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Abstract

Background The relation between timing of weight bearing after a fracture and the healing outcome is yet to be established,
thereby limiting the implementation of a possibly beneficial effect for our patients. The current study was undertaken to
determine the effect of timing of weight bearing after a surgically treated tibial shaft fracture.

Materials and methods Surgically treated diaphyseal tibial fractures were retrospectively studied between 2007 and 2015.
The timing of initial weight bearing (IWB) was analysed as a predictor for impaired healing in a multivariate regression.
Results Totally, 166 diaphyseal tibial fractures were included, 86 cases with impaired healing and 80 with normal healing.
The mean age was 38.7 years (range 16—89). The mean time until IWB was significantly shorter in the normal fracture heal-
ing group (2.6 vs 7.4 weeks, p <0.001). Correlation analysis yielded four possible confounders: infection requiring surgical
intervention, fracture type, fasciotomy and open fractures. Logistic regression identified IWB as an independent predictor
for impaired healing with an odds ratio of 1.13 per week delay (95% CI 1.03-1.25).

Conclusions Delay in initial weight bearing is independently associated with impaired fracture healing in surgically treated
tibial shaft fractures. Unlike other factors such as fracture type or soft tissue condition, early resumption of weight bearing
can be influenced by the treating physician and this factor therefore has a direct clinical relevance. This study indicates that
early resumption of weight bearing should be the treatment goal in fracture fixation.

Level of evidence 3b.
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Introduction

Impaired healing of tibial fractures remains a challenge
in orthopaedic surgery, affecting quality of life and pos-
ing economic problems [1, 2]. A sophisticated approach in
management and stimulation of the bone healing process
is necessary to overcome or avoid these problems. The so-
called Diamond Concept describes five factors contributing
to bone healing: osteogenic cells, osteoinductive stimulants,
osteoconductive scaffolds, vascularity and mechanical envi-
ronment [3]. The first four of these are mainly patient related
and reflect the biological activity of the patient. In contrast,
the mechanical environment is under the direct influence
of the treating physician, since the mechanical environ-
ment is the direct result of treatment options (i.e. a cast or
a plate) and decision-making (i.e. weight bearing or not).
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The relevance from a proper mechanical environment finds
its origin in several key cellular processes that contribute
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to bone healing. After activation by external mechanical
loading, mechanosensory osteocytes modulate the recruit-
ment and activity of osteoblasts and osteoclasts, leading to
remodelling of bone and bone formation through a process
referred to as mechanotransduction. The mechanisms of
mechanotransduction have been widely explored in in vitro
studies [4]. It is known from animal studies that immediate
high strain rates, comparable to walking strains, induce a
greater amount of callus formation during the early phase of
fracture healing [5—7]. Others have shown a dose-dependent
stimulation of enchondral ossification by interfragmentary
strains [8]. Despite these studies, translation of the concept
of mechanotransduction to clinical practice has not yet been
achieved. A direct relation between mechanical loading and
healing outcome has not yet been established.

Current concepts in fracture fixation suggest that micro-
movement in the fracture should take place and that early
weight bearing should be initiated as soon as possible after
fracture management [9]. A common argument against
early weight bearing is possible loss of reduction. How-
ever, a recent biomechanical study has shown that angu-
lar stable locking plates may allow full or at least partial
immediate weight bearing [10]. A recent randomized con-
trolled trial has shown the safety of early weight bearing
after intramedullary fixation [11]. Moreover, withholding
weight bearing causes loss of bone density. Not loading the
bone for 8 weeks after a fracture reduces bone density up to
1 year after the fracture [12]. Additionally, prolonged inac-
tivity quickly affects skeletal muscle tissue [13], leading
to decreased mechanosensory function, atrophy and even
increased energy expenditure on ambulation [14]. The aim
of this study was to explore the relation between timing of
weight bearing and fracture healing after tibial shaft frac-
ture surgery. We hypothesized a positive correlation between
early initial weight bearing and fracture healing outcome,
suggesting that delay of initial weight bearing will increase
the rate of impaired healing. In order to assess the safety of
weight bearing, the fixation failure rate was also analysed.

Materials and methods

All consecutive tibial shaft fractures surgically treated in
a level-I trauma centre between January 2007 and March
2015 were analysed. Data were retrieved from electronic
medical records. Only surgically treated diaphyseal fractures
of the tibia were included according to the AO/OTA rule of
squares described by Miiller et al. [15]. All patients with
impaired fracture healing (IFH) were identified. IFH was
defined as fractures without consolidation (see below) with
a minimum duration of at least 6 months after the fracture.
In this manner, patients with a delayed union as well as
patients with a non-union as defined by the Food and Drug
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Administration were included [16]. Early radiographic fol-
low-up consisted of an intraoperative or early post-operative
tibial multiplane radiograph. Further follow-up radiographic
imaging was performed within 6 months and a second time
after 12 months post-operatively. Thereafter, follow-up was
continued in clinical or radiological impaired healing cases.
Patients aged under 16 years at the time of injury and frac-
tures followed by an amputation within 9 months after injury
were excluded from this study. If no clinical follow-up was
performed at 9 months, patients with IFH were excluded.

Initial weight bearing IWB) was defined as the first doc-
umented moment the patient was able to load the affected
leg with any weight exceeding touch-down weight bear-
ing (TDWB), which in earlier studies is defined as loading
between 15 and 35 1bs. (6.82—-15.91 kg) [17, 18]. Healing
time was defined as the time between injury and pain-free
full weight bearing with radiological signs of progressive
consolidation. Radiological union was assessed using radio-
graphs in two orthogonal planes, commonly anteroposterior
views and lateral views. When three out of four cortices
demonstrated cortical bridging or complete disappearance of
fracture lines, radiological union was scored [19]. Addition-
ally, for the non-unions and for delayed unions the healing
type was assessed independently by two of the investigators
(MR and TB). The radiographs were classified as atrophic
or hypertrophic bone healing. Clinical healing was defined
as the ability to bear full weight without pain [20].

Data on body mass index (BMI), injury severity score
(ISS), smoking, non-steroidal anti-inflammatory drugs
(NSAID) use, steroid use, neurological trauma, presence
of other orthopaedic injuries, infections requiring surgery,
fixation treatment and reaming or non-reaming in IM nail-
ing surgery were retrieved from medical records. Since
previous studies have identified fracture type, fasciotomy
and open fractures as clear risk factors for impaired heal-
ing [21-24], these risk factors were also included in the
analysis. Smoking was scored positive if patients smoked
during fracture healing or within 6 months before trauma,
all regardless of quantity. Two drug types were included
in order to assess drug use influencing fracture heal-
ing: NSAIDs and steroids [25]. The majority of patients
received NSAIDs post-operatively for three to 7 days.
NSAIDs taken over a longer period than 1 week post-
operatively were assessed as drug use influencing fracture
healing [26]. Both NSAIDs and steroids were assessed
regardless of frequency and quantity. Fracture classifica-
tion was assessed according to the AO/OTA classification.
In order to maintain a reliable assessment, only the main
categories type A, B or C, representing, respectively, sim-
ple, wedged and complex fractures were used [27]. Open
fractures were assessed according to the Gustilo classifi-
cation [28]. Traumatic brain injury (TBI) was categorized
according to the Glasgow Coma Scale (GCS), where a
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GCS of 13-15 was classified as mild TBI, a GCS of 9-12
as moderate, and a GCS of 3-8 as severe [29]. Mild TBI
was considered as TBI not affecting rehabilitation, and
moderate or severe TBI was registered as neurological
trauma affecting rehabilitation and was therefore included
in the analysis. Furthermore, tibial fracture patients with
vertebral injury, pelvic injury, ipsilateral lower extremity
injury or contralateral lower extremity injury were docu-
mented. This was done in order to assess whether other
orthopaedic injuries possibly preventing rehabilitation
increased the chance of developing IFH.

Infections requiring surgery (infection procedures) that
occurred within 9 months after trauma were included in the
primary analysis as a possible risk factor for impaired heal-
ing outcome [30]. The following procedures were considered
infection surgeries: placement of gentamicin beads, antibi-
otic-coated nail placement, sequestrectomy, total removal
of implant material, or debridement. Finally, fixation failure
was assessed and comprised both implant failure (assessed
in case of radiologic reported bending or breakage of the
main implant, including the screws) and loss of reduction
with loosening of the implant.

Statistical analysis

All data are shown as mean + standard deviation (SD), unless
otherwise specified. Data were analysed in four steps. First,
data distribution was assessed. Data on BMI and ISS and
IWB were all positively skewed, and therefore a logarithmic
function of these variables was used for further analysis.
Data on age were moderately positively skewed, and there-
fore a square root transformation was calculated and used.
Second, the correlation between our predictor (initial weight
bearing) and our outcome variable (IFH) was assessed.
Third, the role of possible confounders in the relation with
both the predictor and the outcome variable was examined
using separate bivariate correlation tests. Three evident liter-
ature-based risk factors for developing IFH were used in the
regression analyses (see final step) as possible confounders,
regardless of their outcome during correlation tests. These
were fracture type, fasciotomy and open fractures [21-24].
As a final step, regression analysis was performed to test the
predictive value of IWB on the healing outcome in a mul-
tivariate analysis. All possible confounders were stepwise
added (forward) and dropped (backward) from the regression
model to see whether the predictive value of our predic-
tor IWB) was influenced. All tests were two-sided with a
significance set at p <0.05. Data were analysed using SPSS
version 23.0 (IBM SPSS Statistics for Windows, Version
23.0, Armonk, NY).

Results

In 1200 patients, tibial fracture in one or both limbs was
diagnosed, including all diaphyseal and metaphyseal
fractures. Totally, 608 of these were tibial shaft fractures.
Following our exclusion criteria, a total number of 166
surgically treated diaphyseal tibial fractures were treated
in 161 patients. Impaired fracture healing (IFH) occurred
in 86 fractures and 80 fractures healed uneventful (nor-
mal fracture healing, NFH). Of the impaired fractures, 41
were delayed unions and 45 were non-unions. Age, gender,
smoking status and drug use were similar in both heal-
ing groups (Table 1). Data on smoking status and drug
use were documented in 116 and 151 cases, respectively.
In total, 93 fractures were open and 73 were closed. Of
the open fractures, 58 occurred in the impaired healing
group. Twenty-eight fractures in the impaired healing
group were closed. All demographic data are summa-
rized in Table 1. Evident differences in weight bearing
were seen between the NFH group and the IFH group
(Fig. 1). Initial weight bearing was significantly later in
the IFH group (7.4 weeks +SD 10.3) than in the NFH
group (2.6 weeks +SD 2.8) R=0.301, p <0.001 (Table 2).
Among the non-union patients, 18 (40%) had an atrophic
type of non-union. This was similar to the delayed union
group (17 patients, 41%). For the non-union group, initial
weight bearing showed no significant correlation with the
type of non-union (p =0.892). Between both delayed and
non-union groups and within the groups, no significant
differences were found between smokers and healing type
(lowest p value =0.384).

Bivariate analysis identified a significant correla-
tion of two variables with both initial weight bearing (in
weeks) and IFH, being fracture type (R=0.380, p <0.001)
and infection requiring surgical procedure (R=0.298,
p <0.001). These variables were therefore identified as a
possible confounder. p values on correlations with other
variables as stated in the method section can be found in
Table 2. Although the distribution of these factors was
similar in our groups, fasciotomy and open fractures were
already identified as possible confounders based on the lit-
erature (together with fracture type) [21-24]. In bivariate
analysis, these two variables showed relatively high corre-
lations with fracture healing (R=0.319 and 0.239, respec-
tively). Although no significance was found in correlations
with both IWB and IFH outcome, they were included in
the logistic regression model as possible confounders to
isolate the relationship of initial weight bearing and IFH.
Following a significant correlation after bivariate analy-
sis (R=0.298, p<0.001), infection requiring surgery
was also added to the model as a possible confounder. A
logistic regression was performed to ascertain the effect
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Table 1 Demographics, smoking status and drug use of cases with normal (within 6 months) or impaired diaphyseal tibial fracture healing

Patient characteristics Normal healing (n=80)

Impaired healing (n=_86) Bivariate p value Bivariate p value

IWB healing outcome

Age, mean years (£ SD) 36.8 (19.0) 40.5 (17.9) 0.601 0.146
Gender male; female 51; 26 66; 20 0.931 0.095
BMI, median (interquartile range)* 23.4(21.2-25.1) 25.8 (23.4-27.8) 0.323 0.010
Smoking status 0.514 0.295

Smoking 23 24

Non-smoking 27 42

Unknown 30 20
Drug use 0.746 0.206

NSAIDs 7 14

Steroids 2

Both -

No drug use 65 59

Unknown 6 9

Correlation analysis with initial weight bearing (IWB) and with healing outcome was done for each variable. Significant correlation is marked in

italic font

59 cases had missing data
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Fig. 1 A scatter plot with the timing of initial weight bearing (IWB)
in weeks on the x-axis and weeks until fracture union after trauma
on the y-axis. The plot is clustered for fracture healing outcome. The
green triangles represent normal fracture healing, and the red crosses
represent impaired fracture healing (color figure online)

of initial weight bearing on the likelihood of IFH occur-
ring. The logistic regression model showed a significant
relation between initial weight bearing and healing out-
come (y*(5)=57.338, p<0.001). The odds ratio (OR) of
developing IFH was 1.13 per week delay in resumption of
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weight bearing (95% confidence interval 1.03—1.25). The
model correctly classified 75.3% of cases and explained
39.0% (Nagelkerke R2) of the variance in fracture healing.
Forward and backward stepwise regression showed that
this relation was not influenced by any of the identified
variables. Hence, while adjusted for four possible con-
founders, initial weight bearing significantly predicted IFH
(p=0.012). Regression coefficients and standard errors are
shown in Table 3.

Fixation failure occurred in sixteen cases. Thirteen of
these sixteen fixation failures concerned screw breakage in
IM nails. One of all sixteen failures concerned breakage of
the nail, and one concerned breakage of the plate. Screw
bending without breakage occurred in one patient.

In one patient, fixation failure occurred early after frac-
ture fixation in a non-compliant patient. All other patients
that showed fixation failure had started weight bearing at
least 1 month prior to fixation failure. Mean time until fixa-
tion failure was 6 months (+SD 4.63 months) after injury
(range 1-15.5 months including two outliers after 12 and
15.5 months).

Of all patients, 75 cases required additional surgery. Of
these 75 cases, the number of additional procedures per case
was 2.32 with a range of 1-11 procedures. Eighteen out of 75
patients required at least one additional procedure based on
surgical infection management within 9 months after primary
fixation (Table 2). These procedures were removal of osteosyn-
thetics (4 patients), sequestrectomy (3 patients), deep cleaning
and drainage of the fracture area (9 patients) and/or gentamicin
beads or gentamicin-coated nail placement (7 patients). There
were patients with infection having a combination of these
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Table 2 Trauma, fracture and management characteristics of cases with normal (within 6 months) or impaired diaphyseal tibial fracture healing

Patient characteristics

Normal healing

Impaired healing Bivariate p value  Bivariate p value

(n=80) (n=286) IWB healing outcome

ISS, mean 14.8 154 0.440 0.844
AO/OTA type of fracture 0.001 < 0.001

Simple 44 23

Wedge 29 26

Complex 7 37
Open fracture 35 58 0.168 0.002
Other orthopaedic injuries affecting rehabilitation 0.006 0.213

Ipsilateral lower extremity fracture 7 2

Both lower extremities fractured 7 15

Pelvic injury 1

Vertebral injury 2

Polytrauma (> 2 of above-named injuries) 5
Neurological trauma affecting rehabilitation 9 10 0.408 0.939
Treatment < 0.001 0.080

Intramedullary nailing 76 75

Open reduction internal fixation 4 11
IM nails reamed (%)* 38.9 56.6 0.329 0.067
Fasciotomy 5 27 0.070 < 0.001
Infection procedures 1 17 0.009 < 0.001
Duration of fracture healing, mean in weeks (+SD) 18.4 (6.5) 57.1 (26.5) < 0.001 -
Timing of IWB, mean in weeks (£ SD) 2.6 (2.8) 7.4 (10.3) - < 0.001

Correlation analysis with initial weight bearing (IWB) and with healing outcome was done for each variable. Significant correlation is marked in

italic font

59 cases had missing data

Table3 Summary of multivariate logistic regression analysis with
impaired fracture healing as our dependent outcome variable

p value Odds ratio 95% CI for OR

Lower Upper

Initial weight bearing 0.012 1.13 1.03 1.25
Infection requiring procedure 0.143  5.23 0.571 48.01
Fracture type 0.002 2.19 1.34 3.58
Fasciotomy 0.040  3.39 1.06 10.84
Open fracture 0.109 1.84 0.87 3.87

procedures. Twenty-seven out of 75 cases received removal of
screws for dynamization purposes to improve healing. In the
remaining 20 cases, additional surgery consisted of superficial
wound cleaning or removal of screws, because of skin damage
or patient complaints.

Discussion

Weight bearing after a fracture is important, as it helps
to maintain bone and muscle mass and helps to return to
daily life participation [13, 14]. Moreover, through a pro-
cess referred to as mechanotransduction weight bearing
supports bone healing. This positive effect, however, has
been determined in laboratory-based studies mostly [5, 6,
8], and many surgeons are still hesitant to permit imme-
diate weight bearing. This study showed a clear relation
between healing outcome and initiation of weight bearing
in 166 consecutive surgically treated tibial shaft fractures.
In this cohort study, a significant correlation between timing
of initial weight bearing and outcome in diaphyseal tibial
fracture healing was identified. Patients who showed normal
healing of their tibial fractures started initial weight bearing
significantly sooner than patients who developed impaired
healing. Moreover, in a multivariate analysis late resumption
of weight bearing was identified as an independent risk fac-
tor for development of impaired healing. Although the odds
ratio for the development of impaired healing is relatively
small, it accounts for an odds ratio per week delay of weight
bearing restriction, indicating a cumulative effect per week
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extra delay. Other risk factors are present and play an evident
role, but in contrast to many other factors, weight bearing is
under the direct influence of the treating physician.

Mechanical stability of the currently used osteosynthetic
material allows for full weight bearing, and the average
load supported by the injured limb in tibial fracture patients
exceeds 50% of the uninjured limb at 1 week without any fix-
ation failure [9, 10]. More recently, the safety of early weight
bearing in tibial shaft fractures has been demonstrated in a
prospective study on early weight bearing. Although fixa-
tion failure is often mentioned as an argument in postponing
initial weight bearing, only sixteen patients (9.6%) of our
total population developed a fixation failure. The majority
consisted of inconsequently and cost-neutral bending or
breakage of screws in IM nails, also referred to as autody-
namization. In these cases, reoperation was not necessary.
Considering the small number of clinically relevant fixa-
tion failures (1.8%) and the timing of failure (¢ 6 months),
fixation failure in this population is considered a result of
impaired healing, instead of a cause. Safety is therefore not
considered a valid argument against resumption of weight
bearing in this population.

Given the retrospective design of our study, several limi-
tations have to be kept in mind when interpreting these data.
First, timing of initial weight bearing was retrieved from the
electronic medical records. For each patient, initial weight
bearing was defined as any loading exceeding touch-down
weight bearing (TDWB) and the timing was identified based
on notes of the doctor or the physical therapist. The physical
therapists are all experienced and exclusively appointed to
the trauma ward, but training of patients and documenta-
tion of progress are not necessarily performed every day.
Thereby, underreporting of loading may play a role in the
data. Since reporting is generally done more extensively in
patients requiring more care, this effect is expected to be
larger in the normal healing group. Second, as the definition
of impaired fracture healing is still debated upon, delayed
healing and non-unions were combined. This method may
cause an overestimation of actual union healing complica-
tion, because many patients with delayed healing may have
a seemingly natural healing course. Although this increases
the heterogeneity of the impaired healing group, combining
delayed and non-unions has increased the number of cases
and resulted in increased analytical strength of the study.
We realize that a non-union rate of 27% is high, compared
to an average reported rate ranging from 5 to 17% [2, 11,
22, 30]. In contrast to the majority of trials, our series con-
sisted of surgically treated tibial fractures encountered in a
level-I trauma centre with relatively many open injuries and
can therefore not be seen as representative for any general
orthopaedic practice population. Moreover, this population
has been injured mostly in high-energy trauma, which may
be an independent risk factor for bone healing [31]. In our
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group, no difference in atrophic or hypertrophic healing pat-
tern was seen in the impaired healing group compared to
the non-union group, but the number of cases is relatively
small to warrant a conclusion in this perspective. Third, the
number of cases included in the final analysis is relatively
small compared to the total number of patients treated dur-
ing the study period. This is due to several factors, including
treatment in a level-I facility, where patients are transferred
to other institutions after initial stabilization and thereby are
lost to follow-up. Finally, our data do not represent heal-
ing of all tibial fractures. Only surgically treated tibial shaft
fractures were included. This has limited the sample size
of our study and limits the external validity of our data for
other fractures, such as non-operatively treated tibial shaft
fractures. However, the homogeneity in our study group was
increased by this inclusion, leading to improved rigidity of
our conclusions.

Another consideration in interpretation of this study is the
possibility of a reverse relationship between weight bearing
and healing outcome; delayed healing may result in more
pain, and therefore delay weight bearing, instead of delayed
weight bearing leading to impaired healing. Two arguments
are important in this perspective. First, the delay in weight
bearing for both normal healing and impaired healing (2.6
and 7.4 weeks after surgery, respectively) is for both groups
much shorter than the mean time to union, even for normal
healing. In other words, delay in weight bearing is observed
in the early phase of fracture healing, which is consistent
with the concept of mechanotransduction. Second, healing
outcome was defined as the dependent variable throughout
the statistical evaluation. In both forward and backward
logistic regression, the time of initial weight bearing was
identified as an independent factor with a significant pre-
dictive value on healing outcome (p=0.012). This rigorous
statistical analysis indicates a clear effect of early weight
bearing on positive healing outcome.

In conclusion, the current study is the first to describe the
relation between delay in weight bearing and development of
impaired healing of surgically treated tibial shaft fractures.
A significant relation was observed (p =0.012), indicating
a risk of impaired healing that increases with each week
in delay of weight bearing. The aim in treating tibial shaft
fractures should therefore be to allow early weight bearing,
exceeding touch-down weight bearing, as soon as possible.
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