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Abstract

Background Hoffa’s fat pad syndrome has been defined as impingement of Hoffa’s fat pad, leading to oedema and
fibrosis. The primary aim of this systematic review was to identify morphological differences in Hoffa's fat pad between
patients with and without Hoffa's fat pad syndrome, evaluating them as risk factors predisposing to its development.
The secondary aim was to summarize and evaluate current evidence pertaining to the management of Hoffa’s fat pad
syndrome.

Materials and Methods The protocol for this review was prospectively registered (PROSPERO registration:
CRD42022357036). Electronic databases, currently registered studies, conference proceedings and the reference

lists of included studies were searched. All studies evaluating differences in Hoffa's fat pad anatomy under imaging
between patients with and without Hoffa's fat pad syndrome were included, as well as those exploring epidemiologi-
cal factors predisposing to its development (ethnicity, employment status, sex, age and BMI), and studies reporting on
the effect of treatment on Hoffa’s fat pad morphology.

Results A total of 3871 records were screened. Twenty one articles satisfied the inclusion criteria, evaluating 3603
knees of 3518 patients. Patella alta, increased tibial tubercle-tibial groove distance, and increased trochlear angle were
found to predispose the development of Hoffa’s fat pad syndrome. Trochlear inclination, sulcus angle, patient age
and BMI were not associated with this condition. The link between Hoffa’s fat pad syndrome and ethnicity, employ-
ment, patellar alignment, Hoffa's fat pad composition, physical activity and other pathological processes cannot be
established due to lack of evidence. No studies reporting on treatment for Hoffa’s fat pad syndrome were identified.
Though weight loss and gene therapy may provide symptomatic relief, further research is required to corroborate
these claims.

Conclusion Current evidence suggests that high patellar height, TT-TG distance, and trochlear angle predispose

the development of Hoffa’s fat pad syndrome. In addition, trochlear inclination, sulcus angle, patient age and BMI

do not seem to be associated with this condition. Further research should explore the link between Hoffa's fat pad
syndrome and sport as well as other conditions pertaining to the knee. In addition, further study evaluating treatment
approaches for Hoffa's fat pad syndrome is required.
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Background

Hoffa’s fat pad is located inferior to the patella. It lies pos-
terior to the patellar tendon and anterior to the femoral
condyles. It is an intra-capsular, extra-synovial structure
[1]. Some of its proposed functions include fluid secre-
tion to promote efficient lubrication of the knee joint,
occupation of joint dead space to maintain its integrity,
and reducing friction between the femoral condyles and
joint capsule [1].

Hoffa’s fat pad syndrome has been defined as the
impingement of Hoffa’s fat pad, occurring with concomi-
tant pathology, leading to its oedema and fibrosis [2]. It
can also be caused by repetitive micro trauma resulting
in inflammation and fibrous changes to Hoffa’s fat pad
[3]. Inflammation of Hoffa’s fat pad could lead to the syn-
ovial membrane being compressed against the femoral
condyles, resulting in effusions, anterior knee pain, and
functional impairment [1].

Treatment for Hoffa’s fat pad syndrome involves com-
mencing with conservative approaches, such as physical
therapy, taping, and muscle training. These can be com-
plemented with injections of local anaesthetic and/or
corticosteroids [4]. Surgical treatments are recommended
if non-operative approaches fail to provide symptomatic
relief. These include fat pad excision, synovectomy, and
denervation of the inferior pole of the patella [4].

Possible risk factors for developing Hoffa’s fat pad syn-
drome have been proposed. Examples include lateral
patellar displacement [5] and practising sports at a high
level [6]. A meta-analysis evaluated parameters of patel-
lofemoral mal-tracking associated with superolateral
Hoffa’s fat pad oedema. Large patellar tilt, lateralization,
tibial tuberosity-trochlear groove (TT-TG) distance,
and high patellar height were associated with superolat-
eral Hoffa’s fat pad oedema [7]. Factors other than those
pertaining to patellar mal-tracking must be explored.
Two recent systematic reviews on Hoffa’s fat pad syn-
drome reported on its management [8, 9]. These did not
comment on factors predisposing the development of
this condition. Knowledge of risk factors for Hoffa’s fat
pad syndrome could help explain its pathophysiologi-
cal processes, allowing for specific and effective treat-
ment approaches to be designed, and must therefore
be explored. In addition, new potential treatments have
been described since the performance of the aforemen-
tioned reviews, such as stem cell therapies [10, 11]. The
identification of studies published since, may provide
further insight into the treatment of Hoffa’s fat pad syn-
drome. The effectiveness and feasibility of new therapies
must be evaluated.

The primary aim of this systematic review was to iden-
tify morphological differences in Hoffa’s fat pad between
patients with and without Hoffa’s fat pad syndrome,
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evaluating them as risk factors predisposing to its devel-
opment. The secondary aim was to summarize and evalu-
ate current evidence pertaining to the management of
Hoffa’s fat pad syndrome.

Methods

The PRISMA 2020 checklist was followed [12]. The pro-
tocol for this review was prospectively registered on
PROSPERO with registration number CRD42022357036.

Study eligibility

All studies evaluating morphological and epidemiological
factors predisposing to the development of Hoffa’s fat pad
syndrome were included. Morphological factors entailed
differences in Hoffa’s fat pad anatomy under imaging
between patients with and without Hoffa’s fat pad syn-
drome. Epidemiological factors evaluated were ethnicity,
employment status, sex, age and BMIL. In addition, stud-
ies reporting on the effect of treatment on Hoffa’s fat pad
morphology were included.

Papers not reporting original data such as literature
or systematic reviews were excluded, along with case
reports, animal studies and letters to the editor. Theo-
retical models, studies not evaluating potential risk fac-
tors for Hoffa’s fat pad syndrome, and those not reporting
on the effect of treatment on Hoffa’s fat pad morphology
were also excluded. There were no constraints based on
language or publication status.

Search strategy and data extraction

Database search and data extraction were conducted
independently by the first and second authors. Searches
were conducted twice for quality assurance. The first
search was conducted on 13/09/2022. The search was
repeated on 29/01/2023. The search strategy is attached
(Appendix 1). We searched the following electronic data-
bases via OVID from 01/01/2012 to capture articles pub-
lished in the last 10 years, identifying the latest published
literature: MEDLINE, Global Health, and Embase. Cur-
rently registered studies were reviewed using the data-
bases ISRCTN registry, the National Institute for Health
Research Portfolio, the UK National Research Register
Archive, the WHO International Clinical Trials Regis-
try Platform, and OpenSIGLE (system for information
on grey literature in Europe). Conference proceedings
from the European federation of national associations of
orthopaedics and traumatology (EFORT), British Ortho-
paedic Association and British Trauma Society were
searched. The reference lists of included studies were also
searched.
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Fig. 1 PRISMA diagram depicting the study collection process

Methodological appraisal

Level of evidence and risk of bias of each study included
were evaluated independently by the first and second
authors. The level of evidence of the studies presented
was determined with the March 2009 Oxford Centre for
Evidence-Based Medicine: Levels of Evidence [13]. The
anatomical quality assessment (AQUA) tool was used to
assess the risk of bias of non-interventional anatomical
studies [14]. The Cochrane Collaboration’s risk of bias
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tool was used to assess risk of bias in randomized con-
trolled trials (RCTs) [15].

Results

A total of 3871 records were screened, with 49 poten-
tially eligible articles identified (Fig. 1). Twenty-eight
were excluded on the basis of the pre-specified exclu-
sion criteria. A total of 21 studies were included,
evaluating 3603 knees of 3518 patients (Table 1).
Quantitative pooled analysis was prevented by the



Page 4 of 14

(2023) 35:17

Abelleyra Lastoria et al. Knee Surgery & Related Research

Abojoyied
22wy Inoyim dnoib
|013u0d 7 dnoio

111 pue uswubije
Je||21ed ‘aduelsip
9J-11 'uoneulpul

Jeajydoui ‘s|bue

¢1¢€ 2z dnoin g/:zdnolo (0l '67) 6€ iz dnoio awloipuAs ped SNDINS YS! V1dd  ‘ApN1s [edlwoleue
7621 dnoip ppirdnoin (/167 91 dnoin 18} SelOH | dnoin  ‘eale |eUONDSS SSOID) 9 MO |BUOIUSAISIUI-UON 020T “[B 12 Wy
ewapao ped ey  ‘Apnis |edjwoleue
4N 09 09 SeyoH |esdejosadns  3buUR JBI|YD0I YS| 9 14N |BUOIUSAIIUI-UON | 70T “|e 19 buojoelx
SISoulpUS)}
dnoib Je||21ed pue Jusw
|0J3u0d :z dnoin -9buidwi ped 1ej
6 :z dnoio SISOUIPUS} SHOH Udamiaq  ‘ApN1s [edlwoleue kdo4
N 331 6 :1 dnolo Jejj21ed ;| dnoig diysuonejay YW 14N |BUOIIUSAIDIUI-UON "UgIf pue sawiolRg
L5 >9(bue | lg|
-|191ed |esaie| ;7 dnoin
0¥ :z dnoin .G <a|bue i le| 9|bue  ‘ApN1s [edlwoleue
N o 90% :1 dnoi -ja1ed |esaie| | dnoin 1|13 Jejjo1ed |esa1e YW 14N |EUOIIUSAISIUI-UON 1 20T “|e 12 buajD
e||o1ed epejew
-oipuoyd :¢ dnoin
swolp
-UAs edyjd sejjo1ed
G'Lg:gdnoin € dnoio (S '6€) ¥ :€ dnoig leipawi iz dnoin
76¢ ¢ dnoin 9g:zdnolo (71 ‘7/) 98:7 dnoio awlolpuAs ped g ‘obe { ‘Apn1s [edlwoleue
80¢ L dnoio 9z :1 dnoip (€'€0)9z:L dnoin  3eyseyoH :| dnolo 'xas Juaned ] dd [N YbIH  [PUOIIUSAISIUI-UON 70T "B 12 Wiy
1uswabuidwi ped
16} SeHOH buipnpul
10U ‘sajbojoyied
99U JaY10 Yum
(16 syualied ;g dnoio S1S0Jqy pue
0f ¢ dnoin [Sedrdelalell) '¥91) 657 :z dnoip Juawabuidwi ped  ewsPa0 ‘sUOISUIWIP  ‘Apn1s [edlwoleue 020T
81 dnoio 29:1dnoin (O£ 7€) 2911 dnoin 18} SRYOH | dnoi ped 1e} seyoH YN MO |BUOIIUSAIIUI-UON  “[B 12 1pJey|abul uoA
Ainfui
39Uy 91N YIM
syuanedino iz dnoln  Ainful paiejai-||equooy
0£-81 abuey :z dnoin | € :z dnoin (0'1€) L€z dnoln  saunful 9auy pajeal BuIMmo||0) BLSPRO  ApN1s [edlwoleue
9¢g:l dnoin L€ :1 dnoin (0'67) 6 :1 dnoso -|[eq100y | dnoio ped e} seyoH [dW ubIH [eUONUSAISIUI-UON 70T A
Xapul
SIMJYLe  uolleinjesun ‘uondely  Adodsou1dads Y  ‘Apnis |ediuloleue
s 9 (ZE'91)8F  -03150 UM s1ualied 1ejpediejseyoH  uojoid usboipAH MO [BUOIUSAISIUI-UON 7207 “|e 19 buoyz
(s1eak) (so|ewdy ‘sajew) paienjeas DUIPIAS JO
abejuaned uespy saauyj josaquiny sjudned jo sLquiny sdnoub juaned sio)dweled Ayjepow Huibew seiqjoysty  [9A9] ‘ubisap Apms Apnis

MBIABI SIUY Ul PaPN|DU SAIPN3S JO soisHaideleyd uoneindod pue seiq jo sy L ajqer



Page 5 of 14

(2023) 35:17

Abelleyra Lastoria et al. Knee Surgery & Related Research

S99
[ew.ou :z dnoio
eWoPa0

yidap

J1e3|yo0.1 i Jejjored
|eJa1e] quaWade(dsIp
Jejja1ed [eiale| ‘'uon
-e|sueJ} Jejja1ed
‘UOIIRUIDUI JES|YD01)

91 :z dnoio (8'0) 8:z dnoi ped 1e} seYOH |84 |eJ4a1e] ‘9dueISIp  ‘ApN1s [edlwoleue
661 9| :| dnoip (8'0)8:L dnoun  -1ejosadns:| dnoin  9i-| | ‘9bue sNIINS YW MO |BUOIIUSAISIUI-UON S10Z “[e 32 eIy
ewapa0
ped 1ej seyoH |84
-1ejo1adns INoyum
syuaned iz dnoin
ewapa0
€9z :z dnoip 0S:zdnoin (77 '87) 06z dnoin ped 1ej seyoH [eJd  3|bue |eiowajo|23ed  ‘ApN1s [edlwoleue
9'g¢ 1| dnoun 0s:Ldnoin  (€£°/1) 06 L dnoin  -ejosadns:| dnoin  ‘s|bue Jea|ydoil ‘Ys| YW SUISDUOD SWOS |EUOIIUSAISIUI-UON 8107 "8 12 AosIND
uonow ‘A
S|0JIUOD DlleW  -Je|NdSeA ‘Aljigissald
-oydwiAse :;z dnoin  -wod ‘ped 1ej SeYHOH
0l :z dnoio 0l :zdnoip 1uswabuidwi ped BulA|ddns [9ssan # 'ApN3s [edjuoleue
4N L1l dnoi ||l dnoip 18} SeYOH :| dnoun  1sable| Jo Ja1awelq punoselyn 14N |BUOIIUSAIRIUI-UON
19510 12351q ‘2oURISIp
PWSPS0 ped e} ©)-] | ‘UOHRUIDUI JES)
SRHOH (286) INoyum  -yooJy ‘s|bue snojns  ‘ApN1s [edlwoleue £10C
899 veLL (ELL'1TP) vELL 10 (ZGL) yumsiusned  ‘a|bue 1esjyooi ys| [dW Mo [BUORUSAISIUI-UON “|e 39 winjeyefelpim
eUIdP0
ped 1ej SeOH |eld
-1ejos2dns InoyM
siuaned :z dnoio 1908} 1B3|YD01}
BUISPO  |BI1E| PUB JUSWED)|
09 iz dnoio ped 1ej SeOH |eld Jejj91ed usamiaq  ‘Apnis |ediuloleue z102
4N 06 0¢:l dnoin  -ejosadns:| dnoio 2oUelsIp ‘abe Yg| YN 14N [BUOIIUSAISIUI-UON “|e 12 eubedwe)
eWSP0
ped 1e} seyoH [esa
-1ej012dns INOYUM
syuaned iz dnoio
BWISPS0 1|1} pue Juswubije e
/¥ iz dnoin ped 1ej seyoH [eJa  -|21ed ‘@duriSIp D] |  'ApN1s [edlwoleue
4N 711 dnoig 89  -1ejosadns:| dnoio "Ys| 'a|bue snojng 4N 14N [BUOIIUSAISIUI-UON 6107 “|e 12 Wy
(s1eak) (soewdy ‘sajew) paienjeas DUBPIAS JO
abejuaned uesyy saauyj josaquiny sjudned jo Lquiny sdnoJb juaned si9loweled Ajepow Huibew seiq joysiy  |[9A9] ‘ubisap Apnis Apnis

(panunuod) L ajqey



Page 6 of 14

(2023) 35:17

Abelleyra Lastoria et al. Knee Surgery & Related Research

(squui] paxeja4) dnolb
|0J1u0d :€ dnoio

ped 1e}

uonedidde SeHOH JO AU|IqIXa|
|7 :€ dnoio | Z :€ dnoin yoed 10y iz dnolo 9Y3} UO JUSWiIeal}
¢z dnoin 7z 7 dnoin Adelayy  yoed 1oy Jo Adesayy
10T |Z:1 dnoio |71 dnoiny |lenuew :| dnoio [enuew JO 10943 punoselyn ybiH 1DY Ajenb-mo| ‘gz Zz0z “|e 19 emebelry
19510 129519
pue ‘uoi1edy|sse|d
B13gip ‘dejiano abe)
-l1ed Jejja1ed ‘uon
uled [eJOWSJO| -e|suely 1 Jejjered ¥ ‘Apnis |ediuoleue 810z "L 18
coe eel (8/'59) €€l -|91ed Yum swusiied ‘3|bue snojNns “Ys| 4N Mo [BUORUSAISIUI-UON doox|appIN ueA
BWSP0
ped 1ej SeoH |esd 1|1 Jejj21ed [eIS1E)
-Jejoladns Inoyim pue juawade(dsip
syuaned iz dnoin  Jejaied [elsie| ‘9|bue
BWISPS0  |eioWajo|231ed ‘Uone)
¢¢:zdnoin 001 :zdnoio  (€9'/€) 001 :z dnolo ped 1ej seyoH [eJa  -suedy sejjoied ‘yidap  ApN1s [edlwoleue
L€ 11 dnoip 00L:1dnoin  (9/'%7) 001 L dnoin  -ejosadns:| dnoin  1e3|yd0i1 ‘D] | 'YS| YN MO [BUOIIUSAISIUI-UON 2107 “|e 32 uqir
y1bua|
obe|iued sejjo1ed pue
1ybIzYy snojns Unwiay
3U1 JO SIa1aWelp dy
|BJ21E| PUE [PIPAW
159b.e| ‘e||238d 941
JO 1928 |BJR1E| JO
y1bus| ‘@dusujwold
1e3]yoou} [euaA i
pue Juswade|dsip
Jej|21ed |esare| ‘yidap
1e3]yD0J1 'e3|yd01}
|BJ21E| PUE [PIPAW
Jo yibua| xapul
abe|11ied Jeajyoon
‘dejiano abejinied
Jeajyoou ‘Yyibug)
Jejjo1ed ‘obue |es
-owajo;21ed ‘ajbue
soouy Jejo1ed ‘1o0ey Jejjo1ed
|ewilou iz dnoio [eIpaW Jo Ybu3)
BWISPS0  ‘UOIIBUIDUI JBS|YDOI}
gz :z dnoip Syizdnoin  (g2'/1) OF iz dnoin ped 1ejseyoH el |ela1e| ‘9|bue snojns ¥ ‘Apn1s |eoluoleue
€1 dnoip [Z:i1dnoin (1% '%7) 69:1 dnoi  -ejosadns:| dnoin  ‘ys| ‘@durISIp D] | YN ybiH [BUOIIUSAISIUI-UON 107 “|e 12 N2
(s4eak) (sojewdy ‘sajew) paienjens OUIPIAS JO
abejuaned uesyy saauyj josaquiny sjudned jo Lquiny sdnoJb juaned si9loweled Ajepow Huibew seiq joysiy  |[9A9] ‘ubisap Apnis Apnis

(panunuod) L ajqey



Page 7 of 14

(2023) 35:17

Abelleyra Lastoria et al. Knee Surgery & Related Research

Joudisodoisyue

dV '@A004b |eIqi3-9219g N3 [eIq D-1 | ‘O8I 13RA[RS-||eSU| ¥S/ ‘Xapul ssew Apod jig ‘9|bue uopuas Jejjaied-e|a1ed vl dd ‘pa1iodal 3ou YN ‘ApNnis 1xa} ||Nj-Uou |4 ‘@dueuosas diaubew Yy ‘buibew adueuosal daubew (Y

|013U0d
ogaoe(d :z dnoig
(10109 UOIsSIdXD

SIIAOUAS-UOISNYD
pue siIAOUAS ped 1ej

€ 1z dnoin p¢ iz dnoln | P19g-{9)] ©) D-2UaD) SPHOH U0 D-auan
dN 89:1 dnoip 89:1 dnoin anssi] :| dnoio -oNssi] JO 1593 14N 14N 10 810 e 1= Is|ey
$50] 1YBIoM 9607 Yum
syuaned ;g dnolo SWIN|OA
ureb ped 1e} seoH uo
6:zdnoin (8'1) 6:zdnoin 14BIam 9507 Ym ssol 1ybiam 1o ujeb ApN1s |eUOIIUSA 5107
4N 0l 1 dnoio (9'%) 0l :1 dnoin syuaned :| dnoio 1ybB1om Jo 19343 YN 14N =191l aAndadsoud "|e 12 DO|y-9|p121S
951219%3 + SSO|
1yB1am pasnpul
-9Ip:iednoin  ssaUdIY) pue ‘eale
G¢ :¢ dnoin (977'6) GE:€ dnoID  s50|1yBIOM PadNpUl  dBHNS ‘DWN|OA ped
gezdnoin ('L 1) S€ iz dnoin -191p ;7 dnoID 18 SRHOH UO 3SID19%D /107" ;1
4N og :| dnoin (Lz'6) 9¢ 1| dnoio 3spIaxa 1| dnoio  1o/pue 13Ip JO 10943 YN SUIDDUOD dWOS 10491 ofUN A1udebod
(s1eak) (so]ewdy ‘sajew) paienjeas 9OUIPIAS JO
abejuaned uesyy saauyj josaquiny sjuaned jo ISquinN sdnoub juaned sio)oweled Ayjepow Huibew seiqjoysly  [9Ad] ‘ubisap Apnis Apms

(PanunUOd) | 3jqey



Abelleyra Lastoria et al. Knee Surgery & Related Research (2023) 35:17

heterogeneity of the data in terms of criteria for Hoffa’s
fat pad syndrome and reporting of outcomes. There-
fore, a narrative synthesis was performed.

Study quality assessment
The findings of the study quality assessment are presented
in Table 1. There were 17 non-interventional anatomical
studies (evidence level 4), one prospective interventional
study (evidence level 4), and three RCTs. One of the RCTs
was of low-quality, and was assigned an evidence level 2b
[16]. The other RCT had an evidence level 1b. Level of
evidence of the remaining RCT could not be assessed due
to this being a non-full text study [17]. Of the 21 stud-
ies included, eight were non-full text studies, preventing
the performance of a risk of bias assessment. The study
by Giirsoy et al. [18] exhibited some concerns regarding
its risk of bias, including patient groups differing in age,
with this confounder unaccounted for. There were some
concerns regarding risk of bias in the study by Pogacnik
Murillo et al. [19], since it was unclear if data was ana-
lysed in accordance with a pre-specified analysis plan.
Four studies were deemed to carry a high risk of bias.
Kim et al. [20] grouped three groups of patients with dif-
ferent knee pathologies and compared them to a control
group of normal knees, rather than making a separate
direct comparison between each pathology and the con-
trol group. Yu et al. [21] did not present complete results
and information on patient demographics, and pre-
sented results in an unclear manner. Matcuk et al. [5] did
not describe MRI protocol nor statistical analysis with
enough detail to be reproduced. Kitagawa et al. [16] did
not report baseline characteristics for each treatment
group separately. In addition, it was unclear if data was
analysed in accordance with a pre-specified analysis plan.
The remaining seven studies carried a low risk of bias.
Overall, given five studies exhibited some concerns or
high risk of bias, and the presence of eight non-full text
studies preventing assessment, the quality of evidence of
studies included in this review was deemed as low.

Hoffa's fat pad composition

Zhong et al. [22] explored the relationship between
fat content and composition in Hoffa’s fat pad and the
severity of Hoffa synovitis in 64 knees with osteoarthri-
tis. There was a good negative correlation (r=— 0.758)
between fat fraction and severity of Hoffa-synovitis.
Fat fraction was calculated as the ratio of fat within the
pad to total amount of fat and water. The fat fraction
decreased with worsening grade of Hoffa synovitis. There
was no association between unsaturation index (ratio of
unsaturated lipid to all lipids) and grade of Hoffa synovi-
tis (r=—0.152, p>0.05).
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Mikkilineni et al. [23] performed ultrasound imag-
ing of 11 knees with Hoffa’s fat pad impingement and 10
asymptomatic controls before and after exercise. Follow-
ing exercise, change in diameter of the largest vessel sup-
plying the pad was greater, and trended toward dilation
in asymptomatic knees compared to those with Hoffa’s
fat pad impingement (p<0.001). Compressibility of the
fat pad before exercise was significantly lower in sympto-
matic knees compared to asymptomatic controls. There
were no differences between groups in terms of subjec-
tive assessment of vascularity (p=0.131), fat pad motion
(p=0.115), or percentage change of the largest fat lobule
(p=0.241), with respect to before and after exercise.

Sports and Hoffa’s fat pad oedema

Yu [21] matched 31 knees of 29 professional football
players who sustained football-related injuries to 31 out-
patients with an acute knee injury. Characteristics of
Hoffa’s fat pad under MRI were compared between the
two groups. There was no statistically significant differ-
ence in the incidence of Hoffa’s fat pad oedema between
both groups. However, incidence in both groups was not
reported.

Hoffa’s fat pad dimensions

von Engelhardt et al. [24] found patients with Hoffa’s fat
pad impingement had a greater vertical and horizontal
extent of Hoffa’s fat pad than those without. Kim et al.
[25] compared radiographic parameters in 44 patients
with Hoffa’s fat pad syndrome and 78 controls without
knee pathology. They found no difference in Hoffa’s fat
pad cross sectional area between patients with (695.23
mm?) and without (626.42 mm?) Hoffa’s fat pad syn-
drome (p>0.05) [25].

Bursae and fat pads related to Hoffa's fat pad

von Engelhardt et al. [24] noted patients with Hoffa’s fat
pad syndrome had a higher occurrence of a fluid-filled
infrapatellar bursa (60% vs 43%). There was a significant
association between the occurrence of deep infrapatellar
bursitis and fat pad impingement (p=0.016). There was a
significant relation between Hoffa’s fat pad impingement
and infra-hoffatic oedema within the superior aspect and
apex of the fat pad (p<0.001). These occurred more fre-
quently in patients with Hoffa’s fat pad impingement than
in those without (31% vs 11%). Bursae calcification and
fibrosis were present more frequently in patients with
Hoffa’s fat pad syndrome (7% vs 0.4%, and 18% vs 6%,
respectively). von Engelhardt et al. [24] also noted that
patients without Hoffa’s fat pad syndrome had a higher
occurrence of joint effusion (71% vs 40%) and a higher
prevalence of vertical (65% vs 44%) and horizontal (68%
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vs 48%) clefts. Lack of these clefts was associated with
occurrence of Hoffa’s fat pad syndrome (p=0.004).

Patella-patellar tendon angle (PPTA)

Kim et al. [20] compared PPTA differences among
patients with medial patellar plica (MPP) syndrome
(n=286), patellar chondromalacia (n=44) and Hoffa’s fat
pad syndrome (n#=26). The PPTA is the angle between a
line connecting the upper and lower poles of the patella,
and a line from the inferior aspect of the patella to the
tibial tuberosity [20]. There was no significant difference
in PPTA between patients. A direct comparison between
patients with Hoffa’s fat pad syndrome and healthy con-
trols was not performed [20]. Kim et al. [25] found PPTA
was significantly lower in patients with Hoffa’s fat pad
syndrome than in controls (137.3°vs 141.4°, respectively,
£<0.001).

Patella alta

The Insall-Salvati ratio (ISR) is the ratio between the
length of the patellar tendon and length of the patella
[26]. A high ISR denotes a high-riding patella (patella
alta). Seven studies found a high ISR was correlated with
oedema in the superolateral portion of Hoffa’s fat pad [5,
18, 26-30].

There was no difference in ISR between patients with
Hofta’s fat pad syndrome (0.98) and healthy controls
(1.00) in one study (p>0.05) [25], van Middelkoop et al.
[31] evaluated 133 patients with patellofemoral pain.
Hofta synovitis was present in 81. A large Insall-Salvati
ratio was associated with the presence of Hoffa synovitis
(odds ratio: 60.37).

Trochlear angle

Trochlear angle is the angle between a line along the
most anterior points of the medial and lateral troch-
lear facets, and the posterior cruciate ligament poste-
rior condylar line [26]. Xiaolong et al. [30] evaluated
MRIs of 60 patients with superolateral Hoffa’s fat pad
oedema. Trochlear angle was positively correlated with
oedema of the superolateral portion of Hoffa’s fat pad
(p<0.001). This was corroborated by Giirsoy et al. [18].
Widjajahakim et al. [26] evaluated MRI images of 1134
patients, of which 152 had superolateral Hoffa’s fat pad
oedema. All patients were separated in quartiles accord-
ing to degree of patellofemoral joint alignment and
trochlear morphologic variables, with the lowest quar-
tile approximating normal morphology more than the
highest quartile. Superolateral Hoffa’s fat pad oedema
was dichotomized as present or absent. Patients in the
highest trochlear angle quartile (i.e. trochlear facet most
anterior) had 1.6 times the odds of having superolateral
Hoffa’s fat pad oedema than those in the lowest quartile.
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Sulcus angle

Sulcus angle is the angle between the medial and lateral
trochlear facets [26]. Kim et al. [25] and van Middelkoop
et al. [31] found no differences in sulcus angle between
patients with and without Hoffa’s fat pad syndrome.
Three studies found no association between sulcus angle
and superolateral Hoffa’s fat pad oedema [5, 6, 26]. Kim
et al. [29] found patients with superolateral Hoffa’s fat
pad oedema had a wider sulcus angle than those without.

Trochlear inclination

Kim et al. [25] found no difference in lateral trochlear
inclination between patients with (23.7°) and without
(24.3°) Hoffa’s fat pad syndrome (p>0.05) (defined as
the angle between the line connecting the most anterior
points of the femoral condyle, and the line connecting the
highest point of the lateral femoral trochlea and the deep-
est point of the trochlear groove). Widjajahakim et al.
[26] and Mehta et al. [6] found no association between
lateral trochlear inclination and superolateral Hoffa’s fat
pad oedema. Matcuk et al. [5] found patients with supe-
rolateral Hoffa’s fat pad oedema had a lower lateral troch-
lear inclination of 22.1° than those without (24.4°).

Epidemiological characteristics

Kim et al. [20] found no differences among patients with
MPP syndrome, patellar chondromalacia and Hoffa’s fat
pad syndrome in terms of patient age, sex, body mass
index (BMI), and affected side of the knee. Campagna
et al. [27] found younger patients were more likely to have
superolateral Hoffa’s fat pad oedema, with age ranges not
reported. Widjajahakim et al. [26] found no differences in
prevalence of Hoffa’s fat pad oedema in different age and
BMI groups. No studies evaluating relationship between
ethnicity, employment, and Hoffa’s fat pad syndrome
were identified.

Tibial tubercle-tibial groove (TT-TG) distance

Six studies found a high TT-TG distance was associated
with superolateral Hoffa’s fat pad oedema [5, 6, 25, 26, 28,
29].

Patellar alignment and Hoffa’s fat pad syndrome:

Cilengir et al. [32] compared MRIs of 406 cases with a
lateral patellar tilt angle (LPT) >5° (group 1), and a con-
trol group of 40 cases with a LPT <5° (group 2). Preva-
lence of Hoffa fat pad oedema was higher in group 1.
A LPT of less than 10° was found to be a cut-off value
to cause superolateral Hoffa fat pad oedema. van Mid-
delkoop et al. [31] found Hoffa synovitis was not asso-
ciated with patellar tilt, translation, patellar cartilage
overlap, Wiberg classification (relating to degree of
confluence between medial and lateral patellar facets),
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and bisect offset (percentage of the patella lateral to the
line through the center of the trochlea). Widjajahakim
et al. [26] found that knees with the highest bisect off-
set had 2.3 times the odds of having superolateral Hof-
fa’s fat pad oedema than those with the lowest. A strong
direct relationship between increasing prevalence of
superolateral Hoffa’s fat pad oedema and increasing
quartile of bisect offset was observed. There was no
association between patellar tilt angle and superolateral
Hoffa fat pad oedema.

Kim et al. [25] compared MRI radiographic parameters
in 44 patients with Hoffa’s fat pad syndrome and 78 con-
trols without knee pathology. There were no differences
between groups in axial patellar alignment and patel-
lar tilt. Kim et al. [29] found patellofemoral maltracking
was associated with superolateral Hoffa’s fat pad oedema.
Girsoy et al. [18] found patellofemoral angle was lower
in patients with superolateral Hoffa’s fat pad syndrome.
There were no differences between groups in terms of
degree of patellar translation (defined as the distance
between the most medial point of the patella to a line
drawn at the most medial point of the femoral trochlea).

Campagna et al. [27] found short distance between
patellar ligament and lateral trochlear facet were asso-
ciated with superolateral Hoffa’s fat pad oedema. This
could lead to impingement between the lateral femoral
condyle and the posterior aspect of the patellar ligament.
Mehta et al. [6] found patellar translation and prevalence
of lateral patellar displacement were significantly higher
in patients with superolateral Hoffa’s fat pad oedema.
Patellofemoral angle was significantly lower in the supe-
rolateral Hoffa’s fat pad oedema group. There were no
differences between the groups in terms of prevalence of
lateral patellar tilt, mean number of abnormalities, and
trochlear depth [6]. The latter is the mean of the maxi-
mum anteroposterior (AP) distance of the medial and lat-
eral femoral condyles minus the AP distance between the
deepest point of the trochlear groove and the line parallel
to the posterior outline of the femoral condyles [28].

Matcuk et al. [5] found the following parameters
were lower in patients with superolateral Hoffa’s fat
pad oedema: length of medial patellar facet, patellar
angle (angle between the medial and lateral facets of
the patella), patellofemoral angle, patellar length, troch-
lear cartilage overlap (length of trochlear cartilage over-
lapping patellar cartilage) and trochlear cartilage index
(ratio of trochlear cartilage overlap to patellar cartilage
length). The following parameters were higher in patients
with superolateral Hoffa’s fat pad oedema: length of
medial and lateral trochlea, trochlear depth, lateral patel-
lar displacement and tilt, and ventral trochlear promi-
nence (greatest perpendicular distance between the
antero-superior aspects of the femoral condyles). There
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was no difference between groups in terms of length of
lateral facet of the patella, largest medial and lateral AP
diameters of the femur, sulcus height (line perpendicular
to posterior condylar axis, extending from midtrochlear
groove) and patellar cartilage length [5]

Jibri et al. [28] evaluated anatomical parameters under
MRI in 100 knees with superolateral Hoffa’s fat pad
oedema (study group), and 100 knees with a normal Hof-
fa’s fat pad (control group). There was no statistically sig-
nificant difference in trochlear depth between the groups.
Patellar translation was significantly higher in patients
with superolateral Hoffa’s fat pad oedema. Patellofemo-
ral angle was significantly higher in the control group. In
addition, there was a higher prevalence of lateral patel-
lar displacement (>2 mm patellar translation) and lat-
eral patellar tilt in patients with superolateral Hoffa’s fat
pad oedema. Overall, 60 patients in the study group had
at least one abnormal patellar maltracking parameter in
comparison to 16 in the control group.

Delorme and Jibri [33] matched 94 patients with patel-
lar tendinosis (65 proximal and 29 distal tendinosis) with
94 controls. More patients had superolateral Hoffa’s
fat pad impingement in the proximal tendinosis group
than in the control group. No difference was observed
between the distal patellar tendinosis group and control

group.

Potential management strategies for Hoffa’s fat pad
syndrome

No studies exploring outcomes of treatment for Hof-
fa’s fat pad syndrome were published in the previous
10 years. Four studies reported on the effect of different
interventions on Hoffa’s fat pad morphology. These were
included as they could be potential management strate-
gies for Hoffa’s fat pad syndrome. Kitagawa et al. [16] per-
formed an RCT evaluating the effect of manual therapy
or hot pack treatment on the flexibility of Hoffa’s fat pad
in healthy subjects. Manual therapy consisted of press-
ing on the fat pad from its lateral aspect with a steady
rhythm, for three minutes. The hot pack group received
the intervention for 10 min. Results were compared to a
control group who lied supine with their limbs relaxed
for 10 min. The ratio of the thickness of the superficial
part of the fat pad between 90° and 0° knee flexion was
calculated to assess its flexibility. There was no difference
between groups in terms of their effect on Hoffa’s fat pad
flexibility.

Pogacnik Murillo et al. [19] randomised 454 over-
weight and obese adults with osteoarthritis into exercise
only (E), diet-induced weight loss (D), and diet-induced
weight loss+exercise (D+E). A subsample of 106
patients underwent MRI at baseline and 18-months fol-
low-up, to analyse Hoffa’s fat pad volume, surface area,
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and thickness as part of a secondary analysis. There
was, on average, 1.0% weight loss in E, 10.5% in D, and
13.0% in D +E. All groups experienced a reduction in fat
pad volume (p<0.01): E (- 2.1%), D (— 4.0%) and D+E
(— 5.2%). All groups experienced a significant (p<0.01)
decrease in fat pad posterior surface area. Only the D+E
group experienced a significant decrease in anterior sur-
face area (p<0.001). The D+E group demonstrated a
greater reduction in fat pad volume and posterior surface
area then the E group (p<0.05). Other between-group
differences in fat pad volume and surface area were not
statistically significant. Across the three groups, there
was a significant correlation between fat pad volume
change and weight loss (r=0.40, p<0.01), total body fat
mass change (r=0.488), subcutaneous thigh fat change
(r=0.32), and inter-muscular thigh fat change (r=0.29).
On average, each percent of weight loss was related to a
0.27% reduction in fat pad volume.

Of 4796 patients in the osteoarthritis initiative, Steidle-
Kloc et al. [34] evaluated 10 patients with >20% weight
gain, and nine patients with>20% weight loss over
2 years. Fat pad volume was compared at baseline and at
2 years. Neither the patients with weight gain nor weight
loss experienced statistically significant changes in fat
pad volume.

Kalsi et al. [17] performed an RCT to evaluate the
effectiveness of Tissue Gene-C (a TGF-Beta 1 expres-
sion vector) for the treatment of osteoarthritis. Its effects
on Hoffa’s fat pad synovitis and effusion-synovitis at
12 months were amongst the secondary outcomes. When
compared to placebo, Tissue Gene-C resulted in a lower
progression rate (9.6% vs. 21.1%).

Discussion

Current evidence suggests that high patellar height,
TT-TG distance, and trochlear angle predispose the
development of Hoffa’s fat pad syndrome. Eight stud-
ies found a high ISR (denoting a high-riding patella) was
associated with Hoffa’s fat pad syndrome [5, 18, 26-31].
This was contradicted only by one study [25]. The con-
cordance between multiple studies suggests patella alta
is a risk factor for the development of Hoffa’s fat pad
syndrome. Hoffa’s fat pad is an intra-capsular structure
located inferior to the patella [1]. A high riding patella
may apply traction on Hofta’s fat pad, leading to oedema
and fibrotic changes in the structure. Therefore, the eval-
uation of patella alta correction for treatment of Hoffa’s
fat pad syndrome is warranted.

Six studies found a high TT-TG distance was associated
with superolateral Hoffa’s fat pad oedema [5, 6, 25, 26, 28,
29]. A high TT-TG signifies a strong pull of the patellar
tendon [35]. This could apply tension on Hoffa’s fat pad,
resulting in its structural changes. A high trochlear angle
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was found to be associated with superolateral Hoffa’s fat
pad oedema in three studies [18, 26, 30], suggesting this
may be a risk factor for Hoffa’s fat pad syndrome. Simi-
lar to a high TT-TG distance leading to a strong pull of
the patellar tendon, a high trochlear angle may be associ-
ated with altered patellar kinematics, leading to increased
tension of Hoffa’s fat pad and resulting fibrosis. However,
since this is hypothetical, further research to describe
the causal relationship between high trochlear angle and
Hoffa’s fat pad syndrome is required.

Three studies found trochlear inclination was not
associated with Hoffa’s fat pad syndrome [6, 25, 26].
Five studies found sulcus angle was not associated with
superolateral Hoffa’s fat pad oedema [5, 6, 25, 26, 31].
The concordance of multiple studies’ findings suggest
these parameters are not risk factors for the development
of Hoffa’s fat pad syndrome. This suggests surgical cor-
rection of trochlear inclination and sulcus angle for the
treatment of Hoffa’s fat pad syndrome may not be war-
ranted. Patient age and BMI were not associated with
this condition either [20, 26]. Whether patient sex is a
risk factor remains unclear due to conflicting evidence
[20, 27]. No studies evaluating the relationship between
Hoffa’s fat pad syndrome and ethnicity and employment
were identified. Therefore, their impact on disease devel-
opment cannot be established. Further research should
stratify prevalence of Hoffa’s fat pad syndrome accord-
ing to epidemiological characteristics to identify high risk
groups and aid diagnosis.

There is a discrepancy in current evidence regarding
the following potential risk factors for Hoffa’s fat pad
syndrome, with differing findings in studies assessing
them: Hoffa’s fat pad dimensions [24, 25], and measures
of patellar alignment such as patellar tilt, inclination,
translation, Wiberg classification and bisect offset [5, 6,
18, 25, 26, 28, 29, 31, 32]. Therefore, a link between these
parameters and Hoffa’s fat pad syndrome cannot be reli-
ably ascertained with current evidence.

This review identified high patellar height, TT-TG dis-
tance, and trochlear angle as predisposing factors for
Hoffa’s fat pad syndrome. These constitute elements of
altered patellar kinematics. Surgery aimed at correcting
these may result in symptomatic relief. However, further
research evaluating the effect of surgical intervention on
Hoffa’s fat pad syndrome is required to corroborate this
claim, since no studies reporting on this have been pub-
lished in the last 10 years. Hoffa’s fat pad syndrome has a
low incidence, and a low proportion of patients progress
to surgery. Therefore, the performance of high-quality
RCTs on the matter is unlikely. Improving our knowledge
regarding surgical intervention may only be achieved by
well-designed cohort studies [8]. Treating this condition
remains challenging due to a lack of consensus regarding
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optimal management strategies. This is exacerbated by
the lack of studies reporting on treatments for Hoffa’s fat
pad syndrome. Four studies reported on the effect of dif-
ferent interventions on Hoffa’s fat pad morphology, but
patients did not have Hoffa’s fat pad syndrome. Despite
this, their findings may guide the development of man-
agement strategies for this condition. The application of
hot packs or physiotherapy did not improve flexibility
of Hoffa’s fat pad in healthy subjects [16]. However, fur-
ther research evaluating manual therapies as a treatment
for Hoffa’s fat pad syndrome should be conducted, since
these could provide a non-invasive solution. Weight loss,
achieved by either diet or exercise, resulted in a reduc-
tion of Hoffa’s fat pad volume and surface area [19].
Though this was contradicted by Steidle-Kloc et al. [34],
their study had a lower sample size and level of evidence
than the large RCT conducted by Pogacnik Murillo et al.
[19]. This review identified high BMI was not a risk fac-
tor for developing Hoffa’s fat pad syndrome. However,
weight loss may be beneficial once this has developed.
Considering Hoffa’s fat pad syndrome is caused by fat pad
impingement [2], a decrease in fat pad volume may result
in symptomatic relief. Therefore, patients with Hoffa’s
fat pad syndrome should be given advice on weight loss
strategies. In addition to alleviating pain, patients are
likely to benefit from overall improvements in health
owing to weight loss [36]. Tissue Gene-C was found to
lower progression rate of Hoffa’s fat pad synovitis in
patients with osteoarthritis [17]. Since patients were not
diagnosed with Hoffa’s fat pad syndrome, its ability to
delay inflammation progression in this condition should
be assessed. Studies reporting on stem cell therapies were
excluded from data extraction in this review due to the
pre-specified eligibility criteria of excluding animal stud-
ies. However, stem cell therapies have demonstrated the
ability to reverse synovitis and fibrosis of Hoffa’s fat pad
in animal models [10, 11]. Though the implementation
of gene and stem cell therapies may be hindered by the
high costs associated with these treatments, further study
exploring their role in treating Hoffa’s fat pad syndrome
is warranted. Continued research could result in cost-
effective treatments for Hoffa’s fat pad syndrome.
Current evidence has limitations which must be
improved upon to garner a better understanding of
Hoffa’s fat pad syndrome. Firstly, multiple factors which
could potentially predispose its development have been
identified, but were reported by a single study. The lack
of multiple studies exploring them hinders the validity
of any conclusions drawn. These include low fat content
in Hoffa’s fat pad [22], constriction of vessels supplying
the fat pad, low fat pad compressibility [23], effusions and
inflammation of the infrapatellar bursa [24], and PPTA
[25]. Similarly, though the following factors were found
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not to predispose Hoffa’s fat pad syndrome, this cannot
be corroborated due to being assessed in a single study:
unsaturation index of Hoffa’s fat pad [22], vascularity,
fat pad motion [23], playing sports [21], short distance
between patellar ligament and lateral trochlear facet [25],
and presence of patellar tendinosis [33]. Further research
on parameters evaluated in a single study is required to
corroborate whether they are risk factors for developing
Hoffa’s fat pad syndrome. This is particularly relevant for
sports, considering the high proportion of adolescents
engaging in physical activity. Secondly, the link between
Hoffa’s fat pad syndrome and other knee conditions
should be established. Only one study evaluating this was
identified [33]. Exploring the association between Hoffa’s
fat pad syndrome and other common orthopaedic condi-
tions such as osteoarthritis and patellar dislocation could
help explain its pathophysiological processes. This could
allow for the creation of tailored treatment regimens.
Thirdly, no studies reporting on treatment for Hoffa’s
fat pad syndrome were identified. Though results from
studies reporting on Hoffa’s fat pad morphology follow-
ing different interventions have been conducted, these do
not provide a reliable appraisal of treatment for Hoffa’s
fat pad syndrome. Further research should explore ther-
apeutic strategies in patients with this condition. This
review is limited by the inclusion of non-full text studies,
in which risk of bias could not be assessed. The major-
ity of studies included carried a low level of evidence and
some concerns regarding risk of bias, which warrants
caution when interpreting their findings. In addition, the
heterogeneity of studies included prevented the perfor-
mance of quantitative pooled analysis.

Conclusion

Current evidence suggests that high patellar height,
TT-TG distance, and trochlear angle predispose the
development of Hoffa’s fat pad syndrome. In addition,
trochlear inclination, sulcus angle, patient age and BMI
do not seem to be associated with this condition. Fur-
ther research should explore the link between Hoffa’s
fat pad syndrome and sport as well as other conditions
pertaining to the knee. In addition, further study evaluat-
ing treatment approaches for Hoffa’s fat pad syndrome is
required.

Appendix 1: search strategy
Hoffa’s fat-pad OR Hoffa fat-pad OR infrapatellar fat pad
OR IFP OR Hoffa’s fat pad syndrome OR Hoffa fat pad
oedema

AND

Risk factors OR predisp* OR propens* OR risk OR
prone OR patho* OR gender OR sex OR ethnicity OR
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race OR employment OR occupation OR job OR anatom*
OR patell* OR radiograph* OR X-ray* OR MRI OR com-
puted tomography OR CT OR ultrasound OR US OR
treat* or management* or trial* or random* or RCT or
randomized controlled trial OR interven* OR therapy OR
medication* OR injection* OR arthroscopy OR surg OR
platelet rich plasma OR steroids
Deduplicate
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