Qi et al. BMC Musculoskeletal Disorders (2022) 23:1028
https://doi.org/10.1186/512891-022-06004-2 BMC Musculoskeletal

Disorders

: . ®
s the reconstruction of medial support Giikia

important for revision following failed
treatment of femoral trochanteric fractures?
a retrospective comparative study

Lin Qi'?, Wei Zhang?, Zuhao Chang'?, Zhaoxia Zuo*, Jiaqi Li"?, Jiantao Li?, Hua Chen®" and Peifu Tang?’

Abstract

Background: Hip-preserving revision in patients with failed treatment of femoral trochanteric fracture is still a major
challenge. Whether the medial support reconstruction could benefit the patients and improve the success rate of hip-
preserving revision is still controversial. Hence, the purpose of this study was to evaluate the clinical significance and
prognosis of medial support reconstruction during the hip-preserving revision of failed femoral trochanteric fracture
treatment.

Methods: Patients with failed femoral trochanteric fractures treatments addressed by hip-preserving revision at our
hospital from January 2014 to December 2020 were analyzed retrospectively. 31 patients were included and divided
into a medial support group (n=16) and a non-medial support group (n=15). The fracture healing rate was the pri-
mary measurement. In addition, the differences in Oxford Hip Score (OHS), quality of life, surgical trauma, and compli-
cations were also evaluated.

Results: The fracture healing rate (100%, 16/16 vs. 66.67%, 10/15), the OHS (42.06 £4.12 vs. 30.93 £ 11.56, M£ SD),
and the mental component score of the 12-item Short-Form Survey (SF-12) (54.48 +5.38 vs. 47.90+ 3.47, M=% SD),
were significantly better and the incidence of complications [0(0/16) vs. 40%(6/15)] was significantly lower in the
medial support group than the non-medial support group (p <0.05). No significant differences in the physical com-
ponent score of the SF-12, surgical trauma and reduction in collodiaphyseal angle of affected femur were observed
between groups.

Conclusions: The reconstruction of medial support seems important for revision following failed treatment of femo-
ral trochanteric fractures. Due to the medial augmentation and improvement of the mechanical stability for proximal
femur, the patients might benefit from fracture healing prognosis and functional.
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Background

Femoral trochanteric fracture is a severe public health
problem, usually treated surgically [1-4]. However, due
to the complexity of fracture patterns, failure after opera-

*Correspondence: chenhua0270@126.com; pftang301@163.com tion could not be avoided [1, 5], leading to enhanced dys_
2 Department of Orthopaedics, the First Medical Center, Chinese PLA General function and increased mortality. Therefore, a revision
Hospital, No.28 Fuxing Road, Haidian, Beijing 100853, China operation represents an essential and necessary option

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-06004-2&domain=pdf

Qi et al. BMC Musculoskeletal Disorders (2022) 23:1028

for patients, who experience surgical failure of trochan-
teric fracture, to improve capacity to live independently
[6]. For physiologically young patients with long life
expectancies and adequate bone quality for fixation, hip-
preserving revision is the more recommended treatment
[1, 7, 8]. However, which hip-preserving fixation is more
effective and stable remains controversial [1, 5, 9].

The single intramedullary or extramedullary fixa-
tion system remains the most common hip-preserving
surgical approach [1, 2, 6]. However, inherent design
flaws associated with the implants and the complex bio-
mechanical environment of the proximal femur still
be remained, and this revision strategy has the similar
potential risk of the surgical failure. [10, 11]. Even when
combined with a valgus osteotomy, single internal fixa-
tion approaches have obvious disadvantages, including
abnormal alignment and degeneration of the affected
limb joints [12, 13].

Hence, the reconstruction of the medial support was
introduced to hip-preserving treatment, combining an
anterior medial plate with the single intramedullary or
extramedullary implant, which provides medial support
for the proximal femur, to increases the mechanical sta-
bility of the nonunion site, and improve the success rate
of revision operation [1, 9, 10]. However, due to addi-
tional procedure of the medial support implant, the
augmentation strategy might increase surgical trauma,
longer operation times, result in more complications,
and negatively effect on the limb function [14]. To further
evaluate the clinical significance and prognosis associated
with medial support reconstruction in hip-preserving
revisions for failed femoral trochanteric fracture treat-
ment, we conducted a retrospective comparative study to
examine fracture healing rate, functional outcome, qual-
ity of life, surgical trauma, and complications between
groups with and without medial support reconstruction
in revision treatment.

Methods

Data source

This study was a single-center retrospective case—con-
trol study. We reviewed the electronic medical records
and radiologic data of patients diagnosed with nonunion
of femoral trochanteric zone and were treated with hip-
preserving revision surgery at our hospital from January
2014 to December 2020. Patients were followed up to
assess functional and quality of life outcomes during out-
patient clinic visits or telephone. The study was approved
by the medical ethics committee and we have obtained a
comprehensive agreement for academic use of informa-
tion during their treatments from the patients at the time
of their hospitalization.
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Inclusion and exclusion criteria

Inclusion criteria: (1) Initial operation failure: (DImplant
failure, including cutout or backing out of the cepha-
loscrew, fracture of the nail or plate, or obvious loss of
reduction (varus>10°, rotation>15°); @Nonunion, in
which the fracture failed to heal 6 months postopera-
tively with no signs of further healing on imaging after
nearly 3 months; (2) hip-preserving revisions were per-
formed; (3) follow-up for at least 12 months.

Exclusion criteria: (1) age<18 years; (2) acute or
chronic osteomyelitis; (3) soft tissue infection; (4) avas-
cular necrosis of the femoral head; (5) severe hip osteo-
arthritis (Kellgren—-Lawrence Grade 4); (6) pathological
fracture; (7) segmental bone defect > 6 cm; (8) death; and
(9) poor compliance.

Grouping

Following inclusion and exclusion criteria, 40 patients
with failed trochanteric fracture treatment were iden-
tified. Among them, 6 patients were lost to follow-up,
and 3 died. Finally, 31 patients, including 23 men and
8 women, were included in the study, with an average
age of 57.48+16.48 years (range: 23-86 years). These
patients were divided into two groups: (1) the medial
support group containing 16 cases and (2) the non-
medial support group containing 15 cases. All patients
received autogenous bone grafts (ABGs).

Among the 16 patients in the medial support group, 9
patients required the replacement of the original implant,
7 patients retained their original implant. All patients
were treated with an open reduction and internal fixa-
tion. Based on the anatomical and mechanical charac-
teristics of the proximal femur, a cephalomedullary nail,
5.0-mm locking plate, or 95° dynamic condylar screw
(DCS) (ZhengTian Medical Instrument Co. Ltd, Tianjin,
China) was used to reconstruct the lateral wall; and a
medial anatomic buttress plate (MABP) [15] (ZhengTian
Medical Instrument Co. Ltd, Tianjin, China) was placed
on the anterior medial side of the proximal femur to
reconstruct the medial support.

Among the 15 patients in the non-medial support
group, 8 patients received a replacement implant using a
single intramedullary or extramedullary fixation system
to reconstruct the lateral wall, 7 patients retained their
original implant.

Operative technique

Under general anesthesia, the patient was placed in the

supine position on a radiolucent operating table.
Different surgical approaches and methods were

adopted according to whether the primary implants were

replaced or not. (1) If the primary implant needs to be
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replaced, use the Watson-Jones approach. The primary
internal fixation was removed, the fibroconnective tis-
sues at the fracture were removed with a rongeur, and
the sclerotic bone in the fracture ends was ground with
a grinding drill. The Collodiaphyseal Angle(CDA) was
restored with traction of the affected limb and fixed with
a cephalomedullary nail, 5.0-mm locking plate, or DCS
with the monitoring using fluoroscopy. The structural
bone grafts and bone paste, taken from the anterior iliac
crest, was placed into the nonunion site. Then, at the level
of the lesser trochanter of the medial proximal femur, the
MABP was used to reconstruct the medial support of the
proximal femur. Finally, close the deep fascia, subcutane-
ous tissue and skin separately. (2) If the primary internal
fixation is retained, the anterior approach of proximal
femur (distal extension of the Smith-Petersen approach)
[16] is adopted. After debridement of nonunion site
and autologous bone grafting, the MABP was placed at
the level of the lesser trochanter of the medial proximal
femur to reconstruct the medial support. Finally, close
the wound layer by layer.

The difference between the medial support group and
the non-medial support group is whether to use MABP
to reconstruct the medial support of proximal femur. All
patients underwent debridement and autologous bone
grafting of nonunion site.

Postoperative rehabilitation and follow-up

On postoperative day one (PD1), all patients were
allowed full-range functional exercises, without weight-
bearing, to avoid joint stiffness, and isometric con-
tractions were performed to prevent muscle atrophy.
Radiographic examinations were used to evaluate the
quality of fracture reduction and the position of internal
fixation. Functional and radiological evaluations were
performed postoperatively at outpatient clinics. Only
after the fracture is healed should the patient perform
complete weight-bearing activities.

Evaluation criteria

The primary outcome measurement was fracture heal-
ing rate. The criteria for fracture healing were as follows:
(Dimaging criteria: X-ray shows a blurred fracture line,
and at least three of four cortices have bridging callus
passing through; or CT shows a continuous bridging cal-
lus passing through 25% of cortices on transverse sec-
tion; @clinical criteria: no tenderness during the local
examination, and no pain when walking with full weight-
bearing. These two criteria must be met simultaneously.
Fracture healing can only be diagnosed by interobserver
agreement. If fracture healing cannot be confirmed by
X-ray, CT scan should be obtained. Radiological assess-
ments were performed by two senior authors.
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Secondary outcome measurements were as follows:

(1) Oxford Hip Score (OHS): The scale was performed
by telephone or outpatient follow-up. Patients
are followed up by two authors at intervals of two
weeks to avoid bias associated with both the patient
and the author. The average of the results of these
two follow-ups was taken as the results of the last
follow-up. The scale evaluation criteria are as fol-
lows: Excellent: 40-48; Good: 30-39; General:
20-29; Poor: 0-19.

(2) General Health Outcomes: Physical Component
Score of the 12-item Short-Form Survey (PCS-
12), and Mental Component Score of the 12-item
Short-Form Survey (MCS-12), the follow-up and
bias control method of the patient-rated outcome
measure (PROM) are similar to OHS. And take 37.5
points as the tiering criterion (a score lower than
25% of the U.S. general population average score)
(17];

(3) Surgical Trauma: Incision length (in cm), red blood
cell (RBC) transfusion (in U), operation time (in
min);

(4) Complications: reduction in the collodiaphyseal
angle (in °), implant failure, poor wound healing,
malunion, nonunion, soft tissue or bone infection,
joint stiffness, neurovascular injury, periprosthetic
fracture, avascular necrosis of the femoral head,
deep venous thrombosis, pulmonary embolism, and
reoperation rate (%).

All data were collected by three orthopedic residents
not involved in the treatment of patients.

Data analysis

All data were analyzed by SPSS v.25 (IBM Corp, Armonk,
New York). Quantitative data with normal distribu-
tion and homogeneity of variance are expressed as the
mean +standard deviation (M=£SD). Other data are
expressed as the median (quartile 1, quartile 3) [M (Q1,
Q3)]. Comparisons of quantitative data between two
groups were performed by independent-samples t-test
for parametric variables or the Mann—Whitney U test for
non-parametric variables. Qualitative data are expressed
in numbers and compared between groups using the
Chi-square test or Fisher’s Exact test. A p-value<0.05
was considered significant.

Results

Two senior doctors analyzed the patients’ clinical and
demographic characteristics, with no significant differ-
ences identified between the two groups (Table 1). The
mean follow-up times were 29.63 +16.75 months in the
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Table 1 The demographic characteristics of the patients
Medial support group Non-medial support group P-value*
(n=16) (n=15)
Sex (n) 1
Male/female 11/5 11/4
Age (y) 558+£11.9 60.5£20.3 04362
BMI (kg/m?) 246+38 238+34 0.586
Cause of injury (n) 0.1556
Low energy/high energy 6/10 10/5
Time since injury (months) 9.5(7,13.3) 8(4.5,13) 0.5005
Classification of original fracture 0373
31A1 4 3
31A2 2 5
31A3 10 7
ASA classification (n) 15(1,2) 2(1,2) 0.5539
1/2/3 8/6/2 5/9/1
Singh Index Rating (n) 45(3,6) 4(3,5) 0.4058
1/2/3/4/5/6 0/0/5/3/3/5 0/3/3/2/4/3
acd 2(0,4) 4(1,45) 0.2747
Loss of medial support (n) 10 12 04331
Varus deformities (n) 12 15 0.1012

" Independent-samples t-test or Mann-Whitney U test for quantitative data, Chi-square test or Fisher’s Exact test for qualitative data

BMI Body Mass Index, ASA American Association of Anesthesiologists, aCCl Age-Corrected Charlson Complications Index

medial support group and 42.87+19.87 months in the
non-medial support group, which was not significantly
different. Typical cases are shown in Figs. 1 and 2.

Primary outcome

The fracture healing rate were significantly better in
the medial support group than the non-medial support
group (Table 2).

Secondary outcome

Oxford hip score

Compared with the non-medial support group, the OHS
was significantly better in the medial support group
(Table 2). In the medial support group, 12 patients had
excellent OHS, 4 were Good, compared with 4 excellent,
4 Good, 5 General, and 2 Poor values in the non-medial
support group, and a significant difference was identified
between the two groups (p=0.012).

Fig. 1 A41-year-old man with right trochanteric fracture (AO/OTA A2) initially fixed by proximal femoral locking plate. a The X-ray of original
fracture. b-c Nine months after surgery, X-rays showed fracture not yet healed. d-e The previous implant was replaced with a DCS and a MABP. d
The X-ray showed the fracture healed three months after revision surgery
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Fig.2 A 23-year-old man with left trochanteric fracture (AO/OTA A3) was initially fixed by a long femoral reconstruction intramedullary nail. a The
X-ray of original fracture. b-c The initial implant broke ten months after the operation with the fractur nonunion. d-e The previous implant was
replaced with an InterTAN without medial support reconstruction, and the fracture healed 6 months after revision surgery

Table 2 Clinical outcomes

Medial support group Non-medial P-value*
(n=16) support group
(n=15)
FHR (%) 100(16/16) 66.67(10/15) 0.042
OHS 42064412 3093+£11.56 0.0040
PCS-12 45454555 42.69+7.00 0.1880
MCS-12 5448 +5.38 47904347 0.0001

OHS Oxford Hip Score, PCS-12 Physical Component Score-12, MCS-12 Mental
Component Score-12, FHR Fracture healing rate

" Independent-samples t-test for parametric variables or Mann-Whitney U test
for non-parametric variables

General health

The MCS-12 was significantly better in the medial sup-
port group (Table 2). For the PCS and MCS of SF-12,
patients in the medial support group with a score<37.5
accounted for 12.5% (2/16) and 0 (0/16), respectively. In
the non-medial support group, 26.7% (4/15) and 6.7%
(1/15).

Surgical trauma
The groups noted no significant differences in incision
length, RBC transfusion and operation time (Table 3).

Complications

During follow-up, no complications were reported
in the medial support group, whereas complications
occurred in 6 cases in the non-medial support group
[0(0/16) vs. 40% (6/15), p=0.018]: (1) five cases under-
went total hip arthroplasty (THA) due to implant fail-
ure with nonunion and obvious varus deformity; and
(2) one case underwent total hip arthroplasty (THA)
due to osteonecrosis of the femoral head, combined
with cephaloscrew cutout. (Fig. 3).

Table 3 Surgical trauma and the CDA of affected side

Medial support Non-medial P-value*

group support

(n=16) group

(n=15)

Incision length (cm)  15(9.5,21.3) 10 (4.5, 20) 0.3482
RBC transfusion (U) 5724449 5.4043.09 0.8000
Operation time (min) 214.13+65.67 206.67£84.59 07110
Preoperative CDA () 113.68 £9.51 108.65+£1545 0.3580
Postoperative CDA (°) 1253647.55 129294859  0.1190

RBC Red blood cell, CDA Collodiaphyseal Angle

" Independent-samples t-test for parametric variables or Mann-Whitney U test
for non-parametric variables

Discussion

The study showed that (1) the healing rate was relatively
higher for the medial support group than for the non-
medial support group; (2) the OHS, and MCS-12 of the
medial support group were significantly better than those
of the non-medial support group; (3) the incidence of
complications was lower for the medial support group,
but no significant differences were observed for surgical
trauma. Therefore, the reconstruction of medial support
may be important for revisions of failed femoral tro-
chanteric fracture treatments and might improve clinical
prognosis.

At present, single intramedullary or extramedullary
fixation are still used in many hip-preserving opera-
tions most commonly angle-stable plate, cephalomed-
ullary nail, or locking compression plate (LCP) [1, 2,
6, 18]. However, single implant for revision fixation is
often unable to achieve a satisfactory clinical progno-
sis. Lambers et al. [19] revised 11 patients with failed
trochanteric fracture treatment by replacing the ceph-
alomedullary nail, resulting in a failure rate as high as
27.3%. Another commonly used fixator, dynamic hip
screw (DHS), must be combined with a valgus oste-
otomy to achieve a relatively high healing rate. [12, 13]



Qi et al. BMC Musculoskeletal Disorders (2022) 23:1028

Page 6 of 8

used as salvage treatment

Fig. 3 A 42-year-old man with left trochanteric fracture (AO/OTA A3) initially fixed by inverted less invasive stabilization system plate. a The X-ray
of original fracture. b Ten months postoperatively, X-ray showed implant failure with varus displacement and nonunion. c-d The previous implant
was replaced with a Gamma nail without medial support reconstruction, and the fracture healed nine months after the revision surgery. e-f Twelve
months after the revision surgery, X-ray showed avascular necrosis of the femoral head. g-h Twenty-one months after the revision surgery, THA was

However, this procedure alters the normal alignment of
the lower extremities, increasing the risks of joint pain
and degeneration and significantly increasing the diffi-
culty of further salvage revisions [12]. Lotzien et al. [10,
20] did not use valgus osteotomy but applied DCS as
the primary fixation method for treating patients fol-
lowing surgical failure of intertrochanteric fractures.
The failure rate of revision surgery among the DCS
group was 44.4% (4/9) [12].

In response to the above problems, the value of the
medial support reconstruction of the proximal femur has
gradually attracted surgeons’ attention. Finite element
analysis and biomechanical studies have shown that the
integrity of the medial wall is important for increasing the
destructive load. Furthermore, compared with the recon-
struction of the integrity of lateral wall in proximal femur,
the integrity of the medial wall may be taken priority dur-
ing the fracture fixation to achieve better stability. [21,
22]. Relevant clinical studies have pointed out that poor
restoration of the medial wall of the femur will make the
intramedullary nail fixation tend to fail [23]. Xue et al. [9]
also found the importance of restoring effective medial

support at the intertrochanteric region in the treatment
of intertrochanteric fracture nonunion.

Therefore, given the potential benefits associated with
the reconstruction of medial support, MABD, as a specific
implant that restores the medial support of the hip, has
been designed and successfully applied to the treatment
of femoral neck fracture and nonunion [24, 25]. Hence,
to furtherly evaluate the importance of medial support
reconstruction in hip-preserving revision surgery follow-
ing failed treatment of inter/peri-trochanteric fractures,
we conducted the present study. The clinical prognosis
of patients in medial support group in our study showed
better fracture healing outcome, higher functional scores,
and less complications than ones in non-medial sup-
port group and the other previous related studies [9,
10, 20], which were contributed by better improvement
of mechanical and biological environment on nonunion
site simultaneously: (1) Direct medial support: Previous
medial support plates are placed anterior to the proxi-
mal femur, only provide indirect support [9, 10]. While,
MABP is placed just below the femoral neck and medial
side of proximal femur to provide direct support. This
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placement position of MABP can better abolish the varus
stress of the proximal femur, and provide more effective
mechanical stability for nonunion site. This advantage
was also preliminarily confirmed by biomechanical stud-
ies, which might benefit patients in terms of early func-
tional exercises and fracture healing [26]; (2) Thorough
debridement and autograft: The intertrochanteric region
is rich in blood supply and cancellous bone. Hence, when
revision is carried out, it is previously believed that thor-
ough debridement and autograft of the nonunion site are
not necessary [27]. However, through our study, it was
found that the success rate of fracture healing and one-
stage revision surgery in both groups were significantly
higher than previous clinical reports. This is most likely
related to thoroughly debriding and autografting in all
patients. However, it is worth noting that the failure rate
of revision surgery remained 66.7% higher in the non-
medial support group, and the insufficient improvement
of mechanical stability carried by the single implant may
contribute to this outcome.

However, this study also has some limitations. First, as
a retrospective comparative study, this study is vulner-
able to the inherent inclusion and exclusion biases that
cannot be adjusted. Second, the relatively small patient
sample size and improper control of confounding factors
may affect the corresponding conclusions. Finally, a lack
of consistency exists between implant species and fixa-
tion constructions. Although these differences in implant
selection followed basic principles and standard surgical
procedures were applied to treat nonunion, they remain
associated with stability differences in the final fixation.

Conclusions

In summary, hip-preserving revision remains the first-
line option for physiologically young patients with failed
femoral trochanteric fracture treatment. Among patients
who underwent the reconstruction of medial support,
fracture healing occurred at a higher rate due to the
enhanced stability of the nonunion site compared with
those who did not receive medial support reconstruction.
Moreover, compared with single intra- or extramedullary
fixation, the reconstruction of medial support in the tro-
chanteric area is likely beneficial for patient health out-
comes. Finally, THA might represent a more reasonable
choice for patients with a failed hip-preserving revision
as a salvage option. Surgical failures among older patients
with trochanteric fractures may become more common
with the increasingly aging population. High-quality,
prospective clinical studies remain necessary to confirm
whether the reconstruction of medial support can opti-
mize clinical prognosis.
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