].

Intramedullary nails (IMN) may be preferred due to open frac-
ture and history of many operations of patients presenting with
non-union, and also because IMN requires less soft-tissue dis-
section. A three-point fixation inside the diaphysis is required
for IMN. However, the IMN will not be able to maintain 3-point
fixation in the metaphysis, thus transverse locking screws must
be used in place of 1 distal locking screw to maintain stabili-
zation of the fracture reconstruction [10]. In a study examin-
ing the effect of the number of distal locking screws on union,
Mohammed et al stated that the use of a single screw distally
increased the risk of non-union and recommended the use of 2
screws [10], but occasionally the fracture level precludes distal
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locking in conventional methods. In this aspect, a system creat-
ed in Turkey and employed in earlier studies is useful. The distal
supporting bolt-locking screw (DSBLS), a type of distal locking
system, was created to establish a solid anchor point, prevent
angulation and rotation, and permit axial compression. This
system has been shown to be successful in other studies [11].

We chose this nail for the treatment of non-union of distal tib-
ia fractures due to its high union rates [12] and superior bio-
mechanical properties [13] demonstrated in fracture manage-
ment. Therefore, this retrospective study describes 8 patients
with non-union of distal tibial fractures treated with distal tib-
ial nail and screw fixation.

Material and Methods

Patients and Study Design

Ethics approval was obtained from the local ethics commit-
tee of the university. Written informed consent was obtained
from the patients. Eight patients with non-unions of the dis-
tal tibia who received intramedullary nails (IMN) with the dis-
tal supporting bolt-locking screw DSBLS (TST, Istanbul, Turkey)
between 2013 and 2019 at a single facility were included in
the study. The demographic characteristics were examined
from medical records. Additionally, findings such as types of
non-union, follow-up durations, time to full union, deformi-
ties, shortening, neurovascular complications, and knee and
subtalar joint movements were noted after both radiological
and clinical evaluations. The fractures were classified accord-
ing to the Association of Osteosynthesis (AO) classification,
and open fractures were classified using the Gustilo-Anderson
classification.

Inclusion and Exclusion Criteria

Patients needed to have a non-union of the distal tibia and a
fracture line that did not penetrate the articular surface to be
eligible for the trial. Inclusion required a follow-up time of at
least 1 year. All cases were included, regardless of the initial
course of action or any side effects, including external fixation
or a past infection history. The study excluded patients with
insufficient follow-up time, those under the age of 18 years,
and those who had surgery for a non-union or malunion in
the proximal or middle tibia. Non-union was characterized as
either a fracture that failed to heal within 6 months or an in-
ternal fixation that failed earlier than this.

Surgery Technique and Implant Features

Although surgical procedures may have shown some varia-
tions based on previous surgeries and existing implants, the
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Figure 1. (A) The distal supportive bold locking screw (DSBLS), set screw, and set screw hole are shown. The distal end of the
intramedullary nail has a unique design that allows contact with the DSBLS. (B) After the engagement, the design enables
strong fixing of the nail within the DSBLS using a set screw. Figure 1 was taken with a smartphone and transferred to the
computer. The background color was adjusted using Photoshop CC 2019.

intramedullary nailing method with distal supporting bolt-
locking screw DSBLS was consistently applied to all patients
as follows:

Approximately 3 cm proximal to the distal tip of the medial
malleolus and the midpoint of the tibia in the sagittal plane
was chosen as the usual place of application for the DSBLS.
The DSBLS was then put into a predrilled channel in the distal
tibia from the medial to the lateral side. The chosen unreamed
nail was then inserted from the usual location of insertion in
the proximal tibia after this. Ahead of the engagement of the

nail with the DSBLS, the nail was advanced through the me-
dulla. Fluoroscopy can be used to verify whether the engage-
ment was successful. The nail does not need to precisely align
with the distal locking screw. Using a Kirschner wire, another
method of confirmation was developed without the use of flu-
oroscopy. It is impossible to advance the wire in the set screw
hole by more than 5 mm if the nail is successfully engaged.
The set screw, which was 18 mm shorter than DSBLS, complet-
ed distal locking. Two screws were used in all patients, and a
proximal guide that was attached to the nail was used to per-
form the proximal interlocking. There are 2 distal screw holes
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on the distal nail for those who want to use the conventional
nailing method. However, the conventional method was not
used in any of our cases (Figure 1). Another technique for dis-
tal locking involved inserting the nail up to a few centimeters
above the location of the DSBLS, screwing it precisely below
the nail’s tip, and then pushing the nail into its ultimate posi-
tion. One of our cases is shown in Figure 2.
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Postoperative Follow-Up Protocol

Ankle and knee exercises began the day following surgery. Follow-
up patients were advised to bear weight as tolerated or entirely.
AP and lateral radiographs were taken until full union or until the
follow-up. An impartial radiologist blinded to therapy measured
all radiographic alignment. If the fracture site was not sensitive,
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Figure 2. (A-D) Distal supportive bold locking screw nail (DSBLS) system and autograft were used to treat a 44-year-old male patient
who had previously received an external fixator and plaster treatment for a Gustilo type 2 open fracture but failed to achieve
union. Figure 2 was captured as a screenshot from the PACS Infinitt system used in the hospital and transferred to the computer.
No additional processing was performed.

full weight-bearing was painless, and orthogonal radiographs
showed a bridging callus, the non-union was declared healed. The
tuberositas tibia region to the inferior margin of the medial mal-
leolus was the tibia’s length. Greater than 5° ante-/recurvation,
greater than 5° varus/valgus deformity, or greater than 15° rota-
tion discrepancy were all considered to be signs of misalignment.

Treatment Outcome Measures

The patients’ ankle clinical scores were assessed using the
AOFAS (American Orthopaedic Foot and Ankle Society) and
the Olerud-Molander Ankle Score (OMAS) systems. The Olerud-
Molander Ankle Score (OMAS) is a self-administered patient
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Table 1. Demographic characteristics and classifications of patients.

Cause of Gustilo Initial Non-union Union time Follow-up
injury type fixation type (month) years
44 Male Traffic accident Type 2 External fixator Atrophic 22 3

"""" 65 Mae Rl Tye2a  Plate  Awophic 19 5
""""" 19 Male  Tafficaccident  Typel  CIMN  Hypertophic 14 3
"""" 43 Male  Tfficaccident  Closed Pt Atophic 14 3
- a1 e Male  Gunshotinjury  Type2  Extemalfixator  Atrophic o 2
Ca male Motorcycle Closed  CIMN+plate  Infected - o 6
R Male  Gunshotinjury  Type3a  Extemalfixator  Atophic u 3
s Male  Trafficaccident  Closed  Plateslizarov  Atrophic % s
C.IMN - conventional intramedullary nail.

Table 2. Surgical methods and clinical ankle scores.

Patient Last fixation AOFAS Olerud-Molander
method score score
1 DSBLS IMN 90 90

"""""""""""" > ossmn s %
"""""""""""" s psismN 100 100
"""""""""""" 4 opsiswn e 95
"""""""""""" s psmismN % e
"""""""""""" 6  DSBISIMNPlte s g
"""""""""""" 7 oMy % %
"""""""""""" &  oDpsBlsmMN 95 95

DSBLS — distal supportive bold locking screw; AOFAS — American Orthopedic Foot and Ankle Society.

questionnaire. The measure is based on 9 separate items, in-
cluding pain, stiffness, swelling, stair climbing, running, jump-
ing, squatting, supports, and activities of daily living, and rang-
es from O (fully impaired) to 100 (entirely unimpaired).

Statistical Analysis
We evaluated our data using descriptive statistical techniques

(mean, standard deviation, median, and frequency).

Results

The mean age of the patients was 35.5+14.6 years. All pa-
tients were male. According to the Gustilo-Anderson classi-
fication, 3 patients had a type 2, 1 patient had a type 1, and
1 patient had a type 3 open fracture, while 3 patients had

closed fractures. Based on the Association of Osteosynthesis
(AO) classification, 4 patients were classified as A2, 2 as B2,
and 2 as C2. Among the patients, 6 had atrophic non-union,
1 had hypertrophic non-union, and 1 had infected non-union.
The average follow-up period was 3.6 years (range, 2-6).
Complete union was achieved in all patients, with an average
union time of 25.1 months (range, 12-60). The initial trauma
types of the patients were: 4 cases were due to car accidents
(50%), 2 cases were caused by gunshot wounds (25%), 1 case
was due to a motorcycle accident (12.5%), and 1 case was a
result of a fall from a height. Regarding previous surgeries; 3
patients (37.5%) had external fixators, all of whom presented
with open fractures. Two patients (25%) had plates, 1 patient
(12.5%) had a plate followed by an llizarov fixator, 1 patient
(12.5%) had a conventional intramedullary nail (IMN), and 1
patient (12.5%) had undergone a conventional IMN followed
by a plate (Table 1). For the patient with infected non-union,
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the plate was removed, and debridement and a 9-cm bone re-
section were performed. Limb reconstruction was carried out
using the distal supporting bolt-locking screw (DSBLS) system
and the limb reconstruction system (LRS). This patient, diag-
nosed with Fallot tetralogy, had the longest follow-up time (60
months) and received a skin graft. This and another patient
who had previously undergone fasciotomy were among the
3 patients with skin problems. In the patient who had previ-
ously undergone conventional IMN, the preoperative valgus
angle of the 18-degree fracture was corrected to 2° postop-
eratively. In 1 patient with a preoperative malalignment apex
anterior of 14°, the postoperative malalignment was reduced
to 3°. Similarly, in another patient who had undergone previ-
ous fixation, the apex anterior angle, which was initially 15°,
was reduced to 0° and the valgus angle was decreased from
6° to 2°. Unfortunately, in the patient with a previous plate,
the preoperative 10° apex posterior angle increased to 12°
postoperatively, but no symptoms or additional complica-
tions were observed during the follow-up. Two patients expe-
rienced infection — 1 had anterior knee pain and 1 had ankle
motion limitation. No rotational deformity or shortening was
observed. The average American Orthopaedic Foot and Ankle
Society (AOFAS) score was 91.2 (range, 85-100), and the aver-
age Olerud-Molander score was 92.5 (range, 85-100) (Table 2).

Discussion

In this study, we examined 8 cases of distal tibial pseudoar-
throsis. All patients were male and had previously experienced
high-energy injuries. Among them, 5 had open fractures, 3 had
closed fractures, and all had undergone prior surgeries with dif-
ferent implants. All patients were treated using an intramed-
ullary nail (IMN) system featuring a screw system known as
the distal supporting bolt-locking screw (DSBLS). Early weight-
bearing was permitted, and early physical therapy was initi-
ated. Follow-up assessments revealed successful union in all
patients, with no need for implant removal. Previous defor-
mities have been largely corrected. No cases showed short-
ening or rotational deformity. The 2 patients with infections
had undergone the most prior surgeries. The lengthy mean
time to a union may be a result of the fact that the duration
of complete union and the duration of patients’ full function-
al capacity overlap to some extent. It was seen that the com-
plications were not caused by the implant.

The principal benefits of this technique include a short learn-
ing curve, the ability to lock even distal tibia fractures just
above the joint, the use of percutaneous placement for skin
issues common in non-union patients with a history of multi-
ple surgeries, the preservation of vascular support without the
need for a new incision, and the ability to immediately resume
postoperative ankle movements. Patient can also bear their
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entire weight on the first postoperative day because DSBLS
and a nail together make a load-bearing structure that resem-
bles an inverted “T” inside of a bone and has a set angle [14].

Inherent disadvantages of plate fixation include substantial
soft-tissue removal, disruption of periosteal blood flow, wound
complications, infection, and postoperative ankle stiffness. In
their randomized controlled multicenter trial, Costa et al com-
pared using plates and nails to treat distal tibial fractures. At
the 3-month evaluation, the disability rating index was higher
in patients in the plaque group. At 6 months, there was no dis-
cernible difference between the outcomes, but the plaque group
experienced more secondary surgeries. Nailed group patients
began to bear their entire weight earlier. At 6 months, it was
discovered that the nail group had a higher Olerud-Molander
Ankle Score (OMAS) score. At 3 and 6 months, the secondary
outcome measures overall were better in the nail group, but
at 12 months, there was not a significant difference [9]. As in
the Costa et al study, our patients were able to initiate ear-
ly physical therapy despite soft-tissue damage due to previ-
ous surgeries. Additionally, they had the opportunity for ear-
ly full weight-bearing, thereby increasing the stimulation for
union and allowing them to return to their normal lives soon-
er. In the present study and in the study by Costa et al, OMAS
scores were satisfactory during follow-up.

IMN is the preferred line of action for tibial non-unions [15].
However, if the fracture line extends too far distally, conven-
tional IMNs might not be adequate. Reamed nails improve end-
osteal circulation and have positive impacts on biomechanics.
Unreamed nails provide less stability while preserving endos-
teal circulation. Both systems are incapable of supporting a
patient’s full weight right away due to distal interlocking-re-
lated instability. Distal locking is also to blame for a signifi-
cant loss of surgical time and most of the necessary fluoros-
copy. Attempts have been made to treat fractures close to the
joint by cutting the nail tip from the last distal locking screw.
However, the outcome unexpected, because this technique
did not permit early loading [16]. The impact of the number of
screws used in distal locking on union in distal tibia fractures
was investigated by Mohammed et al. In their study, among
65 patients who underwent nail fixation, non-union was ob-
served in 15 of them. Among the patients with non-union,
80% had experienced high-energy trauma, and 10 had a his-
tory of open fractures. It was observed that in 12 of these 15
patients, a single screw was used distally. The study indicated
that the use of a single screw distally significantly increased
the risk of non-union [10]. Our patients also experienced high-
energy trauma, and 5 of them had open fractures. The DSBLS
IMN system we used is biomechanically superior to conven-
tional nails that use a single screw. The distal locking of nails
has been examined biomechanically. In the first group the IMN
nail was fixed with 2 screws from the distal, 3 screws from
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the distal in the second group, a DSBLS screw from the distal
in the third group, and 3 screws of varying diameters in the
fourth group. In terms of axial loading force, DSBLS was dis-
covered to be noticeably better when compared to triple and
double distal locking options [13]. This IMN system allows for
robust fixation using an unreamed technique that allows for
immediate full weight-bearing and needs just minimal fluo-
roscopy for distal locking. As far as we are aware, this design
IMN with DSBLS offers the most remote interlocking option
among the IMNs that are now on the market [12].

Forthy-eight patients who had distal tibia dia-metaphyseal
fractures treated with IMNs distally locked with DSLBS were
assessed in a study. All fractures consequently healed to-
gether. Six patients had a satisfactory functional evaluation,
whereas 42 patients received an excellent evaluation. None
of the patients had any DSLBS loosening, migration, or break-
ing [11]. In a study examining the treatment of distal tibi-
al fractures, including Gustilo type | and Il fractures, 24 pa-
tients were treated with the DSBLS IMN nail system and 22
patients were treated with conventional IMN. Patients who
received DSBLS IMN treatment were able to bear their entire
weight faster and for longer, and their fractures healed more
quickly. In the DSBLS group, patients had higher OMAS scores
(93.96+6.91) and AOFAS scores (93.46+8.09) compared to the
conventional IMN group [17]. These clinical scores are similar
to our patients’ scores. Union was achieved in all patients in
both studies, as well as in our study. No implant-related prob-
lems were observed.
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The findings of this study need to be interpreted consider-
ing certain limitations, such as the small sample size and the
single-center, retrospective design. Due to the limited num-
ber of patients, statistical calculations are limited; therefore,
the generalizability of the results is low. Retrospective stud-
ies can sometimes introduce bias risks. Additionally, as a lim-
itation in the methodology, not comparing the patient group
with the same concern but with a different implant could be
considered. The metabolic factors and lifestyles that may affect
bone union in patients were not thoroughly examined. Due to
the larger distal screw of this nail system compared to stan-
dard screws, caution must be exercised during application to
avoid fracture, but such a complication has not been report-
ed yet. A prospective, multicenter, randomized, controlled tri-
al would make the results more objective and generalizable.

Conclusions

The non-union of distal tibia fractures is a significant concern
for both patients and surgeons. When treating these fractures,
it is crucial to use methods and implants that minimize com-
plications, facilitate union, and allow for an earlier return to
normal life. The nail and screw system we used in this study
provided these features.
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