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Abstract

Introduction Nail dynamization is one of the proposed surgical options to manage femoral shaft non-union. This study aims to
assess the efficacy and the ideal timing for dynamization in patients with femoral shaft delayed union or non-union.

Material and methods Sixty-eight patients (38 male and 30 female, mean age 36.85 years old, range 22—58) were recruited. The
patients were divided into three groups according to the fracture healing time: groupa A, fracture healing occurred within nine
months; group B, fracture healing occurred between nine and 12 months; and group C, fracture healing after 12 months or
secondary procedure needed for union. Callus-to-diaphysis ratio was calculated on femur X-rays at the time of dynamization.
Results In 30 patients out of 68, the fracture healing was observed at nine month follow-up; in 26 patients, the fracture healed
within 12 months; eight fractures healed in more than 12 months and only four fractures required a secondary procedure for
union. Dynamization was successful in 64 patients out of 68 (94.12%). The mean callus-diaphysis ratio was significantly
different in group A (»p=0.001) and in group B (p=0.03), compared with group C. The timing of dynamization resulted
significantly different between the three groups. Linear regression analysis revealed that nail dynamization should be performed
between three and six months after trauma. The optimal callus-to-diaphysis ratio should be comprised between 1.47 and 1.19, at
the time of dynamization.

Discussion Nail dynamization revealed safe and effective in the treatment of femoral delayed union and non-union. It should be
considered as a first-line treatment for femoral non-union or delayed union.
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Introduction

Femoral shaft fractures are a quite common injury in ortho-
paedic practice, with a reported incidence of 37.1 per 100,000
person-years in the USA [1]. This fracture pattern can be
caused by high-energy traumas, such as pedestrian accidents,
motor vehicle accidents, sports injuries, and falls from a
height, but it can also be found in low-energy traumas, mainly
in older adults with osteoporotic bone [2] and from metastatic
bone disease [3].
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Closed reduction with a reamed intramedullary nail is wide-
ly considered as the treatment of choice for femoral shaft frac-
tures [2, 4-6], since it has several advantages, including min-
imal accesses; respect for soft tissues and fracture haematoma,
high union rate, ranging from 90 to 100%; and a lower post-
operative infection rate, compared to open surgery [4, 5, 7].

However, delayed union or non-union occur even in fem-
oral shaft fractures treated with reamed intramedullary nailing
[5, 7]. Non-union is defined, according to the Food and Drugs
Administration (FDA), as a fractured bone that has not
completely healed within nine months of injury and that has
not shown progression towards healing over three consecutive
months on serial radiographs [7]. Femoral shaft non-union has
an important economic and functional impact on the patient,
by causing a persistent both physical but and psychological
disability [8, 9].

Consequently, the study of the risk factors for femoral shaft
non-union as well as the search for surgical strategies that
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could treat or prevent this serious complication is gaining a
great interest in international literature.

Nail dynamization, i.e., the removal of interlocking screws
either proximal or distal to the fracture site, is one of the
proposed surgical options to manage femoral shaft non-
union [10]. This simple procedure, generally performed under
local anaesthesia, aims to obtain an increased bony compres-
sion at fracture site, thus improving osteogenesis and the
transmission of weight-bearing forces [11, 12].

Several studies [5, 10—16] have investigated the efficacy of
nail dynamization, but most of them have certain limitations,
i.e., small sample size, concomitant evaluation of both femoral
and tibial shaft fractures, different algorithms used for post-
operative weight bearing, indications for dynamization, and
timing of dynamization, thus making data interpretation chal-
lenging [10].

This study aims to assess the efficacy and the ideal timing
for nail dynamization in patients with femoral shaft delayed
union or non-union.

Materials and methods

Selection of study population: inclusion/exclusion
criteria

The authors have retrospectively reviewed a series of 176 pa-
tients with femoral shaft fractures referring to our Department
between January 2010 and December 2016. Clinical and ra-
diological data were obtained from our trauma database. All
the patients gave informed consent before enrolment.

Inclusion criteria were as follows: type 32 fracture accord-
ing to Arbeitsgemeinschaft fiir Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) classification
system; subsequent dynamization for delayed union or non-
union; minimum clinical and radiological 12-month follow-up
and surgical management with reamed intramedullary nailing.

Exclusion criteria were as follows: surgical management
with open reduction and internal fixation; concomitant ipsilat-
eral femoral neck fracture; periprosthetic fractures; exposed
fractures; history of infections or malignant neoplasms; oste-
oporosis, defined as lumbar or hip 7-score <—2.5; immuno-
suppressive or steroid drug assumption; diabetes mellitus;
BMI > 35 kg/m”.

By applying the inclusion and exclusion criteria, 68 pa-
tients (38 male and 30 female, mean age 36.85 years old,
range 22-58) were recruited for the current study. The patients
were then divided into three groups according to the fracture
healing time:

—  Group A: fracture healing occurred within nine months

— Group B: fracture healing occurred between nine and
12 months
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—  Group C: fracture healing after 12 months or secondary
procedure needed for union.

Surgical management and post-operative care

The average time from trauma to surgery was about 45 hours
(range 20—69 hours). All the patients were treated by the same
surgical team. The intramedullary nailing was always per-
formed after the fracture reduction was obtained on a traction
table; anterograde intramedullary reamed nails were used. The
distal screws were implanted in both static and dynamic holes.
The mean length of post-operative hospital stay was six days
(range 5—13 days). Passive mobilization, i.e., static quadriceps
exercises and passive mobilization of the knee with an electric
motion device, started on post-operative day 1. The patients
observed a non-weight-bearing until the callus formation, but
they were encouraged, under the supervision of a physiother-
apist, to actively mobilize the hip and the knee progressively.
After the callus formation, partial weight bearing was autho-
rized with a 10-weight increase a week for six weeks. Timing to
dynamization was left to the discretion of the treating surgeon.

Radiographic study

Two orthopaedic surgeons, with more than five years of ex-
perience in lower limb surgery, evaluated the anteroposterior
(AP) and lateral (LL) femur X-rays performed at baseline and
at follow-ups, in order to assess the correct intramedullary nail
placement and the bone healing. At the time of dynamization,
callus-to-diaphysis ratio, i.e., the ratio between the diameter of
the fracture callus and the diameter of the normal diaphysis
bone, was assessed in all the patients [10].

The fracture was considered healed when a bone callus
could be depicted in at least three bone cortices out of four
in AP and LL views [4].

Statistical analysis

Statistical analysis was performed using STATA/MP 14 for
Windows (Stata Corp LP, College Station, USA). The
Shapiro-Wilk test was conducted to verify the normal distri-
bution of the data. One-way ANOVA (analysis of variance)
was used to assess the differences between the three groups.
Bonferroni multiple-comparison test was then executed to
evaluate the differences between each group.

Pearson correlation test was performed to assess the asso-
ciation between the fracture union time, the timing for
dynamization, and the callus-diaphysis index.

Logistic regression analysis was conducted to investigate
the effects of the timing of dynamization and of the callus-to-
diaphysis ratio on the fracture union. The tests were two-tailed
with a confidence level of 5%.
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Results

Sixty-eight patients (38 male and 30 female, mean age
36.85 years old, range 22-58) were recruited for the current
study. In 30 patients out of 68 (44.12%), the fracture healing
was observed at 9-month follow-up (group A); in 26 patients
out of 68 (38.24%), the fracture healed within 12 months
(group B); 8 fractures out of 68 healed in more than 12 months
(11.76%, group C) and only four fractures out of 68 required a
secondary procedure for union (7.35%, group C). Patients
underwent nail dynamization, on average, at 6.7 months after
fracture (range 3—10 months). Mean time to fracture union after
the nail dynamization was 5.6 months. Dynamization was suc-
cessful in 64 patients out of 68 (94.12%). Unhealed fractures
were managed with nail exchanging after dynamization; bone
grafting was used, in addiction, in one patient out of four. The
main data of the study are summarized in Table 1.

Table 2 shows the Turkey-Kramer test results: the mean
callus-diaphysis ratio was significantly different in group A
(p=0.001) and in group B (p = 0.03), compared with group C
(Table 2). Moreover, the timing of dynamization resulted sig-
nificantly different between the three groups (Table 2).

Pearson correlation test is shown in Table 3: a significant
correlation between union time, timing of dynamization, and
callus-diaphysis ratio was observed in group A (p=0.031;
p=0.387) and group B (0.0123; 0.0115) (Table 3).

Linear regression analysis results are shown in Table 4. The
impact of the timing of dynamization (X) on the fracture total
union time (Y) is summarized by the following equation:

Y =2.1(X)+35 (1)

It could be noted that if the nail dynamization is performed
between three and six months after trauma, the fracture heals
within nine months after trauma.

The role of the callus-to-diaphysis ratio (Z) on the fracture
total union time (Y) is described by the following equation:

Y =21.8-10.7(Z) (2)

This equation shows that the optimal callus-to-diaphysis
ratio should be comprised between 1.47 and 1.19 at the time
of dynamization, in order to obtain a fracture healing within
nine months after trauma.

Discussion

Nail dynamization is a treatment option for delayed union or
non-union of femoral midshaft fractures.

This procedure accelerates the bone healing, since the
removal of interlocking screws results in an increased con-
tact area and an enhanced compression forces at the
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Table 1 General data of the study
Group A Group B Group C

# of patients 30 26 12
Age

Mean + SD 355+13.74 3425+798 36+6.16

Range 22-58 1649 28-47
Gender

Male, n (%) 16 (23.53%) 16(23.53%) 7 (10.29%)

Female, n (%) 14 (20.58%) 10 (14.7%) 5 (7.35%)
BMI (kg/m?)

Mean + SD 23.6+£2.68 2541+227 244+389
Side

Left, n (%) 18 (26.47%) 16 (23.53%) 8 (11.76%)

Right, n (%) 12 (17.65%) 10 (14.7%) 4 (5.88%)
Smoking status

# of smokers, n (%) 8 (11.76%) 8 (11.76%) 2 (2.94%)
AO classification

32-Al, n (%) - - -

32-A2, n (%) 2 (2.94%) 1(1.47%) -

32-A3, n (%) 6 (8.82%) 10 (14.7%) 2 (2.94%)

32-Bl, n (%) 2 (2.94%) 2 (2.94%) -

32-B2, n (%) 3 (4.41%) 2 (2.94%) 2 (2.94%)

32-B3, n (%) 3 (4.41%) - -

32-Cl, n (%) 4 (5.88%) 3 (4.41%) -

32-C2,n (%) 10 (14.7%) 8 (11.76%) 8 (11.76%)

32-C3, n (%) - - -
Injury mechanism

Motor vehicle accident 20 (29.41%) 18 (26.47%) 8 (14.7%)

%

Fafll f)'rom a height (%) 10 (14.7%) 6 (8.82%) 4 (2.94%)
Callus-to-diaphysis ratio

Mean + SD 1.73+0.065 1.55+0.116 1.02+0.088
Timing of dynamization

Mean + SD 43+0.75 535+0.62 94+1.89

Range 3-5 5-6 7-10
Time to union after dynamization (months)

Mean + SD 426+0.89 537+0.67 6.84+1.65%*

Range 3-6 4-6 6-8
Total union time (months)

Mean + SD 8.12+095 11.2+0.67  15.4+1.49%*

Range 6-9 10-12 12-18%*

#*8 fractures out of 12 healed

fracture site, as well as in a better distribution of the
weight-bearing forces [17]. These mechanical factors pro-
mote the osteogenesis at the fracture site, thus accelerating
the fracture healing [18].

Compared with the alternative surgical procedures used in
the management of femoral non-union or delayed union, i.e.,
nail exchanging, bone grafting, compression plating, and
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Table 2 Tukey-Kramer test for all pairwise comparisons

Group N Mean + SD Significant different
groups (p < 0.05)

Callus-to-diaphysis ratio

(1) Group A 30 1.73 +£0.065 (3) 0.001

(2) Group B 26 1.55+0.116 (3) 0.003

(3) Group C 12 1.02+0.088 (1) 0.001; (2) 0.003

Timing of dynamization

(1) Group A 30 43+0.75 (2) 0.033; (3) 0.001

(2) Group B 26 5.35+0.62 (1) 0.033; (3) 0.002

(3) Group C 12 9.4+1.89 (1) 0.001; (2) 0.001

external fixation, dynamization is a faster, easier, and more
economical surgical option [19].

In the past, nail dynamization was routinely performed
to promote the fracture healing, while it is currently indi-
cated mainly for delayed union or non-union [10, 13, 20].
This change could be bone healing the majority fractures
[10, 13, 14]. Other studies have shown that nail
dynamization, because of the locking screw removal, can
cause bone shortening and loss of rotation stability at the
fracture site, mainly in instable fracture patterns [8, 11, 14,
18, 20]. Moreover, fracture healing may be not achieved
after nail dynamization, especially in long oblique, com-
minuted or spiroid fractures, thus requiring a secondary
procedure for union [19].

Rupp et al. concluded in their work that for femoral and
tibial diaphyseal shaft fractures, dynamization of the nail is an
atraumatic, effective, and cheap surgical possibility to achieve
bony consolidation, particularly in delayed non-unions before
24 weeks after initial surgery [21].

It is reported that the union rates of femoral fractures after
nail dynamization range from 90 to 100% [10], while success-
ful healing after femoral nail dynamization ranges from 19 to
82% [5, 10-16]. Several studies [5, 10-16] have investigated
the efficacy of femoral nail dynamization, but most of them

have certain limitations, which make data interpretation chal-
lenging [10].

The current study aims to assess the efficacy and the ideal
time for dynamization in patients with femoral non-union or
delayed union. This is, to the authors’ knowledge, the larger
study conducted on femoral nail dynamization.

In this study, 68 patients, treated with femoral reamed
endomedullary nail and subsequent dynamization for de-
layed union or non-union, were included. All the patients
were then divided into three groups according to the frac-
ture time healing: in group A patients with fractures which
healed within nine months; in group B patients with frac-
tures which healed between nine and 12 months; and in
group C fractures which healed after 12 months or needed
a secondary procedure for union.

The timing of dynamization resulted significant differ-
ent in each group (Table 2); moreover, a significant corre-
lation between the timing of dynamization and the fracture
healing was observed in group A and group B (Table 3).
Linear regression analysis revealed that when the nail
dynamization is performed between three and six months,
the fracture should heal within nine months after trauma.
These data show that the timing of dynamization has a
great impact on the fracture heling time, suggesting to
perform it between three and six months after trauma.
Indeed, a dynamization performed earlier than three
months after trauma could be ineffective since it could
disturb the plastic callus that is forming at the fracture site
[9]. On the other hand, this study showed that when
dynamization is performed after six months, the successful
rate of this procedure lowers.

Callus-to-diaphysis ratio resulted significantly different
in group C compared with group A and group B; a positive
correlation between callus-to-diaphysis ratio and union
time was found in group A and group B. Linear regression
analysis revealed that the optimal callus-to-diaphysis ratio
should be comprised between 1.47 and 1.19 at the time of
dynamization, in order to obtain a fracture healing within

Table 3 Pearson correlation test

Union time

Group A Group B Group C

R p R P R P
Timing of dynamization 0.5607* 0.031* —0.594* 0.0123* —0.3020 0.2061
Callus-to-diaphysis ratio —0.520% 0.0387* —0.468* 0.0115% —0.2540 0.6272
Age -0.327 0.076 -0.254 0.326 -0.342 0.0863
Sex 0.133 0.332 0.211 0.443 0.253 0.435
BMI 0.226 0.532 0.215 0.657 0.142 0.543
Smocking -0.342 0.0852 -0.126 0.452 -0321 0.121
*Significant p value
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Table 4 Linear regression analysis

Callus-to-diaphysis ratio Timing of dynamization

Union time

R 0.492 0.567

p 0.0001 0.008

Intercept
Coefficient 21.8 -35
Std. error 1.039 1.03
95% C1 20.44-22.35 244-4.6
P 0.0001%* 0.001

Slope
Coefficient -10.7 2.10
Std. error 0.94 0.94
95% C1 9.75/12.10 0.85-3.40
p 0.0001%* 0.0054%*

*Significant p value

nine months after trauma. These findings are consistent
with the data observed by Vaughn et al., who reported that
a callus-to-diaphysis ratio (CDR) greater than 1.17, at the
timing of dynamization, had a 93% rate of union, whereas
patients with a CDR less than 1.17 had a healing rate of
only 20%. The current study confirms that the CDR is a
useful tool to predict the outcome of a nail dynamization.

Dynamization in this study showed a high successful rate
of 94.12%; this could be explained considering that patients
with open fractures, osteoporotic fractures and history of in-
fections were excluded from this study.

The non-standardized timing of nail dynamization, which
was left to the discretion of the treating surgeon, is a limitation
of this study. Our data should be further confirmed in a pro-
spective randomized study, with a standard timing for nail
dynamization.

Conclusion

In this study, femoral nail dynamization revealed safe and
effective in the treatment of femoral delayed union and non-
union, with a successful rate of 94.12%.

Moreover, in this study, a callus-to-diaphysis ratio between
1.47 and 1.19 at the time of dynamization revealed a predic-
tive factor of fracture healing within 9 months after trauma.
Consequently, CDR is an important tool that should be calcu-
lated at the time of dynamization, in order to predict the good
outcome of this procedure.

On the basis of these data, nail dynamization should be
considered as a first-line treatment for femoral non-union or
delayed union. The ideal timing for an effective dynamization
is between 3 and 6 months after injury.
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