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a  b  s  t  r  a  c  t

Proper  reduction  and  stable  fixation  of  articular  fractures  is essential  for an  early  recovery  and  to  avoid  late
complications.  Arthroscopically  assisted  techniques  for  minimally  invasive  fixation  have  been  introduced
to reduce  local  morbidity  and  improve  anatomic  reduction  of  the fragments.  However  up  to date  no
clear indications  for surgery  have  been  given.  In addition,  the  precise  rates  of  functional  outcomes  and
complications  are  controversial.  The  hypothesis  was  the  systematic  analysis  of  the  available  literature
would  provide  precise  indications,  outcomes  and  complications  of  arthroscopically  assisted  techniques
for patellar  fracture  fixation.  A  comprehensive  literature  review  was performed  using  the  keywords
“patellar  fracture”,  “arthroscopy”  with  no  limit  regarding  the  year  of  publication.  All  the  selected  articles
were in  English  language  and  were  evaluated  with  the Coleman  score  by  three  independent  surgeons.  The
interclass  correlation  coefficient  between  the three  examiners  was  calculated.  Six  full text  articles  were
retrieved.  The  initial  cohort  included  60  patients  with  a displaced  transverse  fracture  in the majority  of
the cases.  At  an  average  FU  of 27.2  months  the  Lysholm  score  was  91.3.  The  rate  of complication  was  7%;

Average  Coleman  score  for the  three  observers  was  55.8  ±  6.5 with  an  ICC  of 0.89,  indicating  adequate
inter-rater  agreement.  Arthroscopically  assisted  techniques  for minimally  invasive  fixation  of  patellar
fractures  represent  a reliable  option.  The  positive  clinical  outcomes  and  low  rates  of  complications  must
be confirmed  with  further  studies  including  larger  series  and  longer  FU.
Level of evidence:  Level  IV, systematic  review  of  retrospective  series.
. Introduction

Patellar fractures represent 1% of all fractures in adult patients
1]. Most common patterns are vertical and horizontal fractures
ith or without displacement of the fragments. Transverse patellar

ractures represent the most common pattern usually affecting
atients aged from 20 to 50 [2], and are almost twice as frequent

n men  as they are in women [3]. Conservative treatment has been
dvocated in case of non-displaced and non-comminuted fractures.
otential disadvantages include stiffness or fragment displacement

s a consequence of wrong timing in patient mobilization [4]. Con-
ersely, displacement of the fragments or articular incongruence
equires surgery. Open reduction and internal fixation, ensure
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anatomical reduction of the articular surface and stable fixation
[5]. Fractures of the distal pole have been successfully addressed
with anchor suturing [6]. Open approach is associated with specific
and general complications in up to 60% of cases [7]. These include
infections (up to 14%) [8], delayed wound healing (up to 8%)
[3], patellar necrosis from blood damage, and peripheral nerve
disturbance especially of the branches of the saphenous nerve [9],
broken wires (up to 25%) [8], irritation from the devices (up to 43%)
[10], migration of Kirschner wires and hardware or fixation failure
(up to 7%) [8] with reported revision rate varying from 7% to 43%
[3,8,11,12]. Minimally invasive and percutaneous techniques have
been introduced to reduce the rate of these complications and to
achieve shorter hospitalization, better knee mobility and improved
outcomes [10]. However, a potential drawback of minimally inva-

sive techniques is the poor control of anatomic reduction of the
articular surfaces. Arthroscopically assisted techniques should
reduce the risk of non-anatomic fixation and late onset of patella-
femoral arthritis. However up to date, there is no general consensus

dx.doi.org/10.1016/j.otsr.2017.04.010
http://www.sciencedirect.com/science/journal/18770568
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2017.04.010&domain=pdf
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Fig. 1. Flow-chart diagram shows the recruitm

egarding the indications for these arthroscopically assisted tech-
iques. In addition, there is no clear data regarding functional
utcomes and specific complications related to these techniques.

The aims of the present systematic review were to analyze the
vailable literature to clarify the aforementioned aspects: precise
ndications for arthroscopically assisted reduction and fixation of
atellar fractures, evaluation of functional outcomes and report
ossible technique-specific complications. In addition the quality
f the studies were assessed with the Coleman Methodology Score
13], which has been demonstrated a reliable tool to determine the

ethodological quality of scientific studies. The hypothesis was the
ystematic analysis of the available literature would provide pre-
ise indications, outcomes and complications of arthroscopically
ssisted techniques for patellar fracture fixation.

. Materials and methods

A systematic literature review using the following key
ord terms and Boolean operators “patellar fracture” AND

arthroscopy” with no limit regarding the year of publication was
erformed. The following databases were accessed on 29 Octo-
er 2015: PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez/),
vid (http://www.ovid.com/), Cochrane Reviews (http://www.
ochrane.org/reviews/), and Google Scholar (https://scholar.
oogle.com/). One hundred and thirty-one publications were iden-
ified. All of the abstracts were reviewed by a single surgeon. The
ull text manuscripts were retrieved according to the subject of the
bstract text and only English language articles were included. In
ddition, the reference lists of the full text included were manually
earched to include articles not identified at the electronic search.
ll journals were considered in this review and all relevant articles
ere retrieved. Only articles in peer-reviewed journals were

onsidered. Prospective or retrospective studies reporting clinical

utcomes were included in the study, whereas technical notes
ere excluded (Fig. 1).

Ultimately, 8 articles met  inclusion criteria. One article was
xcluded as outcomes were reported incomplete [14] although the
d selection process of the available literature.

indications for surgery and the surgical technique were recorded
and would have matched the inclusion criteria. Two  studies from
the same surgeon reported similar data, raising the doubt of refer-
ring to the same cohort of patients [15,16]. Therefore, the data from
the case series study were not included in the analysis [15]. How-
ever, both of them were included for methodological assessment.
This evaluation was performed according to the Coleman Method-
ology Score (CMS) [13]. It is a 10 criteria evaluation form, which
assesses the methodological quality of scientific studies. A perfect
score of 100 represents a study design that largely avoids the influ-
ence of chance, various biases, and confounding factors. Although
no cut-off for the definition of high- or low-quality studies has been
previously set, a total score greater than 65 is usually accepted
as the inferior limit for a high quality study [17]. Three surgeons
carried out the evaluation independently.

2.1. Statistical analysis

The three versions of the CMS  were then compared and the
interclass correlation coefficient (ICC) between the three results
was calculated. An a priori ICC value of 0.75 was selected as ade-
quate agreement between raters.

3. Results

3.1. Coleman methodology score

All studies were evaluated according to the Coleman score
criteria by three independent surgeons (Table 1). The average
methodological score for the first surgeon was 63.3 (39–73), for
the second surgeon was 51.7 (22–79) and for the third surgeon
was 52.3 (24–79). The most lacking domain were the study size

and length of FU since most of studies were case series involving
only a small number of patients and short FUs. The ICC between
the three surgeons for the grading of the CMS was  0.89, indicating
adequate inter-rater agreement.

http://www.ncbi.nlm.nih.gov/sites/entrez/
http://www.ovid.com/
http://www.cochrane.org/reviews/
http://www.cochrane.org/reviews/
https://scholar.google.com/
https://scholar.google.com/
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Table 1
Coleman methodology score.

Authors Study
size

Mean
follow-up

Number of
different
surgical
procedures

Type of study Diagnostic
certainty

Description of
surgical
procedure

Description of
postoperative
rehabilitation

Outcome
criteria

Procedure for
assessing
outcomes

Description of
subjects
election
process

Total

Observer 1 Tutgut et al. [18] 0 5 10 0 5 5 10 2 5 10 57
Makino  et al. [19] 0 2 10 0 5 5 0 2 0 10 39
Tandogan  et al. [20] 0 5 0 0 5 5 10 10 8 15 63
Yanmis  et al. [21] 0 2 10 0 5 5 10 10 11 15 73
El-Sayed  and Ragab [22] 0 5 10 10 5 5 10 10 8 10 73
Chiang  et al. [15] 4 5 10 0 5 5 10 10 12 15 71
Chiang  et al. [16] 4 5 10 0 5 5 10 10 8 10 67
Average  1.1 4.1 8.6 1.4 5 5 8.6 7.7 7.4 12.1 63.3
Standard  deviation 1.9 1.5 3.8 3.8 0 0 3.8 3.9 4 2.7 12.2

Observer 2 Tutgut et al. [18] 0 5 10 0 5 5 10 0 5 0 40
Makino  et al. [19] 0 2 10 0 5 5 0 0 0 0 22
Tandogan  et al. [20] 0 5 0 0 5 5 5 10 11 3 44
Yanmis  et al. [21] 0 2 10 0 5 5 10 8 11 0 51
El-Sayed  and Ragab [22] 0 5 10 10 5 5 10 10 11 13 79
Chiang  et al. [15] 4 5 10 0 5 5 10 10 10 15 74
Chiang  et al. [16] 4 5 10 0 5 5 10 10 15 10 74
Average  0.7 4 8.3 1.7 5 5 7.5 6.3 8 5.2 51.7
Standard  deviation 1.6 1.5 4.1 4.1 0 0 4.2 5 4.6 7 21.5

Observer 3 Tutgut et al. [18] 0 5 10 0 5 5 10 0 5 0 40
Makino  et al. [19] 0 2 10 0 5 5 0 2 0 0 24
Tandogan  et al. [20] 0 5 0 0 5 5 5 10 11 3 44
Yanmis  et al. [21] 0 2 10 0 5 5 10 10 11 0 53
El-Sayed  and Ragab [22] 0 5 10 10 5 5 10 10 11 13 79
Chiang  et al. [15] 4 5 10 0 5 5 10 10 10 15 74
Chiang  et al. [16] 4 5 10 0 5 5 10 10 15 10 74
Average  0.7 4 8.3 1.7 5 5 7.5 7 8 5.2 52.3
Standard  deviation 1.6 1.5 4.1 4.1 0 0 4.2 4.7 4.6 7 21
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Table  2
Demographic data.

Author Type of study Preoperative
diagnosis

Initial cohort Mean patient age
(years) (Sg/Cg)

Sex (M/F)
(Sg/Cg)

FU (months)

Turgut et al. [18] Case series
Retrospective

Displaced
transverse

11 38 (26–53) 9/2 32 (18–51)

Makino et al. [19] Case series
Retrospective

Displaced
transverse

5 41 4/1 18 (10–31)

Tandogan et al. [20] Case series
Retrospective

Variable 5 53 (27–74) 3/2 28 (24–35)

Yanmis et al. [21] Retrospective Comminuted 5 32.5 (24–42) 5/0 22 (20–28)
El-Sayed and Ragab
[22]

Case series
Prospective

Displaced
transverse

14 34 (19–52) 14/0 26

Chiang et al. [16] Retrospective Displaced
transverse

20 (Sg)
40 (Cg)

Sg 56.6
Cg 60.2

Sg 9/11
Cg 15/25

37.3

Sg: study group; Cg: control group; M:  male; F: female.

Table 3
Procedure, outcomes and complication.

Author Delay injury/surgery
hours

Procedure Outcome
measure

Postoperative outcome P-value
(Sg/Cg)

Complications

Turgut et al. [18] na K-wires + cerclage na na na 0%
Makino et al. [19] na Cannulated

screws + cerclage
na na na 0%

Tandogan et al. [20] 76 (24–120) Cannulated screws
(n.3)
Cannulated
screws + cerclage (n.2)

Lysholm 84.8 na 20%

Yanmis et al. [21] na External fixator Lysholm 94 na 0%
El-Sayed and Ragab
[22]

55 (24–95) Cannulated screws Lysholm 93 na na

Chiang et al. [16] 15.2 Sg Cannulated Lysholm Sg 93.6 P < 0.01 Sg 15%
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Cg screws + cerclage

g: study group; Cg: control group; na: not available.

.2. Demographics

Six full texts were retrieved, including 5 case series and one ret-
ospective comparative study. Demographic data are summarized
n Table 2. Initial cohort included 60 patients. In the study by Chi-
ng et al., the study group was compared with a control group of
0 patients treated with open tension band wiring [16]. Mean age
t the time of surgery was 42.5 years (range 19–82). There were 44
ales and 16 females included. Surgical procedure was performed

8.8 hours after the initial trauma (range 8–120). At a mean FU of
7.2 months (range 10–51) all patients were reviewed for either
linical or imaging evaluation.

.3. Fracture pattern

The most common indication for an arthroscopically assisted
inimally invasive fixation technique was a displaced transverse

atellar fracture [3,5,6,16,22], however the pattern was  more com-
lex in two studies including comminuted fractures [21] and either
ertical, or distal pole, proximal pole, transverse or comminuted
ractures [20].

.4. Surgical procedure

The index procedure consisted in fracture fixation through a
inimally invasive approach with cannulated screws, cannulated
crew and cerclage [16,19,20,22], Kirschner wires and cerclage [18]
r external fixator [21] (Table 3). In all cases the quality of reduction
s well as the presence of any additional intra-articular involve-
ent was assessed under arthroscopic control.
Cg 88.8 Cg 75%

3.5. Clinical and radiological results

The outcomes were reported in terms of Lysholm score in all
studies with the exception of the one by Turgut et al., who only
reported radiographic outcome [18] (Table 3). Mean Lysholm score
at FU was 91.3 (range 84.8–94). In the series by Chiang et al., the
Lysholm score of the study group (93.6) was  statistically superior
(P < 0.001) to those of the control group (88.8) [16]. El-Sayed et al.
reported no evidence of osteoarthritis at last FU evaluation [22].

3.6. Complications

The rate of complications was  7% (Table 3). In the one compara-
tive study, there was  a statistically significant difference (P < 0.001)
in the rate of complications between the arthroscopically assisted
procedure (15%) and the traditional open approach (75%) [16].
Reported complications included reduced primarily loss of ROM
[20,22], and irritation [16].

4. Discussion

To our knowledge, the present study is the first systematic
review focusing on the indications, outcomes and complications of
arthroscopically assisted minimally invasive techniques for patel-
lar fractures fixation. The most important finding of the present
review is the low complications rate associated with minimally
invasive reduction and arthroscopically assisted fixation of patellar
fractures. The methodology of the available literature was assessed

through the Coleman Score. The score obtained from the three sur-
geons showed a moderate methodological quality of the literature
on the issue with the majority of the studies being case series with
small number of patients.
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1515–9.
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Sattler et al. were the first to describe the advantages of an
rthroscopically assisted reduction and a percutaneous fixation
n case of displaced transverse patellar fractures [23]. This tech-
ique ensured precise visualization of the fragments reduction
nd allowed decompression of intra-articular hematomas, removal
r debridement of loose fragments and the possibility of treat-
ng cartilage lesions. Since 1987, only a few case series reporting
ncouraging outcomes with lower complication rate compared to
pen techniques were published. However, the reported indica-
ions and surgical techniques are relatively heterogeneous.

According to the first aspect, most of the patients in the present
eview had a displaced transverse pattern. In these fractures, the
ssessment of intra-articular anatomic reduction is relatively easy
nce the hematoma has been washed out. Subsequent fixation
an be easily carried out through a minimally invasive approach.
ther patterns such as comminuted fractures [21] or variable frac-

ures pattern including displaced transverse fractures [20] present
 greater challenge.

The second aspect of this review refers to the different surgi-
al techniques used in each single series. El-Sayed et al. were the
nly ones describing a technique of arthroscopically assisted closed
eduction and percutaneous screw fixation [22]. Conversely Turgut
t al. described a fixation with two K-wires in a cross disposition and
einforced it with a circumferential metallic cerclage [18]. All the
ther authors applied personal variations of the Carpenter’s tech-
ique [24]. It consisted in a figure-8 tension band over two screws
echnique, which provided the most rigid fixation and resistance
o construct failure when compared to screws alone and modi-
ed tension band technique. Chiang et al. and Makino et al. used

 figure-8 cerclage over two cannulated screws [16,19], while Tan-
ogan et al. adopted a figure-0 cerclage over two cannulated screws

n osteopenic patients [20]. Finally, Yanmis et al. described a tech-
ique of reduction and arthroscopically assisted circular external
xation in comminuted fractures [21]. These fractures cannot be
reated with internal fixation as it happens for displaced transverse
ractures and external fixator is an alternative to the traditional
artial or total patellectomy.

Looking at the outcomes and complications some data emerge
learly from the present review. The functional results according to
he Lysholm score and the satisfaction rate are very positive. The
ate of early or mid-term clinical or imaging complications is low
nd when it is compared to those of open procedures the difference
s statistically significant (P < 0.001) [16].

This review has some limitations. First, the sample sizes in the
ncluded studies are small and the methodologies are primarily case
eries. The only comparative study (with open techniques) was con-
ucted by Chiang et al. [16]. The small population is obviously a
ias, however it is the consequence of the strict indications and the
act that it’s a new surgical approach. In addition, although sev-
ral databases have been accessed with different combination of
ppropriate keywords, it is possible that some papers may  not have
een included in our search. Finally, although functional outcomes
re promising and the rate of complications is low, the average
eported follow-up was generally short (28.9 months). This is an
mportant limitation for a technique focused on reducing the risk
f non-anatomical reduction and late onset of osteoarthritis.

. Conclusion

The most appropriate fracture pattern to be treated seems to be
isplaced transverse fracture. Accurate anatomic reduction of the

ragments avoids the risk of late cartilage degeneration. Arthro-
copically assisted minimally invasive techniques combine the
dvantage of reduced local morbidity and precise evaluation of
ragment reduction. Outcomes are generally very encouraging and

[
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the early and mid-term complication rate is very low. These encour-
aging results must be confirmed in larger series and with longer FU
studies.
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