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Aims

Postoperative malalignment of the femur is one of the main complications in distal femur
fractures. Few papers have investigated the impact of intraoperative malalignment on post-
operative function and bone healing outcomes. The aim of this study was to investigate
how intraoperative fracture malalignment affects postoperative bone healing and functional
outcomes.

Methods

In total, 140 patients were retrospectively identified from data obtained from a database of
hospitals participating in a trauma research group. We divided them into two groups ac-
cording to coronal plane malalignment of more than 5°: 108 had satisfactory fracture align-
ment (< 5°, group S), and 32 had unsatisfactory alignment (> 5°, group U). Patient character-
istics and injury-related factors were recorded. We compared the rates of nonunion, implant
failure, and reoperation as healing outcomes and Knee Society Score (KSS) at three, six, and
12 months as functional outcomes. We also performed a sub-analysis to assess the effect of
fracture malalignment by plates and nails on postoperative outcomes.

Results

The rates of nonunion and reoperation in group U were worse than those in group S (25.0%
vs 14.3%; 15.6% vs 5.6%), but the differences were not significant (p = 0.180 and p = 0.126,
respectively). Mean KSS in group U at all follow-up periods was significantly worse that in
group S (75.7 (SD 18.8) vs 86.0 (SD 8.7); p < 0.001; 78.9 (SD 17.2) vs 89.1 (SD 9.8); p < 0.001;
85.0 (SD 11.9) vs 91.1 (SD 7.2); p = 0.002, respectively). In the sub-analysis of plates, mean
KSS was significantly worse in group U at three and six months. In the sub-analysis of nails,
the rate of reoperation was significantly higher in group U (28.6% vs 5.8%; p = 0.025), and
mean KSS at six and 12 months was significantly worse in Group U.

Conclusion
To obtain good postoperative functional results, intraoperative alignment of the coronal
plane should be accurately restored to less than 5°.

Cite this article: Bone Jt Open 2022;3-2:165—-172.
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Introduction intramedullary nail (RIN) are widely used to
It is challenging to achieve and maintain treat these fractures.? Many studies showed
adequate reduction of femoral fractures."! almost no differences in postoperative
Among the implants developed for distal outcomes between LCP and RIN.>* Some
femur fractures in recent decades, the locking  authors have concluded that preoperative
compression plate (LCP) and retrograde
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Patients with distal femurfracture who
had surgery between 2015 to 2019
(n=439)

Inclusion criteria
Patients who had surgery for acute and
unilateral distal femur fractures and who were
able to walk without assistance before injury”
(n=352)

*Each category of
new mobility score >2

Analysed cases
n=140

|

Exclusion criteria
Age<18=6
Died=10
Lost to follow-up before 6 months after surgery=98
Bilateral fractures or open fractures=31
Only screw fixation or external fixation=31
Periprosthetic TKA fractures=36

[ | l

Group S Group U
(n=108) (n=32)
LCP=39 RIN=69 LCP=18 RIN=14

Immediately postoperative radiographic coronal
malalignment>5° (Group U), or not (Group S)

( LCP: Locking compression plate, RIN: Retrograde Intramedullary nail)

Fig. 1

Patient flowchart for this study. Patients with open fractures and periprosthetic total knee arthroplasty (TKA) fractures were excluded. Finally, the analyzed
cases were divided into the satisfactory and unsatisfactory groups (Group S and Group U) according to coronal plane alignment of 5° on the immediate

postoperative radiograph.

planning and surgical technique are more important
than which implant to use.*

One of the postoperative complications in distal femur
fracture is malalignment of the femur, which may be
largely related to poor intraoperative restoration. Postop-
erative fracture malalignment is thought to be related to
functional and healing outcomes.> However, many studies
analyzed fracture malalignment as a clinical outcome, so
the impact of intraoperative fracture malalignment on
postoperative outcomes remains unclear.

The aims of this study were to investigate 1) the
incidence of fracture malalignment after distal femoral
fracture surgery and 2) how intraoperative fracture
malalignment affects postoperative functional outcome
and bone healing in terms of LCP and RIN use.

Methods

Subjects. Data from the hospitals of a trauma research
group, named TRON, were extracted for this study. This
registry collects data about all orthopaedic trauma pa-
tients referred to participating hospitals, and data have
been registered annually since 2014. The hospitals
participating in the database were all associated with
the Department of Orthopaedic Surgery of Nagoya
University, and orthopaedic surgeons performed the sur-
gery at these hospitals, located in central Japan.

All eligible patients were registered using an opt-out
consent process. Patients were provided with a letter
and a brochure informing them that they had been regis-
tered, the purpose of the registration, and the procedure
to remove themselves from the registry. The registry had
ethical approval from all participating institutions. This
study also received institutional ethical approval (refer-
ence number 2020-564).

We extracted data from the database on 439 patients
who were treated with surgery for distal femur fractures
from 2014 to 2019. The inclusion criteria for this study
were 1) acute and unilateral fractures and 2) fractures
in patients who walked without care before injury.
The exclusion criteria for this study were 1) fractures in
patients under 18 years old, 2) patients who died within
a year after surgery, 3) follow-up of < six months, 4) frac-
tures treated by screw or external fixation only, and 5)
periprosthetic total knee arthroplasty (TKA) fractures. We
divided the analyzed cases into two groups: those with
coronal plane malalignment of more than 5° (Group U)
and those with malalignment of less than 5° (Group S) at
the fracture site on immediate postoperative radiograph
(Figure 1).

Clinical evaluation. The following demographic data
were extracted for each patient: 1) background factors:
sex, age, BMI, Charlson Comorbidity Index,® ASA-PS
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Table 1. Patient demographic data.

Variable Group S Group U p-value
Number of patients 108 32

Mean age, yrs (range) 70.3 (2510 93) 70.0 (19 to 88) 0.907*
Sex, n; M/F 24/84 10/22 0.349t
Mean BMI, kg/m? (range) 23.2 (14.2t0 39.3) 22.7 (14.2 to 30.5) 0.598*
Smoking, n (%) 9 (8.3) 4(12.5) 0.724%
ASA, n (%) 0.536t
| 32 (29.6) 13 (40.6)

Il 65 (60.2) 17 (53.1)

1] 11 (10.2) 2(6.2)

CCl, n (%) 0.867F
Low (0) 50 (46.3) 15 (46.9)

Medium (1 to 2) 47 (43.5) 13 (40.6)

High (3 to 4) 6(5.6) 3(9.4)

Very high (> 5) 5 (4.6) 1(3.1)

History of fragility fractures, n (%) 33 (30.6) 13 (40.6) 0.293%
Mean preoperative Parker's mobility score (SD) 8.55 (0.98) 8.50 (0.98) 0.815%
Injury mechanism, n (%) 0.655%
Low-energy 79 (72.5) 21 (67.7)

High-enegy 30 (27.5) 10(32.3)

AO/OTA classification, n (%) 0.789%
Al 25(23.1) 11 (34.4)

A2 20 (18.5) 5(15.6)

A3 19 (17.6) 6(18.8)

B1 5(4.6) 0(0.0)

B2 2(1.9) 0(0.0)

B3 1(0.9) 0(0.0)

C1 10 (9.3) 5(15.6)

Cc2 22 (20.4) 4(12.5)

c3 4(3.7) 13.1)

Mean angular coronal deformity at injury, ° (SD) 8.8(9.7) 10.4 (10.0) 0.392*
Mean angular sagittal deformity at injury, ° (SD) 16.2 (14.4) 21.2 (17.9) 0.106*
Implant, n (%) 0.064t
LCP 39 (36.1) 18 (56.2)

RIN 69 (63.9) 14 (43.8)

Mean operating time, mins (SD) 152.3 (80.6) 165.5 (71.6) 0.406*
Mean blood loss, ml (SD) 165.1 (197.8) 166.8 (157.4) 0.967*

*Welch's t-test.
TFisher's exact test.
FMann-Whitney U test.

ASA, American Society of Anesthesiologists; CCl, Charlson Comorbidity Index; LCP, locking compression plate; RIN, retrograde intramedullary nail; RIN,

retrograde intramedullary nail; SD, standard deviation.

(American Society of Anesthesiologists-Physical Status),”
history of fragility fractures, smoking, walking status;
2) injury factors: injury mechanism, angular deformity
of the fracture in the sagittal or coronal plane, and AO/
OTA fracture classification;® and 3) surgical factors: op-
erating time and intraoperative blood loss. High-energy
trauma was defined as anything worse than a fall from a
standing position, such as traffic accidents, whereas low-
energy trauma was defined as a fall from a standing posi-
tion or from lying in bed.? Fragility fractures were defined
as fractures resulting from low-energy trauma that were
located at the proximal humerus, distal radius, vertebra,
or femoral neck.'® Walking status was evaluated with the
Parker Mobility Score (PMS)." In the PMS, the following

three items are rated from O (not at all possible) to 3 (not
difficult), with a maximum total score of 9: “able to move
around the house”, “able to go out”, and “able to go
shopping”.2"

We analyzed the postoperative radiological outcomes
according to implant failure, bone union, and malalign-
ment of the femur in the coronal plane at the fracture
site. Intraoperative malalignment was calculated by the
residual angular deformity of the fracture in the coronal
plane on immediate postoperative radiograph. Bone
union was defined as bony bridging of three or four
cortices on anteroposterior and lateral radiographs.'?
Delayed union was defined as absence of bone union
at the six-month follow-up, and nonunion was defined
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Table Il. Intraoperative and postoperative outcomes.

Variable Group § Group U p-value*
Number of patients 108 32

Malalignment > 7° at last 12 (11) 26 (83.9) < 0.001
follow-up, n (%)

Nonunion, n (%) 14 (13.2) 9(29.0) 0.054
Implant failure, n (%) 4 (3.7) 3(9.7) 0.182
Reoperation, n (%) 6(5.5) 5(6.1) 0.066
Complication, n (%) 0.108
Implant failure 2(1.8) 2(6.5)

Delayed union 3(2.8) 3(9.7)

Infection 1(0.9) 0(0.0)

Procedure, n (%) 0.403
Bone grafting only 2(33.3) 0 (0.0)

Replace with plate 2(33.3) 1(20.0)

Replace with RIN 0(0.0) 1(20.0)

Additional plate 1(6.7) 3 (60.0)

Implant removal 1(16.7) 0(0.0)

*Fisher's exact test.
RIN, retrograde intramedullary nail.

as absence of the progression of union in the past three
months at the 12-month follow-up.” Implant failure
included broken nails and plates and loose or broken
screws. Implants that were removed due to patient
request without complications were excluded from this
study.*

We assessed the Knee Society Score (KSS) as knee
functional outcome at three, six, and 12 months after
surgery. The KSS includes range of flexion, pain, align-
ment, flexion contracture, extension lag, and stability
of the knee.™' We also analyzed the clinical outcomes
for each surgical procedure (LCP and RIN) in a subgroup
analysis. In addition, we performed a sub-analysis of the
impact of fracture malalignment on the postoperative
outcomes for LCP and RIN.

Patient demographic data. In total, 140 patients were
analyzed. We found that 32 patients (22.8%) had in-
traoperative coronal malalignment of > 5°. The mean
follow-up period was 18.5 months (6 to 84). The baseline
characteristics and surgery data of the patients and the
fractures are presented in Table I. There were no signif-
icant differences in patient characteristics, comorbidity,
severity of injury mechanism, and fractures between the
two groups. There were also no significant differences in
mean operating time and blood loss between the two
groups using Welch’s t-test (152.3 vs 165.5 mins (p =
0.406) and 165.1 vs 166.8 ml (p = 0.967), respectively,
both Welch’s t-test).

Statistical analysis. Two orthopaedic trauma surgeons
(YK, YT) evaluated the alignment of the femur, fracture
classification, implant failure, and fracture union. We
calculated intraclass correlation coefficients (continuous
variable) and Kappa coefficient (categorical data) for
interobserver reliability, and they were 0.73 and 0.79,
respectively. All categorical variables were compared

between the two groups using Fisher’s exact test; all
continuous variables were analyzed using Welch’s t-test.
The results of functional assessment data were presented
in box plots. We used a pairwise method to exclude the
missing data of functional assessment. The significance
level was set at p < 0.05, and all statistical analyses were
performed using EZR (Jichi Medical School, Japan).

Results

We used Fisher’s exact test to compare complication
rates. The number of implant failures in group S was
4/108 (3.7%), and in group U was 3/32 (9.4%) (p =
0.196, Fisher’s exact test). Nonunion occurred in 15/108
(13.2%) patients in group S and 8/32 (25.0%) patients in
group U (p = 0.180, Fisher’s exact test). Reoperation was
required in 6/108 (5.6%) patients in group S and 5/32
(15.6%) patients in group U (p = 0.126, Fisher’s exact
test). Reasons for reoperation were implant failure in
four patients (three in group S, one in group U), delayed
union in six patients (three in group S, three in group U),
and infection in one patient in group U. The reoperation
procedures included bone grafting only in two patients,
arthroplasty with plate or RIN in four, additional plating
in four, and implant removal in one patient (Table II).

The mean KSS in group U was significantly lower
than that in group S at all follow-up periods with using
Welch’s t-test each timepoint (75.7 SD 18.8) vs 86.0 (SD
8.7); p <0.001; 78.9 (SD 17.2) vs 89.1 (SD 9.8); p < 0.001;
85.0 (SD 11.9) vs 91.1 (SD 7.2); p = 0.002, respectively)
(Figure 2).

In the sub-analysis of LCP, nonunion occurred in 5/39
(12.8%) patients in group S and in 4/18 (22.2%) patients
in group U with using Fisher’s exact test(p = 0.442, Fish-
er’s exact test). There were no significant differences in
the rates of reoperation and implant failure between the
two groups (Supplementary Table i). The mean KSS was
higher in group S at three and six months (85.2 vs 71.1;
p = 0.001; 88.1 vs 79.0; p = 0.009, respectively, both
Welch’s t-test), but there was a significant difference at
12 months using Welch’s t-test at each timepoint (90.5 vs
85.3; p =0.088) (Figure 3).

In the sub-analysis of RIN, the number of nonunion in
group S was 10/69 (15.2%) in group S and 4/14 (28.6%)
in group U with Fisher’s exact test (p = 0.254). The rate of
reoperation was significantly worse in group U (5.8% vs
28.6%; p = 0.025) (Supplementary Tables ii and iii). The
mean KSS was higher in group S at six and 12 months
using Welch’s t-test at the each timepoint.(89.7 vs 78.7; p
=0.003; 91.4 vs 84.7; p = 0.008) (Figure 4).

Discussion

This is, to our knowledge, the first large-sample report
to investigate the effect of accurate intraoperative
reduction of distal femur fractures on bone healing and
functional outcome. We found that 22.8% (32/140) of
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Fig. 2
Box plots for Knee Society Score (KSS) at three, six, and 12 months by intervention group. Boxes show upper and lower interquartile range with the median
indicated by the black horizontal line. * indicates a significant difference between the two groups. The mean KSS in group U was significantly lower than that

* *
10 | 1 1 T
90 . x
@
= 80
Q 1
n
> 70 - |
(0]
3
v 60
(0]
2
v 50
o o . Group S
40 D Group U
30
3 months 6 months 12 months
Fig. 3

Box plots for Knee Society Score (KSS) at three, six, and 12 months in the locking compression plate sub-analysis. Boxes show upper and lower interquartile
range with the median indicated by the black horizontal line. * indicates a significant difference between the two groups. The mean KSS was significantly

higher in group S at three and six months, but there was no significant difference at 12 months.
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Fig. 4
Box plots for Knee Society Score (KSS) at three, six, and 12 months in the retrograde intramedullary nail sub-analysis. Boxes show upper and lower
interquartile range with the median indicated by the black horizontal line. * indicates a significant difference between the two groups. There was no
significant difference in the mean KSS at three months between the two groups, but the scores at six and 12 months were significantly higher in group S.

patients had the coronal plane malalignment of > 5° at
the last follow-up, and this was similar to the results from
previous studies with large sample size (22% to 28%).>"
The present study showed that malalignment after bone
healing was strongly impacted by intraoperative fracture
malalignment.

There was no significant difference in the rate of
nonunion between group S and group U. The rate of
nonunion in group U was much higher than that reported
in previous studies (25.0% vs 8% to 6%)."'® Barei and
Beingessner'” emphasized the importance of reduction
status to reduce healing time. Biological studies have
shown that unstable fixation delays healing of the frac-
ture.?® A previous biomechanical study showed varus or
valgus loading with greater deformity resulted in more
dislocation of the fracture.?’ These results suggest that
intraoperative coronal plane malalignment resulted in a
stronger shearing force on the fracture, making fixation
more unstable, and disturbing fracture healing.

The KSS at all follow-up periods was significantly
better in group S than group U. Using Neer’s scoring
system,? Zehntner et al® showed satisfactory alignment
of the femur to be compatible with a good functional
result. These data indicated that intraoperative fracture
malalignment was an important predictor of poor func-
tional outcome in the early postoperative period.

The sub-analyses showed that the rate of reoperation
for RIN was significantly worse in group U compared to
group S, but there was no significant difference in the
rate between the two groups for LCP. This result might
be due to the greater stiffness of the RIN compared
to the strength of bone. Previous studies using finite
element analysis showed that both intramedullary nails
and plates are most stressed around the distal screw.
Zlowodzki et al?®* showed disruption of the distal bone
fragment under axial loading in a varus malalignment
bone model, whereas only one of eight specimens in the
LCP group had loss of fixation. Wahnert et al* showed
splitting of the distal fragment and medial screw cut-out
under axial loading. They concluded that RIN was too
rigid to hold the screw to the bone through deformation
caused by axial loading due to bone malalignment. On
the other hand, the differences in the KSS at early post-
operative periods in the patients with LCP were greater
than those in the patients with RIN. This might be due to
the greater axial load stiffness of RIN compared to LCP.
Many previous biomechanical studies showed RIN to be
more resistant to axial loading than LCP.>>%6 Bliemel et
al?¢ showed that the stiffness of the RIN was higher than
that of the LCP at 2,500 N axial loading (1,550 N/mm,
910 N/mm, respectively). Taylor et al?” used telemetry to
investigate the load on the femur during gait and found
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that the peak axial force on the femur during gait in a
70 kg subject ranged between 1,487 and 1,718 N. We
believe that intramedullary nails are more stable and can
be loaded more comfortably in patients with fracture
malalignment, thus resulting in better early postopera-
tive functional recovery.

This study has some limitations. First, the retrospective
nature of this study carries the inherent risk of observer
bias, including the potential for missing data and
inability to control confounding variables. Second, we
did not adjust for confounding factors using propensity
score matching or other methods. In our study design,
the number of cases in group U was low, and we were
concerned that patient matching would reduce the
overall number of cases. Therefore, we excluded open
fractures, which were a significant risk factor for nonunion
in previous studies.”® We found no significant difference
in the patients’ demographic data, so we believe that
we could sufficiently reduce confounding factors. Third,
we did not evaluate rotational malalignment. Previous
studies revealed adverse effects of rotational malalign-
ment in the lower limb.?® Intraoperative fluoroscopy may
provide some assistance in the restoration of coronal and
sagittal alignments, but there is no reliable method of
assessing intraoperative rotational alignment of the lower
limb.? Therefore, we used malalignment in the sagittal
and coronal planes for easier intraoperative evaluation in
this study. Fourth, we did not assess the articular surface,
since this was difficult to determine intraoperatively. As
there are almost no papers on the postoperative effects
of poor reduction of articular surface in distal femur frac-
tures, and no clear evaluation criteria, we did not evaluate
it in this study. Finally, we substituted the intraoperative
assessment of malalignment with immediate postoper-
ative radiological assessment. Although we believe this
is an effective method for this study design, in actual
clinical practice, intraoperative evaluation methods are
important, and we were unable to make any recommen-
dations regarding this issue. Scott et al** proposed an
effective intraoperative assessment of coronal alignment
using the anatomical lateral distal femoral angle of the
contralateral distal femur view.

In conclusion, we found that intraoperative coronal
plane malalignment of more than 5° resulted in signifi-
cantly worse impacts on postoperative functional
outcomes. We advocate that the intraoperative align-
ment should be no more than 5° for good postoperative
bone healing and functional prognosis.

A Take home message
’) - Intraoperative fracture malalignment may adversely affect
postoperative fracture union and function.
- The findings of the current study are consistent with the
results suggested by previous retrospective studies.
- Intraoperative coronal malalignment should be no more than 5° for
good postoperative bone healing and functional prognosis.

Supplementary material

Tables showing bone healing and functional
outcomes for locking compression plate and
retrograde intramedullary nail.
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