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Background and purpose — There are few reports on the
efficiency of the Hansson Pinloc System (Pinloc) for fixation
of femoral neck fractures. We compare Pinloc with the com-
monly used Hansson Pin System in a randomized clinical
trial. The primary outcome measure is non-union or avascu-
lar necrosis within 2 years. We now report fracture failures
and reoperations within the first year.

Patients and methods — Between May 2014 and Feb-
ruary 2017, 439 patients were included in the study. They
were above 50 years of age and treated for a femoral neck
fracture at 9 orthopedic departments in Sweden. They were
randomized to either Pinloc or Hansson pins. The fractures
were grouped as (a) non-displaced regardless of age, (b)
displaced in patients < 70 years, or (c) = 70 years old, but
deemed unfit to undergo arthroplasty. Follow-up with radio-
graphs and outpatient visits were at 3 and 12 months. Failure
was defined as early displacement/non-union, symptomatic
segmental collapse, or deep infection.

Results — 1-year mortality was 11%. Of the 325 undis-
placed fractures, 12% (21/169) Pinloc and 13% (20/156)
Hansson pin patients had a failure during the first year. The
reoperation frequencies were 10% (16/169) and 8% (13/156)
respectively. For the 75 patients 50-69 years old with dis-
placed fractures, 11/39 failures occurred in the Pinloc group
and 11/36 in the Hansson group, and 8/39 versus 9/36
patients were reoperated. Among those 39 patients = 70
years old, 7/21 failures occurred in the Pinloc group and 4/18
in the Hansson group. Reoperation frequencies were 4/21 for
Pinloc and 3/18 for the Hansson pin patients. No statistically
significant differences were found in any of the outcomes
between the Pinloc and Hansson groups.

Interpretation — We found no advantages with Pinloc
regarding failure or reoperation frequencies in this 1-year
follow-up.

Internal fixation is the preferred choice for treating undis-
placed femoral neck fractures and can also be used for dis-
placed femoral neck fractures depending on age or function.
There is still a high revision frequency of approximately 11%
in undisplaced femoral neck fractures (Gjertsen et al. 2011)
and approximately 27% in patients 55-70 years old with dis-
placed fractures (Bartels et al. 2018). It is therefore important
to evaluate new implants designed for better internal fixation.

Pinloc (Figure 1) is a development of the commonly used
Hansson pins and represents a new concept. Pinloc consists
of 3 cylindrical parallel pins with hooks, connected through a
fixed angle interlocking plate. The locking plate is not fixed to
the femoral cortex, which allows for compression of the frac-
ture along the femoral neck. Biomechanical laboratory stud-
ies with composite bone block have shown greater stiffness,
torque at failure, and absorbed total energy at failure when
fixed with Pinloc compared with 2 Hansson pins (Brattgjerd
et al. 2018). Torsional stability is thought to be beneficial for
healing of femoral neck fractures (Ragnarsson and Kirrholm
1992) and could possibly mean less pain for the patient and
thus facilitate rehabilitation. Additionally, the lateral plate
in the Pinloc implant could reduce local soft tissue irritation
compared with the use of protruding pins or screw heads,

Figure 1. Hansson Pinloc System.
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which has been proposed to contribute to local pain. We have
found only 1 clinical Pinloc study: a retrospective study on 40
patients with no control group (Yamamoto et al. 2019).

We report fracture failure and subsequent reoperation fre-
quencies at 1 year in the Swedish Pinloc Study, a randomized
controlled study comparing Pinloc to 2 standard Hansson pins
in the treatment of femoral neck fractures. Failure was defined
as deep infection, early displacement, non-union, and symp-
tomatic segmental collapse. The study is designed for 2 years’
follow-up, but we find it ethically important to provide 1-year
results. If patients allocated to Pinloc would have a reduced
risk of failure or reoperation compared with Hansson pins,
it would be wise to implement its use immediately. If not, a
widespread introduction of this implant should be avoided
while awaiting the final results of 2-year follow-up, including
patient-related outcome measures.

Patients and methods

Subjects

The study is a prospective randomized controlled trial includ-
ing participants from 9 orthopedic departments in Sweden.
The trial lasted from May 7, 2014 to February 25, 2017. The
inclusion of undisplaced fractures ended on September 10,
2016 when 325 patients had been included.

All patients aged 50 years and above, who were admitted to
the trial hospitals with a femoral neck fracture considered for
internal fixation, were eligible for participation in the study.

At randomization, patients were stratified according to
orthopedic department and fracture type: undisplaced/dis-
placed, and if displaced, according to age (Figure 2). Patients
with prior inclusion in the study presenting with a fracture in
the contralateral hip were not included in the study with the
new fracture. The modified Garden classification (Oakes et al.
2003), including lateral view radiographs, was used to classify
fractures. Garden I-II fractures were considered undisplaced,
whereas Garden III-1V fractures were displaced.

The patients were given oral and written information con-
cerning the trial and provided written or oral consent to par-
ticipate in the study. In cases of morbidity or mental dysfunc-
tion, where the patient was not able to give consent, a proxy
(relative or caretaker) granted permission for participation.
Patients were randomized in the operating room after fracture
reduction, using a digital randomization platform, to receiving
either Pinloc or Hansson pins.

Clinical study protocol

Each hospital had a surgeon in charge of the study and data
collection. Anteroposterior and lateral view radiographs of
the hip were taken pre- and postoperatively. All patients were
allowed full weight-bearing postoperatively.

During the initial hospital admission, information was
obtained regarding social conditions, ADL, ASA score,

ENROLLMENT

Assessed for eligibility
n = 1,054

Excluded (n = 516):

- did not meet inclusion criteria, 14

— - declined to participate, 3

- other reasons, surgeon’s
preference, 499

Randomized
n =538

ALLOCATION

Allocated to Hansson Pinloc (n = 274):
- received allocated intervention, 273
- did not receive allocated intervention

Allocated to Hanson pins (n = 264):
- received allocated intervention, 260
- did not receive allocated intervention

(reason unknown), 1 (misinterpretation of randomization
program, peroperative change in

treatment strategy), 4

FOLLOW-UP I

Lost to follow-up (n = 1):
(moved to other region/country)

Lost to follow-up (n = 4):
(moved to other region/country)
Discontinued intervention (n = 43):

(deemed unfit for follow-up by patient/
relative, withdrawn consent)

Discontinued intervention (n = 46):
(deemed unfit for follow-up by patient/
relative, withdrawn consent)

| ANALYSIS

Analyzed (n = 229)
Excluded from analysis (n = 45)

Analyzed (n = 210)
Excluded from analysis (n = 54)

Figure 2. Flow chart of patient enroliment.

smoking, and use of medications (Table 1), as well as the
patient-reported outcome measures (PROMs) WOMAC
(Western Ontario and McMaster Universities Osteoarthri-
tis Index), and EQ-5D-3L (EuroQol). Patient follow-up
consisted of an outpatient visit including radiographs at
3 and 12 months, PROMs and a TUG test (Timed Up and
Go test) (PROMs and TUG data not used in this report). In
cases where patients did not attend follow-up appointments,
information was obtained either by telephone or by review
of patient charts. Failure was defined as early displacement,
non-union, avascular necrosis (symptomatic segmental col-
lapse), or deep infection. Reoperation was defined as revi-
sion surgery with all causes, except removal of an implant
due to local pain, as this is considered a less serious com-
plication. The diagnosis of failure and decision to perform
further surgery was made locally, at the discretion of the
treating surgeon.

Statistics

Proportion (chi-square test, Fisher’s exact test) was used to
compare deaths, failures, and reoperation frequencies. Power
analyses showed that to detect a reduction of failures from
40% to 20% for patients with displaced fractures treated with
Pinloc, 64 patients were needed in each group for a power of
80%. As the failure rate of undisplaced fractures is lower and
less studied, power analysis was not conducted on failure or
reoperation. As we expected a 1-year mortality of 30%, we
calculated that 43% more patients needed to be included in the
study to reach sufficient numbers of patients. Deceased study
persons were included in the analysis until death.
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Table 1. Demography of patients operated with Pinloc (P) or Hansson pins (H). Values are frequency

(percent) unless otherwise stated

Ostergotland. The  authors
declare no conflicts of interest.

Displaced Displaced
Undisplaced age 50-69 years age = 70 years
Factor Pn=169) H(n=156) P{n=39) HMN=36) Pn=21) H(n=18) Results
Female 129 276; 115 274; 19 14 15 11 538 patients were randomized
Male 40 (24 41 (26 20 22 6 7 . .
Age, median (IQR) 80 (73-86) 80 (71-87) 50 (56-64) 62 (58-65) 84 (78-87) 82 (77-ss)  2nd 439 patients were included
BMI, mean (SD) 24 (4) 23 (4) 25 (4) 26 (5) 25 (4) 25 (4) in the trial (325 undisplaced
gementia 31 2183 19 2123 0 1 7 5 and 114 displaced femoral neck
moking 21 (12 21 (13 11 13 2 0 . .
Corticosteroids 12 (7) 7 (4) 2 0 1 2 fractures) (Figure 2). Patient
demographics were similar in
the Pinloc and Hansson pin
Table 2. Failures and local pain. Values are frequency (percent) groups (Table 1).
’ pain. q yip The risk of fracture failure
_ _ varies greatly between dis-
Displaced Displaced placed and undisplaced frac-

Undisplaced

age 50-69 years

age = 70 years
? i tures as well as between younger

Factor P(n=169) H(n=156) P(n=39) H(n=36) P (n=21) H(n=18) - >
patients and those treated with
Infection () () 0 0 0 0 internal fixation due to medi-
Early displacement/ . .
N 8 (5) 15 (10) 9 9 4 3 cal impairments. For these rea-
Symptomatic segmental sons, the data analyses of these
collapse 9(5) 3(2) 2 2 3 1 roups are presented separately.
New fracture 3(2) 1(1) 0 0 0 0 group p p y
Local pain 30 (18 30 (19 12 17 3 4 .
Total P 51 (18) 50( ) 23 o8 10 8 Undisplaced fractures
No statistically significant dif-
ference was found in the failure
Table 3. Indication for reoperation. Values are frequency (percent) frequency at 1 year between
Pinloc (12%, 21/169), and
Displaced Displaced Hansson pins (13%, 20/156)

Undisplaced age 50-69 years age = 70 years (Table 2). At the 1-year follow-
Factor P(n=169) H(n=156) P(n=39) H(n=36) P(n=21) H(n=18) up, 16/169 patients in the Pinloc
lifesiemn 1(1) 0 0 0 0 0 group and 13/156 patients in the
Early displacement/ Hansson group had undergone
Snon;unio?_ al 6 (4) 10 (6) 7 8 3 3 subsequent surgery (other than
ymptomatic segmental . .
collapse 6 (4) (1) 1 2 1 0 eXtI‘a.Ctl(.)n Qf the implant onl.y).
New fracture 3(2) 1(1) 0 0 0 0 The indications for reoperation
Local pain 15(9) 6 (4) g e 1 0 were similar between groups
Total 31 19 12 4 5 3

(Table 3). Implant removal

Proportions analyzed with a chi-square test or Fisher’s exact
test were used to compare deaths, failures, and reoperation
frequencies. P-values < 0.05 were considered to be statisti-
cally significant.

Ethics, registration, funding, and potential conflicts of
interest

The study protocol was approved by the regional ethics com-
mittee in Linkoping 2013-10-16 (dnr 2013/327-31). The study
complies with the World Medical Association Declaration of
Helsinki Ethical Principles for Medical Research Involving
Human Subjects. The study was registered at ClinicalTrials.
gov (identifier NCT02776631) and was funded by Region

due to local pain was done in

9% (15/169) of Pinloc and 4%
(6/156) of Hansson cases respectively (Table 4). 1-year mor-
tality was 12% in both groups.

Displaced fractures, age 50-69

The failure frequency at 1 year was similar in the Pinloc
(11/39) and Hansson (11/36) groups. The reoperation fre-
quency and implant removal due to local pain was similar
between the groups (Table 3). 1 study person in the Pinloc and
1 in the Hansson group had died at 1 year.

Displaced fractures, age = 70

Failure frequencies and subsequent surgery were similar
between the groups (Table 2 and Table 3). 1/21 Pinloc versus
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Table 4. Type of reoperation. Values are frequency (percent)

frequency of segmental collapse
was higher in the Pinloc group,

Displaced

but not statistically significant.
This shows that there may not
be a clear correlation between

Displaced

Undisplaced age 50-69 years age = 70 years
Factor P(n=169) H(n=156) P(n=39) H(n=36) P(n=21) H(n=18)
THA/HA 2 11 (7) 12 (8) 8 8 4 3
Re-osteosynthesis P 3(2) 1(1) 0 0 0 0
Wound revision 1(1) 0 0 0 0 0
Girdlestone 1(1) 0 0 1 0 0
Extraction © 15 (9) 6 (4) 4 5 1 0
Total 31 19 12 14 5 &

biomechanical and clinical
studies (Viberg et al. 2017) and
highlights the importance of
evaluating new implants in ran-
domized clinical trials before

2 THA = total hip arthroplasty, HA = hemiarthroplasty

b Re-osteosynthesis: extraction of implant replaced with another internal fixation implant.

¢ Extraction: removal of implant only (due to pain).

0/18 Hansson implants were extracted (Table 4). 2 patients in
the Pinloc group and 6 in the Hansson group had died at the
1-year follow-up.

Discussion

We found similar fracture failure and reoperation frequencies
in the Pinloc and Hansson groups. Several internal fixation
devices for closed reduction and percutaneous fixation have
been developed, among them: single nails with a side plate;
the sliding hip screw; paired screws or pins; triple screws or
pins; and pins with hooks or flanges. However, the results
have remained about the same for all designs. Bhandari et al.
(2017) compared a sliding hip screw with cancellous screws
in the FAITH trial, but found no statistically significant dif-
ference in the risk of reoperations. A systematic review of
numerous implants for internal fixation of femoral neck frac-
tures showed no statistically significant differences between
implants regarding fracture healing complications, reopera-
tions, and mortality (Parker and Gurusamy 2017). This sug-
gests that there are aspects of the healing process of femoral
neck fractures that we do not understand.

Different methods and implants may come with specific
benefits and risks. The most common implants for internal
fixation in Sweden (Hansson pins and Olmed screws) may not
offer enough fracture stability, even when optimal reduction
and implant position are achieved. Hansson pins are consid-
ered easier to use by surgeons and the implant positioning
is generally better than for AO screws (Mjgrud et al. 2006).
Although theoretically appealing, the advantages of Pinloc did
not translate into better healing conditions in either undisplaced
or displaced fractures in our clinical study. The increased sta-
bility of the Pinloc (Brattgjerd et al. 2018), may come at the
cost of increased intraosseous pressure caused by the 3 pins in
the femoral head. Moreover, the 3 pins connected through the
lateral plate may put increased stress on the subtrochanteric
region, leading to a higher rate of subtrochanteric fractures.
However, these theories were not supported by our study. The

general implementation.

This study has several weak-
nesses. A new device or method
has a learning curve. Pinloc is
a new concept and the surgical
procedure is more demanding for the surgeon than most other
implants. Furthermore, in this multicenter study, over 100 dif-
ferent surgeons performed the operations. All had experience
with Hansson pins or Olmed screws, but limited practice with
Pinloc. Half (499 of 1,047) of the patients who fulfilled the
inclusion criteria were never included because the surgeon on
call chose not to randomize them. No specific reason had to
be given by the surgeon, but common explanations were that
the operation would take more time with Pinloc, the surgeon
did not feel comfortable with Pinloc, or they simply forgot
about the study. The evaluation of radiographs, segmental col-
lapse, early displacement, and non-union may differ between
treating surgeons. The threshold for performing revision sur-
gery may also vary between surgeons, hospitals, and implants
(Alho et al. 1998). The study was unblinded since the sur-
geons reviewing radiographs for failures were aware of the
type of implant allocated.

Summary

The preliminary data of the l-year results from this RCT,
show no statistically significant difference in the frequency of
failures or reoperations between Pinloc and the Hansson pins
in patients over 50 years of age with an undisplaced or a dis-
placed femoral neck fracture. As of today we see no benefit in
the use of Pinloc over Hansson pins in femoral neck fractures.

AB: performed surgery, and collection of data. GS: performed surgery, and
editing of manuscript. HA: performed surgery, data collection, data inter-
pretation, statistical analysis, and editing of manuscript. KJ: study design,
performed surgery, and editing of manuscript. KK: performed surgery, data
collection, data interpretation, and drafting of manuscript. MU: performed
surgery, collection of data, and editing of manuscript. TJ: idea, study design,
supervision, performed surgery, collection of data, and editing of manu-
script.

The authors thank Dr Jens Nilsson, Department of Orthopedics, Helsing-
borg, Dr Matthias Fassbender, Department of Orthopedics, Eskilstuna, Dr
Bjorn Werner, Department of Orthopedics, Norrkoping, Dr Kristbjorg Sig-
urdadottir, Department of Orthopedics, Falun, and Dr Hakan Ledin, Depart-
ment of Orthopedics, Motala for assistance in recruiting patients and data
collection. Swemac is thanked for allowing us to use its image in Figure 1.



546

Acta Orthopaedica 2019; 90 (6): 542-546

Acta thanks Bjarke Viberg for help with peer review of this study.

Alho A, Austdal S, Benterud J G, Blikra G, Lerud P, Raugstad T S. Biases
in a randomized comparison of three types of screw fixation in displaced
femoral neck fractures. Acta Orthop Scand 1998; 69(5): 463-8.

Bartels S, Gjertsen J E, Frihagen F, Rogmark C, Utvag S E. High failure rate
after internal fixation and beneficial outcome after arthroplasty in treatment
of displaced femoral neck fractures in patients between 55 and 70 years.
Acta Orthop 2018; 89(1): 53-8.

Bhandari M et al. Fracture fixation in the operative management of hip frac-
tures (FAITH): an international, multicentre, randomised controlled trial.
Lancet 2017; 389(10078): 1519-27

Brattgjerd J E, Loferer M, Niratisairak S, Steen H, Strgmsge K. Increased
torsional stability by a novel femoral neck locking plate: the role of plate
design and pin configuration in a synthetic bone block model. Clin Bio-
mech 2018; 55: 28-35.

Gjertsen J E, Fevang J M, Matre K, Vinje T, Engesater L B. Clinical outcome
after undisplaced femoral neck fractures. Acta Orthop 2011; 82(3): 268-74.

Mjgrud J, Skaro O, Solhaug J H, Thorngren K-G. A randomised study in all
cervical hip fractures: osteosynthesis with Hansson hook-pins versus AO-
screws in 199 consecutive patients followed for two years. Injury 2006;
37(8): 768-717.

Oakes D A, Jackson K R, Davies M R, Ehrhart K M, Zohman G L, Koval K J,
Lieberman J R. The impact of the garden classification on proposed opera-
tive treatment. Clin Orthop Relat Res 2003; (409): 232-40.

Parker M J, Gurusamy K S. Internal fixation implants for intracapsular hip
fractures in adults (Review). Cochrane Database of Sytematic Reviews
2001, Issue 4. Art. No.: CD001467.

Ragnarsson J I, Kérrholm J. Factors influencing postoperative movement in
displaced femoral neck fractures: evaluation by conventional radiography
and stereoradiography. J Orthop Trauma 1992; 6(2): 152-8.

Viberg B, Rasmussen K M 'V, Overgaard S, Rogmark C. Poor relation between
biomechanical and clinical studies for the proximal femoral locking com-
pression plate. Acta Orthop 2017; 88(4): 427-4.

Yamamoto T, Kobayashi Y, Nonomiya H. Undisplaced femoral neck fractures
need a closed reduction before internal fixation. Eur J Orthop Surg Trau-
matol 2019; 29(1): 73-8.



