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Abstract
Background  Femoral neck fractures (FNFs) in young adults are usually caused by high-energy trauma, and their 
treatment remains a challenging issue for orthopedic surgeons. The quality of reduction is considered an important 
factor in improving the poor prognosis of patients with FNFs. In recent years, positive buttress closed reduction 
technique has received widespread attention in the treatment of FNFs. This comprehensive literature review is 
designed to encapsulate the impacts of both non-anatomic and anatomic reduction on the biomechanical stability, 
clinical outcomes, and postoperative complications in the management of FNFs, conjecture the efficacy of positively 
braced reduction techniques and provide a thorough summarization of the clinical outcomes.

Methods  In this literature review, we have examined all clinical and biomechanical studies related to the treatment 
of FNFs using non-anatomical reduction or positive and negative buttress reduction. PubMed, Web of Science, 
Google Scholar and Embase Library databases were searched systematically for studies published before September 
1, 2023. Published literature on fracture reduction techniques for treating FNFs was reviewed. In addition, we 
evaluated the included literature using the MINORs tool.

Results  Although the “arch bridge” structure formed by the positive buttress reduction technique improved the 
support to the cortical bone and provided a more stable biomechanical structure, no significant differences were 
noted in the clinical efficacy and incidence of postoperative complications between the positive buttress reduction 
and anatomical reduction.

Conclusion  Positive buttress reduction is an effective treatment method for young patients with FNFs. When facing 
difficult-to-reduce FNF, positive buttress reduction should be considered first, followed by anatomical reduction. 
However, negative buttress reduction should be avoided.
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Introduction
As a result of an aging population, the number of people 
with hip fractures continues to increase and is expected 
to reach 63 million by 2050 [1, 2]. Most (54%) of the frac-
tures occur in the neck of the femur [3]. The incidence 
of femoral neck fractures (FNFs) in middle-aged and 
young people is also on the increase [4]. FNFs in young 
adults are usually caused by high-energy trauma, which 
may involve displaced fracture patterns, leading to insta-
bility at the fracture site [5]. The treatment of these inju-
ries remains a challenging issue for orthopedic surgeons 
[6, 7]. The vascular supply to bone is often damaged in 
displaced FNFs. As a result, displaced FNFs are often 
accompanied by a high rate of complications, including 
nonunion and osteonecrosis of the femoral head (ONFH) 
[8, 9].

The treatment of displaced FNFs often necessitates sur-
gical intervention and comprehensive rehabilitation to 
restore mobility and function. Anatomical reduction is a 
common surgical technique used to realign fractured or 
dislocated bones and can be executed through an open 
or closed surgical approach. The fracture reduction tech-
nique aims to maximize the contact between the surface 
of the fractured ends to promote bone healing. In addi-
tion, it should also avoid excessive repeat reductions 
and the twisting of the intra-articular capsule artery to 
reduce the risk of damaging the blood supply [10–12]. 
However, the efficacy of this technique heavily relies on 
the surgeon’s experience. Moreover, anatomical reduc-
tion can not always be achieved, particularly in com-
plex commuted fractures. Failure to achieve anatomical 
reduction can increase the risk of adverse events after 
surgery [13–16]. Unfortunately, postoperative complica-
tions such as nonunion, internal fixation failure, ONFH, 
infection, and nerve paralysis are common after FNFs 
reduction surgery, particularly in young people [17]. The 
risk of postoperative complications can increase if poor 
bone alignment is not detected. Poor alignment is more 
difficult to detect during closed reduction surgery. Imme-
diate postoperative computed tomography scanning and 

three-dimensional reconstruction could be used to assess 
the quality of the reduction and reduce the risk of post-
surgical complications. However, not all hospitals have 
the facilities to perform postoperative scanning.

Non-anatomical reduction involves realigning the 
bone segments without necessarily restoring them to 
their original anatomical position. In 2012, Gotfried et al. 
introduced the non-anatomical closed positive and nega-
tive buttress reduction techniques to treat young patients 
with FNFs [18]. The term “positive buttress reduction 
mode” (Fig. 1C) refers to the situation where the proximal 
medial cortex of a FNF is located above the distal medial 
cortex on the outside, meaning that the distal medial cor-
tex of the FNF protrudes towards the inner lower edge of 
the proximal end compared to an anatomical reduction 
(Fig. 1B). In contrast, in the “negative buttress reduction 
mode” (Fig.  1A), the proximal medial cortex of a FNF 
is located above the distal medial cortex on the inside, 
meaning that the proximal medial cortex of the FNF pro-
trudes towards the inner upper edge of the distal end 
compared to an anatomical reduction (Fig.  1B). Intra-
operative or postoperative anteroposterior X-rays of the 
hip joint are used to determine whether a positive reduc-
tion has been achieved [19]. However, to our knowledge, 
very few comprehensive literature reviews have been 
conducted evaluating the efficacy of the positive buttress 
reduction surgical technique for FNFs. Therefore, this 
comprehensive literature review is designed to encap-
sulate the impacts of both non-anatomic and anatomic 
reduction on the biomechanical stability, clinical out-
comes, and postoperative complications in the manage-
ment of FNFs, conjecture the efficacy of positively braced 
reduction techniques and provide a thorough summari-
zation of the clinical outcomes.

Materials and methods
Literature search
Details of the literature search process are shown in 
Fig. 2. The PubMed, Web of Science, Google Scholar, and 
Embase electronic database-s were searched to identify 

Fig. 1  (A) negative buttress reduction, (B) anatomical reduction, and (C) positive buttress reduction
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research articles comparing the biomechanical implants 
used to perform non-anatomical reduction for FNF and 
the clinical outcome of the different techniques. The fol-
lowing keywords were used to search for relevant articles 
“hip” OR “femur” OR “femoral” OR “femoral neck”) AND 
(fracture) AND (“anatomical” OR “anatomy” OR “posi-
tive” OR “negative” OR “Non-anatomical”) AND (reduc-
tion). All articles published before 2023 with no language 
restrictions were included in this literature review.

Methodological quality of studies
The methodological quality of studies was assessed using 
the methodological index for non-randomized stud-
ies (MINORS) criteria [20], of which the first 8 criteria 
were used for all studies and all 12 for comparative stud-
ies. These outcomes are all displayed in Table 1. The level 
of evidence of all studies was assessed using the Oxford 
Centre for Evidence-Based Medicine (adjusted) [21].

Results
Characteristics of the studies
A total of 16 relevant studies were retrieved, of 
which 11 evaluated the clinical efficacy and 6 evalu-
ated the biomechanics. Most studies evaluated the 
clinical efficacy of different reduction techniques in 
young patients (< 65 years old) with FNFs during and 
after closed reduction and internal fixation. Various 
implants were used to fix the fractures, including per-
cutaneous compression plates (PCCP), cannulated 
screws (CS), dynamic hip screws (DHS) and derotation 
screws (DS), and femoral neck system (FNS). In the 
study of biomechanics, the implants model included 
cannulated screws (CS), dynamic hip screws (DHS) and 
derotation screws (DS), femoral neck system (FNS), 
and physiological hip nail (PHN) by three-dimensional 
finite element modeling. The summary information is 
presented in Tables 2 and 3.

Fig. 2  Literature screening flowchart
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Metrics used to assess the clinical outcomes post-surgery
The incidences of complications post-surgery, includ-
ing ONFH, shortening (femoral neck shortening 
exceeding 5  cm [22]) and displacement (changes in 
neck-shaft angle exceeding 10° [23]) of the femoral 
neck, nonunion, infection, and postoperative fractures, 
were assessed in most studies. In addition, most stud-
ies used the Harris Hip score to evaluate the outcomes 
and function of the patient’s hip joint after surgery 
[24]. The Harris Hip Score consists of a series of ques-
tions and physical assessments, with a total score rang-
ing from 0 to 100 points. Higher scores indicate better 
hip function and less pain.

Hip function score post-surgery
A total of 11 studies, including 1032 young patients 
with unilateral FNF, were evaluated. Among them, 373 
had positive buttress reduction, 406 had anatomical 
reduction, and 253 had negative buttress reduction. 
Table 4 provide a summary of the postoperative com-
plications. The majority of the patients were followed 
up for more than one year. None of the studies iden-
tified a statistical difference in the Harris hip score 
one year after surgery between patients treated with 
positive buttress reduction and anatomical reduction 
[25]. However, in some studies, patients treated with 
positive buttress reduction had a higher rate of excel-
lent Harris scores (> 80 points) than those treated with 
anatomical reduction [26, 27] (P < 0.05). The patients 
treated with positive buttress reduction and anatomi-
cal reduction had a better Harris hip score than those 
treated with negative buttress reduction (P < 0.05) 
[28–33].

Incidence of postoperative complications
Most research results found no significant difference 
in the incidence of complications between the positive 
buttress reduction group and the anatomical reduction 
group (P > 0.05). Conversely, the negative buttress reduc-
tion group had a significantly higher incidence of postop-
erative complications than the positive buttress reduction 
and anatomical reduction groups (P > 0.05) [23, 28–35]. 
Some research studies reported a lower incidence of 
ONFH, shortening and displacement of the femoral neck, 
and fracture nonunion complications in the positive but-
tress reduction group when compared with the anatomi-
cal reduction group [26, 27]. However, it’s important to 
note that the difference in the incidence of fracture 
nonunion was not statistically significant between the 2 
groups, possibly due to the limited sample size. (P > 0.05) 
[23, 26, 27, 31, 34, 35]. The summary information is pre-
sented in Table 4.

Biomechanical evaluation
The postoperative effect is inseparable from the biome-
chanical performance of the internal fixator. At present, 
most biomechanical studies use finite element analysis, 
which directly reflects the stability of the model by mea-
suring the maximum displacement value and maximum 
stress value of the fracture end under external load. The 
smaller the displacement value, the more solid the fixa-
tion [36]. The stress cloud map can reflect the situation 
of stress transmission when force is applied to the cor-
responding part. The summary information is presented 
in Table 3.

Although the internal fixation methods used to 
develop biomechanical 3D models varied widely 

Table 1  Summary of patient demographic data from the included studies
Sample Size

Study Study Design Implant Total AR PBR NBR Age Female Sex Included Fracture Type Follow-Up (months)
Ding et al.(2016) RCS CS 117 40 39 38 ≤ 65 - 22.4
Lu et al.(2017) 105 35 35 35 30 (29%) Garden I-IV 12
Tian et al.(2018) 96 48 48 0 34 (35%) 36
Xiong WF et 
al.(2019)

46 30 16 0 20 (43%) 22

Huang K et 
al.(2020)

67 21 24 22 28 (42%) 22.5

Zhao et al.(2021) 222 82 78 62 90 (40%) Garden I-IV、Pauwels I-III 49.4
Zhao GL et al.(2021) 110 41 35 34 48 (44%) Garden I-IV、Pauwels I-III 27
Yang et al.(2023) 74 28 25 21 38 (51%) Garden I-IV 21.8
Zhu J et al.(2022) DHS + DS 68 37 31 0 24 (35%) Garden III/IV、Pauwels II/III 51.7
LI et al.(2022) PCS PCCP 69 23 23 23 22 (32%) Garden I-IV 12
Jiang QL et 
al.(2023)

RCS FNS 58 21 19 18 27 (47%) Garden I-IV、Pauwels I-III 18.6

Total 1032 406 373 253
AR, anatomical reduction; PBR, positive buttress reduction; NBR, negative buttress reduction; RCS, retrospective comparative study; PCS, prospective comparative 
research; CS, cannulated screw; DHS + DS, dynamic hip screw and derotation screw; PCCP, percutaneous compression plate; FNS, femoral neck system
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between studies, they all reached similar conclusions. 
Compared to negative buttress reduction, the positive 
buttress reduction technique resulted in better stabil-
ity, stress transmission, biomechanical performance, 
and safer internal fixation [37, 38]. However, there is 
still controversy about whether positive buttress reduc-
tion or anatomical reduction is better. So far, biome-
chanical performance studies comparing positive 
buttress reduction in relation to anatomical reduction 
showed that the biomechanical performance brought 
by positive buttress reduction (displacement 0-2  mm) 
is closest to anatomical reduction [38–40]. In the posi-
tive buttress reduction (displacement 2  mm ) mode, 
the screws bear less stress, indicating that the medial 
cortex can disperse some screw stress in positive but-
tress reduction mode [39, 41]. If the displacement is 
too large, it will weaken the mechanical advantage of 
positive buttress mode and even approach negative 
buttress [38–40].

Wang et al. [39] proposed a four-tier classification 
to guide positive buttress reduction mode based on 
the extent of displacement whereby grade 1 includes 
displacement from 0 to 2  mm, grade II includes dis-
placement in the range of 2–3  mm, grade III includes 
displacement ranging from 3 to 4  mm and grade IV 
includes displacement exceeding 4  mm. Studies have 
shown that in cases where anatomical reduction is not 
feasible, positive buttress reduction grade I can achieve 
biomechanical effects similar to anatomical reduction 
for FNF. And then positive buttress reduction grade 
II is a relatively acceptable range. However, the use of 
positive buttress reduction Grade III and IV for dis-
placed FNF is not recommended. In addition, Wang et 
al. [42] found that Gotfried positive buttress reduction 
was more effective than open precision reduction and 
Gotfried negative buttress reduction for bone healing 
and blood supply recovery in rabbits with FNFs, but 
the bone growth capacity of open precision reduc-
tion is greater than that of Gotfried positive buttress 
reduction.

Jia et al. [38] and Fan et al. [40] showed that the bio-
mechanical performance of positive buttress reduc-
tion was also related to the angle of inclination of 
the FNF in relation to the femoral shaft, also known 
as the Pauwels angle. For Pauwels type I fractures 
(below 30°), the biomechanical performance of posi-
tive buttress reduction was very close to that of the 
anatomical reduction. However, as the Pauwels angle 
increases, the mechanical performance of positive but-
tress reduction gradually weakens [38, 40]. Eventually, 
for Pauwels type III fractures (above 70°), anatomical 
reduction provided better stability than positive but-
tress reduction.
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Discussion
Anatomical reduction and rigid internal fixation have 
been considered the treatment of choice for decades 
for young patients (below 65 years) with displaced and 
unstable FNFs [43, 44]. However, in cases of complex 
commuted fractures, closed surgical anatomical reduc-
tion is not always possible [39]. Positive buttress reduc-
tion can provide an alternative reasoning to the reduction 
of FNF. However, it is important to note that despite the 
growing interest in the Gotfried positive buttress reduc-
tion technique, there appears to be a noticeable gap in 
comprehensive literature reviews and systematic evalu-
ations of its clinical efficacy and biomechanical stability. 
Therefore, in this literature review, we aimed to evaluate 
the clinical efficacy and biomechanical properties of the 
positive buttress reduction technique in relation to ana-
tomical reduction techniques for FNF.

Development and clinical efficacy of the positive buttress 
reduction method
The objective of Gotfried positive buttress reduction is to 
align the bones to attain a line measuring between 160° 
to 180° on the hip joint lateral X-ray, with both the proxi-
mal and distal fracture ends aligning with the positive 
buttress position on the hip joint anterior X-ray. Simul-
taneously, the femoral neck-shaft angle should demon-
strate a minimum of 135° with external rotation. Studies 
have found [38–40] that the biomechanical performance, 
safety of the internal fixator implantation, and reliability 
of the postoperative fracture alignment of positive but-
tress reduction (displacements ranging between 0 and 
2 mm) are similar to those obtained following anatomi-
cal reduction. Positive buttress reduction with a displace-
ment within 2 mm joint a fixed nail system can provide 
stable mechanical fixation in displaced FNF that can not 
be fixed with anatomical reduction. However, negative 
buttress reduction should be avoided whenever possible. 
Moreover, compared with anatomical reduction, the 
positive buttress reduction technique has demonstrated 
favorable clinical outcomes, characterized by swift recov-
ery of hip joint function and a reduced or comparable 
incidence of postoperative complications, including fem-
oral neck shortening and ONFH. Consequently, based on 
the findings of this literature review we suggest that, for 
FNF, positive buttress reduction can be the first choice, 
followed by anatomical reduction. Conversely, using 
negative buttress reduction is discouraged, and patients 
should receive dependable internal fixation instead.

Stability of the positive buttress reduction post-surgery
Irrespective of the quality of the anatomical reduction, 
during the healing process, bone absorption and shear 
force at the fracture site may still cause secondary sliding 
and displacement, leading to shortening of the femoral St
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neck and reduction of the neck-shaft angle. It is well 
known that an important predictive indicator of failure 
after surgery is the bending displacement of the femo-
ral neck [45]. Positive buttress reduction can effectively 
avoid the negative effects of bone absorption and shear 
force by improving the bone support at the fracture site. 
During the positive buttress reduction procedure, the 
inner cortex of the proximal head and neck bone block of 
the fracture is positioned on the outer and upper side of 
the inner cortex of the distal fracture. A lateral displace-
ment is then applied so that the cortices at both ends of 
the fracture come into contact with each other to eventu-
ally form a small arch-like step that helps distribute some 
of the stress from above. Additionally, the head and neck 
region receives added support from the inner cortex of 
the femoral neck, thus reducing excessive displacement 
of the proximal fracture end. These arrangements even-
tually maintain a stable cortical-to-cortical configuration, 
reducing the risk of bone displacement post-surgery [41]. 
Conversely, during anatomical reduction, the head and 
neck fragments are only supported by fixation screws, 
and no support is received from the inner cortex of the 
femoral neck. As a result, positive buttress reduction can 
establish a more stable structural alignment and reduce 
the risk of femoral neck shortening while preserving the 
neck-shaft angle.

Adaptation of the positive buttress reduction technique 
based on fracture location
In FNFs or intertrochanteric fractures, positive buttress 
reduction has a different application. A prerequisite for 
the performance of Gotfried positive buttress reduction 
is a head and neck bone block located on the outside of 
the inner cortex of the distal femur. However, while this 
approach works well for FNF, it may not be suitable for 
intertrochanteric fractures. In view of this, Zhang et al. 
[46] first proposed that in the reduction of intertrochan-
teric fractures, the position of the buttresses is altered so 
that the inner cortex of the proximal head and neck bone 
block is situated on the inside of the inner cortex of the 
distal femur to form the positive buttress. Conversely, the 
inner cortex of the proximal head and neck bone block 
is positioned on the outside of the inner cortex of the 
distal femur to form the negative buttress. Moreover, it 
is important to note that the mechanical forces of the 
hip post-surgery vary between FNF and intertrochan-
teric fractures [47, 48]. In FNF, the vertical shear force 
is the main factor affecting fracture stability. In contrast, 
the shear force and hip joint internal rotation coexist in 
intertrochanteric fractures due to the long proximal lever 
arm. Therefore, in order to obtain a secondary stable 
sitting at the fracture end, the surgical management of 
these 2 types of fractures requires different strategies. In 
FNF, an uplifting force should be applied to the proximal 

cortical bone against the distal cortical bone to prevent 
downward movement. This technique is known as uplift-
ing reduction. However, for intertrochanteric fractures, 
a push-out force should be applied to the proximal cor-
tical bone to prevent inward displacement of the proxi-
mal bone block. This approach is known as push-out 
reduction.

Conclusion
The Gotfried positive buttress reduction mode is an 
effective treatment strategy for young patients with FNF. 
However, most of the current clinical efficacy analysis 
studies on positive buttress reduction are based on small 
retrospective studies with a primary emphasis on using 
hollow nails as the chosen internal fixation method in 
positive buttress reduction procedures. Therefore, larger 
prospective multicenter studies are required to con-
firm the efficacy of this technique. Moreover, additional 
research is required to compare the efficacy of different 
fixation methods.
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