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Abstract

Background: Dynamic nailing by placing only one screw on one side of the nail shortens the surgical time and reduces the
complications during surgery and secondary dynamization. This study aimed to investigate the healing of dynamic intramedullary
nailing (IMN) of tibial fractures.

Methods: This cross-sectional study was done on 67 patients with dynamic IMN in 5™ Azar Hospital, Gorgan, Iran, in 2015-2018.
Complications, union time, Radiographic Union Score of Tibia Fracture (RUST) score, and Johner-Wruhs criteria were analyzed
based on their grouping in AO classification.

Results: The average age of the patients was 33.2 + 13.0 years. Most of the fractures were closed type (71.6%), type C (43.4%). The
mean healing time was 14.62 + 4.38 weeks and RUST score was 8.90 + 1.26. There was no significant difference between locations
of fracture and the healing time or RUST score (P > 0.05). The healing time in the comminuted fractures (e.g., type C) and open
tibial fractures was statistically longer than the simpler type (e.g., type A or B) and the mean radiological score in type C
fractures was significantly lower (P < 0.05). The mean Johner-Wrubhs criteria score of fractures was 46.31 + 4.49, so that 61 patients
had excellent results, four patients had good results, and two patients had fair results.

Conclusion: Dynamic IMN of closed and middle third tibial fractures and simpler types of fractures (e.g., type A or B) have faster
healing. Nevertheless, it is better to be more cautious for fixation of open or comminuted fracture (e.g., type C).
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Background

Leg fracture is the most common fracture of long
bones (36.7%). Annually, for every 100000 people, 26 people
suffer tibia fractures. Its prevalence is three times higher
in men than in women (1-3).

Theoretically, the use of dynamic intramedullary
nailing (IMN) by placing a screw on one side of the nail
(whichever is closer to the fracture site) does not have the
complexity of static IMN and causes more contact between
the fracture fragments during weight bearing and more
periosteal callus formation and reduction of union time
(4-6). On the other hand, in this method, the incisional
length, operation time, the union time, exposure to C-arm
radiation, and reoperation for secondary dynamization
are less, but there is a fear of rotational instability and
malalignment during follow-up. Therefore, although
static IMN is the preferred method for leg fractures, we
decided to examine the clinical and radiographic results
of the treatment of leg fractures with dynamic IMN (7, 8).

Methods

This cross-sectional study was done by collecting
information from the files of patients admitted to 5™ Azar
Hospital in Gorgan, Iran, between 2015 and 2018 who were
treated with dynamic IMN due to tibia fractures. The
intramedullary nails used were from Pooyandegan
Pezeshki Pardis Company, Gorgan. In this study, those
under 18 years of age, fractures involving the knee or ankle
joints, cases admitted to intensive care unit (ICU),

pathological fractures, or patients who had IMN after ten
days of the injury were excluded from the study. Only
patients who had a locking screw in distal or proximal of
nail were included. This screw was placed in the place
closest to the fracture. Patients with a history of
congenital, neuromuscular, or rheumatology diseases
were excluded from the study. The patients entered the
study voluntarily by giving their informed form of
consent. Demographic, radiographic, and complications
information was recorded and collected in a checklist.

In this study, non-union was defined as the failure of
the wunion process after 6 months. During the
examination, limb shortening of more than one
centimeter, more than 15 degrees, varus-valgus deformity,
and rotation changes of more than ten degrees compared
to the opposite side were defined as malunion. Healing
was defined as rigidity and no pain, tenderness at the
fracture site, or the ability to walk without pain and
without the help of a cane, or the appearance of bridging
callus in three cortexes (radiological healing) (9, 10).

Johner-Wruhs criteria were used in the last follow-up
to evaluate the clinical outcome of the patients. These
criteria assess pain, mobility of joints, deformity, walking,
and complications such as non-union and vascular
disorder in 12 items, each of which gets four points. In this
method, patients get 12 to 48 points and are placed in
Excellent-Good (36-48), Good-Fair (24-36), and Fair-Poor
(12-24) groups (11).

Like Whelan study, Radiographic Union Score of Tibia
Fracture (RUST) scoring is based on the presence or
absence of bridging callus and the visibility or non-
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visibility of the fracture line for each level (anterior,
posterior, lateral, and medial) of the fracture (2). In this
method, the absence of a callus gets one point, a callus
with a visible broken line gets two points, and a callus
without a visible broken line gets three points. From the
total points for each level, the final RUST score is
calculated. In this scoring method, the minimum score is
four points, which means no healing, and the maximum
score is 12, which means union or complete healing.
Moreover, if the score is more than seven, it means that
there are at least bridging calluses, which is considered as
radiological fracture healing.

The protocol of this study was approved by the Ethics
Committee of the Golestan University of Medical Sciences,
Gorgan, under the code of IRGOUM.REC.1398.217.

The collected data were analyzed using SPSS software
(version 16, SPSS Inc., Chicago, IL, USA). Quantitative data
were expressed as mean and standard deviation (SD), and
qualitative data as frequency and percentage. To compare
the means in two groups, independent t-test was used, and
to compare before and after paired t-test, and if normality
was not established, equivalent non-parametric tests,
Mann-Whitney and Wilcoxon, were used. P < 0.05 was
significance level.

Results

This study was conducted on 67 patients with tibial
fracture treated by IMN method in the 5™ Azar Hospital in
Gorgan in 2015-2018. The average age of the patients was
33.20 * 13.03 (18-61) years. 85.1% (57 people) of the patients
were men and the rest were women. In other words, the
male to female ratio in this study was 5:1.

The most common injury mechanism was accidents in
94% (63 people) and in the next category was falling from a
height in 6% (three people). Fractures were mostly located
in the middle (59.7%), distal (28.4%), and proximal (11.9%)
thirds, respectively (Table 1).

Table 1. Location and type of leg fractures
Location of fracture Fracture type n (%)
Proximal third of leg (n=8) A 3(37.5)
1(12.5)
4(50.0)
16 (40.0)
8(20.0)
16 (40.0)
8(42.1)
2(10.5)
9(47.3)

Middle third ofleg (n = 40)

Distal third of leg (n=19)

NW>Nw>Nw

Based on AO classification

In this study, most of the fractures were of closed type
(71.6%) and mostly of C type (43.4%) based on AO
classification (Table 2).

The mean healing time was 14.62 + 4.38 weeks (Table 3).
The average score of RUST criteria was 8.90 * 1.26. The

average score of Johner-Wruhs criteria was 46.31 + 4.49.
Out of 67 patients, 61 patients (91%) had excellent results
based on the above criteria, four patients had good results,
and two patients had fair results, in other words, most of
them had excellent or good results. In closed fractures and
fractures of the proximal third of the shaft, this score was
higher and in the range of 47.5, but no significant
difference was observed in the average score of this
criteria based on the AO classification (P =0.560).

Table 2. Finding in open and closed fractures

Fracture n (%) Union time RUST score Johner-Wruhs

type (week) (mean=+SD) score (mean:SD)
(mean+SD)

Open 19 (28.4) 17.50 £ 4.16 8.21+0.97 43.68+6.78

Closed 48(71.6) 13.76 +4.11 9.10+1.27 47.35+2.63

P-value’ 0.002 0.100 0.001

Mann-Whitney test
RUST: Radiographic Union Score of Tibia Fracture; SD: Standard deviation

The healing time in comminuted fractures according
to AO classification (e.g., type C) was longer than simpler
fractures such as type A and B, which was statistically
significant based on the chi-square test (P = 0.013).
Additionally, RUST radiological score had a significant
relationship with fracture types based on AO classification
(P = 0.020). But there was no significant relationship
between fracture type and Johner-Wruhs score (P =0.560).

According to the Mann-Whitney test in this study, the
healing time in open fractures was statistically
significantly higher (P = 0.002). Johner-Wruhs clinical
score in open fracture was significantly lower (P = 0.001).
The radiological score was lower in open fractures, which
did not show a statistically significant difference (P =0.100).

The healing of fractures in the middle third was earlier
than the rest of the parts, followed by the fractures of the
proximal third and distal third, respectively. There was no
significant  difference between fracture location
(proximal, middle, distal) and fracture healing time (P =
0.250). The radiological score at the time of healing was
also higher in the middle, proximal, and distal thirds than
others, although it was not statistically significant (P =
0.370). But the score of Johner-Wruhs criteria in the
proximal third was better than the others, which was
statistically significant (P = 0.001), that is, in the fracture of
the proximal third, the rate of malunion, pain, or stiffness
was less and the function was better.

During the treatment of patients with dynamic IMN,
there were no cases of compartment syndrome,
neurovascular complications, fat embolism, pneumonia,
or deep vein thrombosis (DVT), and 91.1% of patients with
tibia fractures treated by dynamic IMN were treated
without complications. Complications caused in this
study, based on Pearson’s chi-square test, had no
significant relationship with fracture location (P = 0.370)
and fracture form (based on AO classification) (P = 0.320).

Table 3. Findings in all types of fractures in AO classification

Fracture type n (%) Union time (day) (mean * SD)

RUST score (mean +SD)  Johner-Wruhs score (mean * SD)

A Al 9(13.4) 86.88£18.27 10.33+1.01 47.88+0.33
A2 11(16.4) 87.72+£20.32 8.81+0.87 48.01+0.01

A3 7(10.4) 87.01+17.68 9.57+0.78 48.01+0.01

A 27(40.2) 87.25+18.27 9.51+1.08 47.96+0.19

B B1 3(4.5) 133.66 + 40.67 8.01+1.01 48.01+0.01
B2 3(4.5) 91.01+21.07 9.01+1.01 48.01+0.01

B3 5(7.5) 90.41+ 31.58 8.40 +1.51 48.01+0.01

B 13(16.5) 96.91 +30.65 8.45+1.21 48.01+0.01

C C1 24(35.8) 126.42 +31.86 8.26+1.14 43.83+6.71
C2 4(6.0) 113.01+ 27.01 9.33+1.52 45,01+ 3.46

C3 1(1.5) 97.00 +0.00 8.00+0.00 48.01+0.01

C 29(43.4) 123.39+30.84 8.29+1.26 44.13%+6.20

Based on AO classification

RUST: Radiographic Union Score of Tibia Fracture; SD: Standard deviation
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There was no case of the malunion according to the
predefined values or the complaint expressed by the
patient about that. Three cases of complications occurred
in the distal third and three cases in the middle third. In
all six cases, the fractures were open and type C in the AO
classification. Five patients had nonunion and one patient
had an infection after surgery, and they underwent re-
surgery. In this study, there was a significant relationship
between the presence of complications and the duration
of healing or the radiological score of the patients
(P=0.001and P=0.003, respectively).

Based on Spearman's test, the age of the patients had
an inverse relationship with the healing time or the
radiological score of the patients, but this relationship was
not significant (P = 0.880). Besides, there was no
significant relationship between age and Johner-Wruhs
criteria score (P = 0.340).

Discussion

Tibia fractures in the present study, like other studies,
were mostly in the age group of 30-40 years and in men,
and were mostly caused by road accidents. It seems that
the most important reason is that young men are more
exposed to traffic accidents (12).

The mean healing time in fractures that were treated
with dynamic nail was 14.62 weeks and this value was 14.2
weeks in Kreb et al. (13) study, 15.77 in Omerovic et al. (14)
study, and 15.4 weeks in Gadegone et al. (15) study in closed
fractures and 18.7 weeks in open fractures, but it was
higher and about 21.97 weeks in Somani et al. (9) study. In
Omerovic et al. study, static IMN was associated with less
complications and earlier union than the dynamic
method (14). In the study of Lee et al. (10) and Saruhan et al.
(16), there was no significant difference in the healing
time and malunion in two groups of locking and non-
locking nailing.

Most of the fractures had excellent and good results
according to Johner-Wruhs criteria, in other words, among
67 patients, 61(91%) had excellent results, four patients had
good results, and two patients had fair results. The mean
of Johner-Wruhs criteria was 46.31 + 4.49. The same
investigation was done in Gadegone et al. study, in which
79 cases (70.54%) had excellent results, 29 patients (25.9%)
had good results, and four patients had bad results (15). In
the Saruhan et al. study, all 15 patients who had dynamic
nail had good and excellent results (16).

In this study, the complications were mostly seen in
type C fractures; it means in dynamic nailing, the more
comminuted the fracture (e.g., type C), the longer the
healing time and the lower the radiological score, but the
treatment of simpler fractures according to AO
classification (such as type A or B) by dynamic nailing was
faster and with fewer complications.

The prevalence of complications in dynamic IMN was
reported to be 22% in the study of Kreb et al. (13). In the
current study, the complications of dynamic IMN were not
more than other studies, and as in Hernandez-Vaquero
et al. (12) study, the complication rate was about 9%, and as
in Gadegone et al. (15) and Hernandez-Vaquero et al. (12)
studies, the most frequent complications were non-union
and infection.

Due to the fact that the dynamic IMN method is clearly
associated with a shorter surgical time and less
intraoperative complications (bleeding, etc.), dynamic
IMN can be considered a good option for closed tibial
fractures and simpler types of fractures based on the AO
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classification, because it is associated with a faster healing
rate; however, based on this plan, a wide range of
fractures, even type C, can be treated with dynamic
nailing. But because the healing rate is lower in
comminuted types (such as type C), it is better to be
cautious in treatment of open or comminuted tibial
fractures (e.g., type C) by dynamic nailing (13).

Conclusion

Dynamic IMN of closed and middle third tibial
fractures and simpler types of fractures (e.g., type A or B)
has faster healing. Nevertheless, it is better to be more
cautious for fixation of open or comminuted fracture (e.g.,

type C).
Conflict of Interest

The authors declare no conflict of interest in this study.
Acknowledgements

This study received no funding.

References

1. Serban A, Botnaru V, Turcu R, Obada B, Anderlik S. Fractures of
the tibia shaft treated with locked intramedullary nail. ARS
Medlica Tomitana. 2013;19(4):197-201. doi: 10.2478/arsm-2013-0035.

2. Whelan DB, Bhandari M, Stephen D, Kreder H, McKee MD,
Zdero R, et al. Development of the radiographic union score
for tibial fractures for the assessment of tibial fracture healing
after intramedullary fixation. / 7rauma. 2010;68(3):629-32. doi:
10.1097/TA.0b013e3181a7c16d. [PubMed: 19996801].

3. Whatling GM, Nokes LD. Literature review of current
techniques for the insertion of distal screws into
intramedullary locking nails. /njury. 2006;37(2):109-19. doi:
10.1016/j.injury.2005.09.009. [PubMed: 16310192].

4. Lam SW, Teraa M, Leenen LP, van der Heijden GJ. Systematic
review shows lowered risk of nonunion after reamed nailing
in patients with closed tibial shaft fractures. Injury.
2010;41(7):671-5. doi:  10.1016(j.injury.2010.02.020.  [PubMed:
20226459].

5. Busse JW, Morton E, Lacchetti C, Guyatt GH, Bhandari M.
Current management of tibial shaft fractures: A survey of 450
Canadian orthopedic trauma surgeons. Acta Orthop.
2008;79(5):689-94. doi: 10.1080/17453670810016722. [PubMed:
18839377].

6. Lefaivre KA, Guy P, Chan H, Blachut PA. Long-term follow-up of
tibial shaft fractures treated with intramedullary nailing. /
Orthop Trauma. 2008;22(8):525-9. doi:
10.1097/BOT.0b013e318180e646. |[PubMed: 18758282].

7. Loh AJ, Onggo JR, Hockings ], Damasena I. Comparison of
dynamic versus static fixation of intramedullary nailing in
tibial diaphyseal fractures: A systematic review and meta-
analysis. / dlin Orthop Trauma. 2022;32:101941. doi:
10.1016/j.jcot.2022.101941.  [PubMed: 35942323]. [PubMed
Central: PMC9356111].

8. Roux A, Bronsard N, Blanchet N, de Peretti F. Can fluoroscopy
radiation exposure be measured in minimally invasive
trauma surgery? Orthop Traumatol Surg Res. 2011;97(6):662-7.
doi: 10.1016/j.0tsr.2011.03.024. [PubMed: 21943776].

9. Somani D, Saji D, Rabari D, Gupta D, Jadhao D, Sharif D.
Comparative study of static versus dynamic intramedullary
nailing of tibia. nt ] Orthop Sci 20173(3)283-6. doi:
10.22271/ortho.2017.v3.i3e.52.

10. LeeYS, Lo TY, Huang HL. Intramedullary fixation of tibial shaft
fractures: A comparison of the unlocked and interlocked nail.
Int Orthop. 2008;32(1):69-74. doi: 10.1007/s00264-006-0271-z.
[PubMed: 17206498]. [PubMed Central: PMC2219941].

1. Mohammed A, Saravanan R, Zammit ], King R. Intramedullary
tibial nailing in distal third tibial fractures: Distal locking
screws and fracture non-union. /nt Orthop. 2008;32(4):547-9.
doi: 10.1007/s00264-007-0356-3. [PubMed: 17410364]. [PubMed
Central: PMC2532262].

J Orthop Spine Trauma. 2024; 10(2): 78-81.

https://jost.tums.ac.ir


http://jost.tums.ac.ir/
https://doi.org/10.2478/arsm-2013-0035
https://doi.org/10.1097/ta.0b013e3181a7c16d
https://pubmed.ncbi.nlm.nih.gov/19996801/
https://doi.org/10.1016/j.injury.2005.09.009
https://pubmed.ncbi.nlm.nih.gov/16310192/
https://doi.org/10.1016/j.injury.2010.02.020
https://pubmed.ncbi.nlm.nih.gov/20226459/
https://doi.org/10.1080/17453670810016722
https://pubmed.ncbi.nlm.nih.gov/18839377/
https://doi.org/10.1097/bot.0b013e318180e646
https://pubmed.ncbi.nlm.nih.gov/18758282/
https://doi.org/10.1016/j.jcot.2022.101941
https://pubmed.ncbi.nlm.nih.gov/35942323/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9356111/
https://doi.org/10.1016/j.otsr.2011.03.024
https://pubmed.ncbi.nlm.nih.gov/21943776/
http://dx.doi.org/10.22271/ortho.2017.v3.i3e.52
https://doi.org/10.1007/s00264-006-0271-z
https://pubmed.ncbi.nlm.nih.gov/17206498/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2219941/
https://doi.org/10.1007/s00264-007-0356-3
https://pubmed.ncbi.nlm.nih.gov/17410364/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2532262/

Sahebjamei et al.: Dynamic Intramedullary Nailing of Tibia

12.

13.

Hernandez-Vaquero D, Suarez-Vazquez A, Iglesias-Fernandez S,
Garcia-Garcia ], Cervero-Suarez ]. Dynamisation and early
weight-bearing in tibial reamed intramedullary nailing: Its
safety and effect on fracture union. /njury. 2012;43(Suppl
2):$63-S67. doi:  10.1016/S0020-1383(13)70182-7.  [PubMed:
23622995].

Kreb DL, Blokhuis TJ, van Wessem K], Bemelman M, Lansink
KW, Leenen LP. Intramedullary nailing without interlocking
screws for femoral and tibial shaft fractures. Arch Orthop
Trauma Surg. 2013;133(8):1109-13. doi: 10.1007/s00402-013-1775-9.
[PubMed: 23700225].

J Orthop Spine Trauma. 2024; 10(2): 78-81.

https://jost.tums.ac.ir

14.

15.

16.

Omerovic D, Lazovic F, Hadzimehmedagic A. Static or dynamic
intramedullary nailing of femur and tibia. Med Arch.
2015;69(2):110-3. doi: 10.5455/medarh.2015.69.110-113. [PubMed:
26005261).

Gadegone W, Salphale Y, Lokhande V. Results of dynamic
interlock nailing in distal tibial fractures. Surg Sci
2015;6(7):317-26. doi: 10.4236(s5.2015.67048.

Saruhan CS, Algun R, Baris B, Budak K. Unlocked using of
interlocked intramedullary nails in tibial shaft fractures.
Eklem Hastalik Cerrahisi. 2013;24(1):23-9. [In Turkish]. doi:
10.5606/ehc.2013.06. [PubMed: 23441737].

81


http://jost.tums.ac.ir/
https://doi.org/10.1016/s0020-1383(13)70182-7
https://pubmed.ncbi.nlm.nih.gov/23622995/
https://doi.org/10.1007/s00402-013-1775-9
https://pubmed.ncbi.nlm.nih.gov/23700225/
https://doi.org/10.5455/medarh.2015.69.110-113
https://pubmed.ncbi.nlm.nih.gov/26005261/
https://doi.org/10.4236/ss.2015.67048
https://doi.org/10.5606/ehc.2013.06
https://pubmed.ncbi.nlm.nih.gov/23441737/

