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Abstract We present a retrospective study evaluating
the proclaimed beneficial effect of the use of fat graftsin
patients with recalcitrant carpal tunnel syndrome. Twen-
ty-one re-decompression operations with fat grafting
(group 1) and 20 routine re-decompressions (group 11)
were assessed postoperatively with a questionnaire,
physical examination, and nerve conduction studies.
Both groups were improved by the operative interven-
tion, but no significant differences were found between
the two surgical techniques for postoperative severity of
symptoms, threshold sensation, pain assessment, nerve
conduction velocities, or patients satisfaction with the
postoperative result. Only the postoperative functional
status score of the fat grafted patients revealed a trend to
a significantly worse outcome. The fat grafted patients
sustained more problems with a hypersensitive scar at
the wrist level immediately after surgery, athough on
long-term review there was no significant difference in
scar tenderness between the two groups. We concluded
that implantation of free fat grafts has not proved to be
of additional benefit in patients with recalcitrant carpal
tunnel syndrome.

Keywords Recalcitrant carpa tunnel syndrome -
Re-decompression - Free fat graft - Postoperative results

Introduction

Recalcitrant carpal tunnel syndrome after carpa tunnel
decompression is a well-recognized problem. The inci-
dence in the literature varies between 1.7 and 20% [10,
16,19]. According to Cobb and Amadio [5], 0.3-3% of
the primary decompressed patients will need a re-decom-
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pression operation. The predominant causes of recalci-
trant symptoms are incomplete sectioning of the flexor
retinaculum [5, 6, 17, 19,27], reformation of the flexor
retinaculum [23], tenosynovitis of the flexor tendons [19,
35,39], more proximal or secondary neuropathies [5,
10,23], and fibrous proliferation within the carpal tunnel
[19, 35,39].

Fibrous proliferation creates adhesions between the
epineurium of the median nerve and the surrounding tis-
sues, predominantly the flexor tendon synovial lining or
the edges of the divided flexor retinaculum [10, 11,
28,39]. The median nerve glides an average of 14.5 mm
(range 11-17 mm) within the carpal tunnel during nor-
mal wrist flexion/extension [36]. Nerve excursion
through the carpal canal will be inhibited by fibrous pro-
liferation resulting in a longitudinal traction force [36].
Thisforce disturbs the intraneural and extraneural micro-
circulation, causing ischemic damage [22]. Additionaly,
the diffusion properties of the perineurium are disturbed,
after which proteins enter the fascicles producing intra-
fascicular edemawhich leads to fibrosis [8].

A variety of techniques to restore the movement of
the median nerve have been reported. Severa muscle
flaps have been developed, the abductor digiti minimi
muscle flap [23,33], the pronator quadratus muscle flap
[23], the palmaris brevis flap, preferred by Rose [29],
and the lumbrical muscle flap of Koncilia et al. [15].
Other techniques include the reverse radial artery fascial
flap [35], the synovial flap recommended by Wulle [39],
and reconstruction of the transverse carpal ligament, as
described by Hunter [11]. Fat as an interposing material
has been advocated by Eden and Rehn [7]; they recom-
mended a free fat graft around traumatized nerves.
Plancher [28] used a hypothenar fat pad flap, whilst
McClinton [24] suggested a dermal fat graft for patients
with recalcitrant carpal tunnel syndrome.

Fat grafting can be considered to be of benefit in two
ways. The graft can reduce the risk of adhesive neuritis
by interposing fat between the posterior surface of the
retinaculum and the median nerve. The graft can also act
as a spacer that maintains maximum volume in the car-



pa tunnel. The free fat graft is known to slowly reduce
in size thereafter, thus ensuring a generous carpal tunnel
with minimal risk of subsequent compression.

We retrospectively compared the effects of the routine
re-decompression operation with additional implantation
of free fat grafts associated with the routine re-decom-
pression operation in patients with recalcitrant carpal
tunnel syndrome.

Patients and methods

Patients

Between January 1990 and March 1998, 42 patients were operated
on for recalcitrant carpal tunnel syndrome with a re-decompres-
sion and free fat graft, and 35 patients with routine re-decompres-
sion aone. All these patients were invited to visit a special re-
search clinic for an assessment. Twenty-one patients treated with a
free fat graft transplantation (group 1) and 20 patients treated with
the routine re-decompression operation (re-decompression and ex-
ternal neurolysis) for recalcitrant carpal tunnel syndrome (group
I1) responded.

The 21 patients (19 female, two male) in group | had 23 medi-
an nerves surrounded with an autologous fat graft (two bilateral,
19 unilateral) in addition to the routine decompression procedure.
In the bilateral operated patients, only one side was included by
randomization to avoid interference with the outcome. In this
group 12 patients were unemployed, housewives or retired at the
time of operation, one did office work, seven performed light
manual labor, and one patient did heavy manual labor. The aver-
age age at the time of operation was 47.1 years (range 18-80
years). The average number of previous carpa tunnel release oper-
ations in group | was 1.3 per carpal tunnel. The mean time of fol-
low-up was 36.1 months (range 2—100 months).

The 20 patients in group Il (16 female, four male) had 21 car-
pal tunnels re-decompressed with the routine procedure (one bilat-
eral, 19 unilateral). In the bilateral cases, only one side was ran-
domly included to avoid interference with outcome. The average
age at the time of the operation was 51.2 years (range 37-78
years). In group |l, preoperatively eight patients were unem-
ployed, housewives or retired, five performed office work, six
light manual labor, and one heavy manua labor. The average
number of previous carpal tunnel release operations in group Il
was 1.0 per carpal tunnel. Mean time of follow-up was
39.8 months (range 6-101 months).

Methods

Patients of both groups were assessed in a specia research clinic.
A questionnaire was given to al patients; it contained questions
on genera health and satisfaction with the outcome of operation
(1=completely satisfied; 2=very satisfied; 3=somewhat satisfied;
4=unsatisfied; 5=very unsatisfied). Pain was assessed on a Visual
Analogue Scale (10.0 cm). A standardized questionnaire [20] was
used to determine the patients' Symptom Severity Scale (1=nor-
mal; 2=mild; 3=moderate; 4=severe; 5=very severe) and Function-
al Status Scale (1=normal; 2=mild; 3=moderate; 4=severe; 5=very
severe) [20]. The preoperative Symptom Severity Scale (SSS),
Functional Status Scale (FSS) and pain assessment (VAS) were
retrospectively determined during the assessment. The postopera-
tive physical parameters measured included: threshold sensation
with the Semmes-Weinstein monofilament test, Phalen’s test, Ti-
nel’s test, grip strength (JAMAR 2nd slot), lateral pinch strength
(JAMAR pinch meter) and nerve conduction velocities of the me-
dian nerve at wrist level (O=unreliable/not done; 1=normal;
2=mildly reduced; 3=markedly reduced; 4=severely reduced). Pre-
operative and perioperative data were obtained from the patients
health record.
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All data were statistically evaluated with one-way ANOVA
(Analysis of Variance), adjusting for preoperative data in the post-
operative Symptom Severity Scale, Functional Status Scale and
nerve conduction velocities. Three patients of group | also under-
went an MRI scan (T1). Two patients were respectively 2 months
and 2.5 years postoperative, and one patient with bilateral fat
grafts was 9 months (right hand) and 4.2 years (left hand) postop-
erative.

Surgical technique

The carpal tunnel release operation with implantation of an autolo-
gous free fat graft was usually carried out under general anaesthet-
ic (17 cases) or (in four cases) local block. The routine re-decom-
pression was done under a local block in half of the patients, the
remainder under general anaesthesia. An extended incision was
made incorporating the scar of the previous surgery. The median
nerve was exposed from the lower forearm to the palm (Fig. 1 @).
If there was evidence of scarring between the median nerve and
the surrounding carpal tunnel, these adhesions were released.

The graft was predominantly taken from the medial side of the
proximal forearm (12 patients) or the distal upper arm (four pa-
tients). In patients with an insufficient amount of fat in the arm, the
fat was taken from the groin (four patients). A single patient had the
fat graft taken from the lateral aspect of her right proximal lower
leg. A straight skin incision of approximately 5 cm was made at the
donor site reaching the level of subcutaneous fat, the wound was
opened with skin retractors so that subcutaneous fat was exposed
and a strip of approximately 5x2x1 cm was removed with a scalpel
(Fig. 1b). Directly after harvesting, the fat graft was longitudinally
incised (partial thickness) and placed under the median nerve al-
lowing the nerve to sink into the trough of the graft (Fig. 1c). The
two edges of the remains of the divided retinaculum were placed
over the fat graft and both skin incisions were closed with #4-0 ny-
lon (Fig. 1d). The skin edges of the incisions were infiltrated with
5 ml 1% Lidocaine to provide postoperative pain relief.

The wounds were covered with Vaseline impregnated gauze, a
bulky dressing and a bandage. The wrists were immobilized by a
volar slab for 10 days. After removal of the plaster the patients
were allowed to gradually start using the hand, but were advised
not to do heavy lifting for 6 weeks. The sutures were removed af-
ter 3 weeks in the case of the fat graft, because of the extra tissue
bulk in the carpal tunnel.

The routine re-decompressions were simply dressed in crepe
and cotton wool at the outset and sutures were removed at
10-14 days. In our study, eight fat grafted patients needed postop-
erative physiotherapy and four required desensitization therapy to
the scar of the wrist. Eight routine re-decompressed patients re-
quired physiotherapy and three required treatment for a hypersen-
Sitive scar.

Results

The mean preoperative Symptom Severity Scale of
group | was 3.7 (+ 0.2) and in the routinely re-decom-
pressed patients 3.3 (x 0.2). The preoperative symptoms
of carpal tunnel syndrome in the fat implanted patients
were significantly worse than those that were simply re-
decompressed (P<0.05).

The assessed results are summarised in Table 1. The
Functional Status Scale visualises a trend to a signifi-
cantly worse functional status postoperatively in the fat
implanted patients (group I) (P<0.1). All the other vari-
ables reveal no significant difference in outcome be-
tween group | and group Il (P>0.1). Changes in grip
strength, lateral pinch strength, Phalen’s test and Tinel’s
test could not be evaluated, because insufficient preoper-
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Fig. 1 a Exposed median nerve in the carpa tunnel. b Resected
fat graft of approximately 2x5x1 cm. An incision (partia thick-
ness) was made along the long axis of the graft. ¢ The positioned
graft in the carpal tunnel; the graft was first placed under the me-
dian nerve with the incised side towards the median nerve, there-
after the median nerve was embedded in the incision and the two
side flaps were used to cover the palmar aspect of the nerve. d Fi-
nal result of the operation after closure

ative data was available. The postoperative results of the
Phalen's and Tinel's test are displayed in Table 2. Twen-
ty of 21 fat grafted patients have a positive Phalen’s and
ten have a positive Tinel’s test postoperatively.

The complications after surgery are summarised in
Table 3. There is no significant difference in scar pain at
the wrist level between group | and group Il (P>0.1).

Overdl there is no significant difference in patient
satisfaction with the outcome of surgery between group |
and group |1 (P>0.1).

Table1 Postoperative

nerves (group |) and routine Fat graft Routine

re-decompressed carpal tunnels MeantSE re-decompressed

(group I1) MeantSE
SSsp 2.5+0.2 2.3+0.2 0.652 1 NS
FSsP 3.0+0.2 2.6x0.2 3.259 1 <0.1
Threshold sensation 3.0£0.3 2.2£0.3 2.687 1 NS
(SW test),d pain assessment in cm —2.2+0.7 —-2.7£0.7 0.333 1 NS
(VAS)eNCVbe 1.9+0.2 1.8+0.2 0.264 1 NS
Scar pain to pam 2.310.2 1.9+0.2 2.160 1 NS
Satisfaction 2.8+0.3 3.0£0.3 0.294 1 NS

aAll variablesin group I, n=21 (mean+SE); group I, n=20 (mean+SE)
b Symptom Severity Scale (SSS), Functional Status Scale (FSS) and nerve conduction velocities
(NCV) are adjusted for preoperative values

cGoup I, n=19; group I, n=16

d Semmes-Weinstein monofilament test

eVisual Analogue Scale



Table 2 Postoperative Phalen’s
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and Tinel's test (N=41 Test Group | Group Il
! ( ) Fat graft (n=21) Routine re-decompressed (n=20)
Positive Negative Positive Negative
Phalen’s test 20 1 16 4
Tinel’s test 10 11 8 12
Table3 Complicationsin fat .
grafted and routine re-decom- Complication Group | Group 11
pressed patients (n=41) Fat graft (n=21) Routine re-decompressed (n=20)
None 11 17
Superficial infection 3 2
Hypersensitive scar 7 1
Table 4 Results of different .
variablesin groups| and Il sep-  Variable Group | Group Il F Df P
arated on temprorary improved Fat graft Routine re-decompressed value
and persistent symptoms after . .
prevlioous surgersg P Recurrent Persistent  Recurrent  Persistent
(n=8) (n=13) (n=9) (n=11)
MeantSE MeanztSE  MeantSE MeanzSE
aSymptom Severity Scale SSs» 24+0.3  2.6+0.3 1.9+0.3 2.6+0.3 1553 3 NS
(SSS), Functional Status Scale FSS2 3.1+0.2 2.9+0.2 2.4+0.2 2.9+0.2 2.221 3 NS
(FSS) and nerve conduction ve-  Threshold sensation 3.1+0.5 2.9+04 2.0£0.5 2.4+0.5 11015 3 NS
locities (NCV) are adjusted for
preoperative values (SW-test)e
b Group | recurrent n=7; group Pain assessmentincm -2.1+1.0 -2.2+0.8 —45+1.0 -1.3+0.9 2121 3 NS
| persistent n=12; group Il re-
current n=8; group Il persietnet  (VAS)d
?=8 . . . NCVab 1.6+£0.2 2.2+0.2 2.1+0.2 1.6£0.2 2.142 3 NS
mS;Tt”eESWe' nstein monofile-  sear pain palm 24+04  23%03 1.7¢04  2.0+03 0858 3 NS
; Satisfacti 2.9+0.4 2.8+0.3 2.4+0.4 3.5+0.3 1531 3 NS
dVisual Analogue Scale staction
Both groups consisted of patients with persistent and  piscussion

recurrent symptoms. Patients were defined as having re-
current symptoms if the period of temporary relief, oc-
curring after previous decompression, was equal to or
longer than 3 months. The results for subdividing into
four groups are summarized in Table 4. No significant
difference was found after subdividing into persistent
and recurrent carpal tunnel syndrome.

Radiographic results

We were able to review the radiographic appearances of
the fat grafts in three patients who had been operated on
2 months (Fig. 2 @), 9 months (Fig. 2b(R)), 2.5 years
(Fig. 2¢), and 4.2 years (Fig. 2b(L)) previously.

In general, the volume of the fat graft appears to di-
minish with the passage of time. The amount of fat graft
in Fig. 2b(L) islessthan in Fig. 2a. On the dorsal aspect
of the median nerve in Fig. 2b(R) adhesions are visible
between the epineurium of the median nerve and the
flexor tendon sheaths (Fig. 2b(R)).

Fat transplantation, as an option in various forms of sur-
gery has been an issue since the last century. It has been
used for filling facial depressions [25, 26,34] and to re-
store the contour of breasts [26,38]. It aso has been used
to stem haemorrhage in abdominal surgery [21], to fill
bony defects [7], and to repair a mucosal defect of the
urethra[7].

Fat transplantation has been used to prevent hetero-
topic bone formation (for example in temporomandibular
joint replacement [37]). It was used to stem haemorrhage
in the epidural space, thereby preventing scar tissue for-
mation after laminectomy [1, 3,18]. Others have men-
tioned the use of fat grafts around tendons and nerves
again to prevent scar tissue formation [7, 24,26].

A persistent disadvantage of free fat grafts is the ten-
dency to resorb. Gurney [9] found that two-thirds of the
fat graft resorbed in rats after autologous fat transplanta-
tions. In humans, the survival rate of the fat graft is con-
sidered to be between 30 and 50% [1, 3, 4, 26,32]. There
are two views on the survival of fat grafts [2,26]. The
first, “host replacement theory”, postulates that none of
the transplanted adipocytes survive and that the graft is
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Fig. 2 a The fat graft (2 months postoperative) is visible on the
volar/ulnar aspect of the median nerve and on the superficial flex-
or tendons. The fat graft has slipped off the median nerve, causing
an area of potential adhesion (between the flexor tendon sheath
and the epineurium) which is not protected by interposed fat.
b Right: The fat graft (9 months postoperative) is surrounding ap-
proximately 80% of the median nerve, except (asin a) in the area
the flexor tendon sheath/synovial lining. The graft is diminished in
volume and adhesions are visible on the unprotected side of the
median nerve. Left: 4.2 years postoperative the fat graft is amost
completely resorbed and adhesions are visible between the whole
epineurium of the median nerve and the surrounding tissues
¢ 2.5 years postoperatively the reduced fat graft is visible sur-
rounding the median nerve. The dorsal side of the median nerve is
still protected by the fat graft

replaced by histiocytes. The second, “fat survival theo-
ry”, states that only part of the transplanted adipocytes
necrose and the residue forms the remaining graft. The
fat survival theory is the more widely supported [2, 4, 9,
26,30].

The fat graft resorption is the consequence of a num-
ber of histological changes that occur in the fat graft af-
ter transplantation, and the general intolerance to isch-
emia of the adipocytes.

The fat graft isinfiltrated by macrophages and neutro-
phils and a collagen layer is formed on the boundaries of
the graft during the first week after transplantation [4, 7,
9, 14, 26, 30,32]. By the end of the first week a central
zone can be identified, containing non-inflammatory de-
nucleated adipocytes with an inflammatory peripheral
zone [4]. After 3 weeks, three layers can be identified in
the fat graft; a central, necrotic zone [4,32], an interme-
diate, densely inflamed zone containing collagen fibres
and pseudocysts, and a peripheral zone with viable adi-
pocytes. By 1 month, the viable fraction of the peripheral
zone becomes larger and the intermediate zone denser.
One month later, the peripheral zone is twice as wide and
the central zone still shows an inflammatory response,
pseudocysts, and collagen condensation [4]. Smahel [31]
supports the view that there is an acute degradation when
the invading macrophages remove the necrotic cells in
the central part. He states that this is followed by a
chronic degradation process of dead cells in the pseudo-
cysts, which can last for months or years. This explains

how the fat graft reduces in volume over severa years,
as demonstrated on the MRI scans.

Peer [26] stated that larger free fat grafts survive bet-
ter than multiple small ones because of improved revas-
cularisation [9]. Others felt that using small fragmented
grafts would give a better revascularization, because of
close contact between graft and host tissue [12,21].
McClinton [24] believes transplanting dermis with the
fat restores the vascularisation in the fat graft faster.

Peer [26] considered the use of fat grafts to reduce the
formation of adhesions around nerves and tendons to be
disadvantageous, because the graft interferes with the
blood supply of the nerve or tendon. However, Eden and
Rehn [7] reported positive results in their patients. They
noted that adhesions between the epineurium and the fat
graft were visible at 19 days postoperatively, but that
these were reduced 6 months later. Jones [13] states that
small, nonvascularized subcutaneous or muscle flaps
may not survive or even produce more scar tissue. We
confirm the occurrence of adhesions between the fat
graft and the surrounding tissues, which in our study did
not seem to disappear with the passage of time.

McClinton [24] reported in a non-comparative study
that in some cases of recurrent carpal tunnel syndrome re-
exploration of the median nerve, neurolysis, and implanta-
tion of a dermal fat graft could be beneficial. Our results,
comparing the overall effects of the routine re-decompres-
sion of the carpal tunnel and the additional implantation
of afree fat transplant, reveal that both procedures are ef-
fective, but do not support the view that fat-grafting is of
additional benefit to re-decompression alone.
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